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Abstract: Novel poly(vinyl alcohol) (PVA)/poly(vinyl butyral–vinyl alcohol) (P(VB-VA)) films with
improved hydrophobicity were prepared from poly(vinyl acetate) (PVAc)/poly(vinyl butyral) (PVB)
blend films with various mass ratios by saponification in a heterogeneous medium. The successful
conversion of PVAc to PVA and PVAc/PVB to PVA/P(VB-VA) films was confirmed by Fourier
transform infrared spectrometry, X-ray diffraction, and proton nuclear magnetic resonance analysis.
This study also shows that the degree of saponification (DS) depends on the saponification time. The
maximum DS of 99.99% was obtained at 96 h of saponification for all films, and the presence of PVB
did not affect the DS at saponification times of 48–96 h. The effects of the PVAc/PVB blend ratio before
and after saponification were determined by contact angle measurement, and the hydrophobicity
was found to increase in both cases with increasing PVB content. Additionally, all the films exhibited
improved mechanical properties after saponification, and the treated films possessed an unusual
porous and uneven surface, in contrast with the untreated films. The prepared films with improved
hydrophobicity can be used for various applications, such as biomaterials, filters, and medical devices.

Keywords: poly(vinyl alcohol); poly(vinyl butyral); heterogeneous saponification; blend film

1. Introduction

Polymeric matrices are important in biomedicine, particularly for dialysis and cardiac
treatment. The materials applied in biomedical devices must have certain characteristics,
including low cost and biocompatibility [1]. Polymer blends have attracted considerable
interest in academia and industry because blending makes it possible to develop materials
with characteristics that are better than those of the component polymers [2–4]. These
characteristics are affected by the miscibility of the constituents of the polymer mixture [5],
which arises from interactions such as those resulting from dipole–dipole interactions
and, in homopolymer mixtures, charge transfer complexes or segment–segment repulsion
within blends [6].

Poly(vinyl butyral) (PVB) is thought to be an acetal, and is prepared by reacting an
aldehyde and alcohol [7]. Figure 1 shows the structure of PVB, although it is typically not
prepared in precisely this manner. As shown in Figure 1, it is a mixture of PVB, poly(vinyl
alcohol) (PVA) and poly(vinyl acetate) (PVAc) segments. The polymer characteristics can
be optimized by controlling the ratios of the three segments [8]. PVB reportedly exhibits
high adhesion to glass, biocompatibility, and good solubility in alcohol; it has been applied
in various fields, for example, as safety glass, coating films, and wound dressings [9–14].
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portedly exhibits high adhesion to glass, biocompatibility, and good solubility in alcohol; 
it has been applied in various fields, for example, as safety glass, coating films, and 
wound dressings [9–14]. 

 
Figure 1. Chemical structure of poly(vinyl butyral) with the three different building blocks: vinyl 
alcohol (0.2); vinyl acetate (m < 0.01); and polyvinyl butyral (n~0.8). 

Among various polymers, PVAc exhibits good mechanical stability, and PVAc films 
are easily prepared [15]. This synthetic polymer can be applied for various purposes, for 
example, detecting gas, moisture, and humidity. PVAc films are commonly used for oral 
drug delivery products as well as emission sensors for vehicles [16]. This type of poly-
mer is expected to be applicable as an adhesive for porous materials, mainly wood, pa-
per, bones, and cloth, and as a consolidation agent for sandstone [17]. 

PVAc has also been applied in medicine because of its biocompatibility. Because it 
is an inert polymer, it does not cause harmful reactions in living tissue [18,19]. PVA is a 
well-known water-soluble synthetic polymer for biomedical applications. Because of its 
solubility pattern and easy degradability, PVA is also considered to be a green polymer. 
It is compatible with various types of polymers, and it can be blended with various nat-
ural materials to extend its applicability. 

PVA with improved properties can be prepared by heterogeneous saponification. 
For example, Yang et al. [20] prepared PVA/PVAc microspheres by heterogeneous sur-
face saponification of PVAc microspheres and studied the degree of saponification (DS) 
in the presence of various nanoparticles. Lee et al. [21] also demonstrated a method of 
preparing syndiotactic PVA/poly(vinyl pivalate/vinyl acetate) microspheres using a het-
erogeneous saponification system, and examined the DS in terms of particle size and 
particle size distribution. 

Our group has conducted the majority of the work on heterogeneous saponifica-
tion. We have generated nanocomposite microspheres [22,23], nanofibers [24], films [25], 
and composite films [20]; in addition, several studies on heterogenous saponification are 
underway. PVA has unique characteristics, such as hydrophilicity, biodegradability, bi-
ocompatibility, ease of processing, and high cytocompatibility [26–28]. It does not irritate 
the skin and can adhere to soft tissues [29,30]. However, because of its high hydrophilic-
ity and water solubility, the skin adhesion strength of PVA films is lower than that of 
commercial adhesives. Various techniques have been reported to improve the water re-
sistance of PVA [31,32]. Our group recently prepared PVA/poly(methyl methacrylate–
methallyl alcohol) (P(MMA–MAA)) hydrophobic–hydrophilic blend films from a 
PVAc/PMMA blend film by heterogeneous saponification, which proved to be a prom-
ising candidate for various medical applications, such as drug delivery and wound 
dressing [33]. 

Similarly, in this study, we prepared saponified PVA/PVB blend films from 
PVAc/PVB blend films using our unique saponification method. Due to the hydrophobi-
city of PVB and the hydrophilicity of PVA, these blend films are generally difficult to 
fabricate owing to the variations in the solubility of cosolvents, poor compatibility be-

Figure 1. Chemical structure of poly(vinyl butyral) with the three different building blocks: vinyl
alcohol (0.2); vinyl acetate (m < 0.01); and polyvinyl butyral (n~0.8).

Among various polymers, PVAc exhibits good mechanical stability, and PVAc films
are easily prepared [15]. This synthetic polymer can be applied for various purposes, for
example, detecting gas, moisture, and humidity. PVAc films are commonly used for oral
drug delivery products as well as emission sensors for vehicles [16]. This type of polymer is
expected to be applicable as an adhesive for porous materials, mainly wood, paper, bones,
and cloth, and as a consolidation agent for sandstone [17].

PVAc has also been applied in medicine because of its biocompatibility. Because it
is an inert polymer, it does not cause harmful reactions in living tissue [18,19]. PVA is a
well-known water-soluble synthetic polymer for biomedical applications. Because of its
solubility pattern and easy degradability, PVA is also considered to be a green polymer. It
is compatible with various types of polymers, and it can be blended with various natural
materials to extend its applicability.

PVA with improved properties can be prepared by heterogeneous saponification.
For example, Yang et al. [20] prepared PVA/PVAc microspheres by heterogeneous sur-
face saponification of PVAc microspheres and studied the degree of saponification (DS)
in the presence of various nanoparticles. Lee et al. [21] also demonstrated a method of
preparing syndiotactic PVA/poly(vinyl pivalate/vinyl acetate) microspheres using a hetero-
geneous saponification system, and examined the DS in terms of particle size and particle
size distribution.

Our group has conducted the majority of the work on heterogeneous saponifica-
tion. We have generated nanocomposite microspheres [22,23], nanofibers [24], films [25],
and composite films [20]; in addition, several studies on heterogenous saponification are
underway. PVA has unique characteristics, such as hydrophilicity, biodegradability, bio-
compatibility, ease of processing, and high cytocompatibility [26–28]. It does not irritate the
skin and can adhere to soft tissues [29,30]. However, because of its high hydrophilicity and
water solubility, the skin adhesion strength of PVA films is lower than that of commercial
adhesives. Various techniques have been reported to improve the water resistance of
PVA [31,32]. Our group recently prepared PVA/poly(methyl methacrylate–methallyl alco-
hol) (P(MMA–MAA)) hydrophobic–hydrophilic blend films from a PVAc/PMMA blend
film by heterogeneous saponification, which proved to be a promising candidate for various
medical applications, such as drug delivery and wound dressing [33].

Similarly, in this study, we prepared saponified PVA/PVB blend films from PVAc/PVB
blend films using our unique saponification method. Due to the hydrophobicity of PVB
and the hydrophilicity of PVA, these blend films are generally difficult to fabricate owing to
the variations in the solubility of cosolvents, poor compatibility between the hydrophobic
matrix and hydrophilic polymer, and phase separation may occur during the film produc-
tion process [34,35]. The obtained saponified blend films had high surface areas, improved
water resistance (maximum water contact angle (WCA), 53.53◦), improved mechanical
properties (maximum breaking stress, 33.98 MPA), and improved flexibility (maximum
breaking strain, 16.99%), which are thought to be useful for various medical applications,
including wound dressing. These results are reasonable compared to those of other re-
ported PVA-based wound dressing materials [31,32,36–38]. Moreover, the prepared films
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with improved hydrophobicity can be used for various applications, such as in drug deliv-
ery [39], biomaterials [40], tissue engineering [41], filtration [42], food packaging [43], and
medical devices [37].

2. Materials and Methods
2.1. Materials

Vinyl acetate (VAc) was purchased from Sigma-Aldrich (Seoul, Korea). First, it was
cleaned using an aqueous NaHSO4 solution and distilled water. Next, anhydrous CaCl2
was used to dry the VAc. Finally, the VAc was distilled in a nitrogen atmosphere at
reduced pressure. PVB (Mw = 11,000) was purchased from Sigma-Aldrich. An initiator,
2,2′-azobis(2,4-dimethylvaleronitrile) (ADMVN), was acquired from Wako Co. (Tokyo,
Japan); before use, it was recrystallized twice. PVA (Mn = 127,000 g mol−1; DS = 88%) was
also purchased from Sigma-Aldrich. The NaOH, Na2SO4, and methyl alcohol (MeOH)
needed for the saponification reaction were obtained from Duksan Co. (Seoul, Korea).
MeOH was used as a solvent to prepare the blend films.

2.2. Preparation of PVAc

PVAc powder was prepared by suspension polymerization as described in our previ-
ous publication [20]. In a chemical reactor, VAc was polymerized in order to prepare the
PVAc resin suspension. A reactor (250 mL) was attached with a condenser, and a dispersing
agent was dissolved by continuous mixing in a nitrogen environment. After degassing
completion, the VAc monomer and the ADMVN initiator were introduced at 15 ◦C. Sub-
sequently, the temperature was raised to 60 ◦C. The reaction mixture was left to stand for
1 day after a predetermined reaction time in order to isolate the globular PVAc particles.

2.3. Preparation of PVAc/PVB Blend Films and Heterogeneous Saponified PVA/P(VB-VA) Films

Film solutions of neat PVAc and PVAc/PVB with blend ratios of 90/10 and 80/20
were prepared successfully using methanol according to the solution weight. The polymer
solution was kept at 10 wt. %. The prepared PVAc/PVB blend solution (10 g) was then
cast in a Teflon Petri dish (100 mm × 10 mm). After casting, the Petri dish was placed in a
vacuum oven at 35 ◦C to obtain a smooth surface. The prepared PVAc/PVB blend films
were then converted to PVA/P(VB-VA) films by heterogenous saponification [25].

Heterogeneous saponification of PVAc/P(VB-VA) films was carried out in a flask
equipped with a reflux condenser, a thermocouple, a dropping funnel, and a stirring device
to synthesize PVA/P(VB-VA) nanocomposite films. In total, 10 g of sodium hydroxide,
10 g of sodium sulfate, 10 g of methanol, and 100 g of water was required to induce
the saponification of the alkali solution. To prevent floating and twisting in the solution,
rectangular pieces of each PVAc/PVB film (size varied depending on characterization
method) were wrapped in mesh fabric by sewing. They were then placed into the flask
comprising the alkali solution. After the saponification reaction, they were taken out
of the flask, submerged in cold water, and left to precipitate for 1 min. After that, the
saponified film was completely water washed. The saponified film was then thoroughly
rinsed with water and dried at room temperature until completely dry. Except for NMR,
where 0–96-h-saponified films are utilized, all characterization was conducted using film
saponified for 72 h. PVB saponification is supported by another report, which showed the
effect of alkaline treatment on PVB by NMR analysis [44].

2.4. Mechanical Properties of Films

The film thickness (Table 1) was calculated using a thickness gauge (Digital Vernier
Caliper, Mitutoyo Korea Corporation, Daegu, Korea) at various points on each sample. Next,
mechanical testing was performed using a universal testing machine (Instron 5567, Korea)
according to ASTMD 638-96 type II requirements; the crosshead speed was 20 mm min−1.
A fixed load (500 kgf) and displacement (200 mm) were used. For each condition, three sam-
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ples (2 cm× 8 cm) were prepared, and the mean values of the three samples were calculated.
The elongation and tensile strength were calculated according to the literature [45].

Table 1. Weight and thickness of saponified and unsaponified films.

Film Sample Thickness (µm) Weight (g)

Pure PVAc 140 ± 6 0.12 ± 0.08
Saponified Pure PVAc 150.4 ± 9.34 0.08 ± 0.10

PVAc/PVB 90/10 160 ± 5.09 0.12 ± 0.11
Saponified PVAc/PVB 90/10 213.2 ± 5.31 0.07 ± 0.10

PVAc/PVB 80/20 168 ± 5.83 0.18 ± 0.13
Saponified PVAc/PVB 80/20 230 ± 8.83 0.11 ± 0.10

2.5. Surface Characterization of Films

The surface topography of the films was examined using optical microscopy (Olympus
CKX41SF, Olympus Corporation, Tokyo, Japan), and the surface roughness was measured
using atomic force microscopy (Park Systems NX20, Mannheim, Germany). The water
contact angle (WCA) was measured according to the literature [46] using a contact angle
meter (Dino-Lite, AM703MZT, Seoul, Korea).

2.6. Characteristics of Prepared Films

PVAc/PVB samples were prepared for proton nuclear magnetic resonance (1H-NMR)
analysis (AVANCE III 500, Bruker, Germany) by dissolution in d6-dimethyl sulfoxide. After
analysis, the DS was calculated from the 1H-NMR results according to the literature [25]. To
confirm the conversion of the PVAc/PVB films to PVA/P(VB-VA) films, Fourier transform
infrared (FTIR) spectroscopy was performed in a scan range of 400 to 4000 cm−1 at a
resolution of 4 cm−1. To confirm that PVAc/PVB was converted to PVA/P(VB–VA), X-ray
diffraction (XRD) analysis (D/Max–2500, Rigaku, Tokyo, Japan) was performed. During
scanning, the pressure and voltage were 40 mPa and 40 kV, respectively, and the scanning
speed was 4 ◦C min−1. Thermogravimetric analysis (TGA) (TA Instruments Q-50, USA)
was performed to study the thermal properties of the saponified and unsaponified films.
TGA was performed under a nitrogen atmosphere over a temperature range of 20–600 ◦C,
at a heating rate of 10 ◦C min−1.

3. Results and Discussion
3.1. Optical Microscopy

The optical microscopy images of the blend films in Figure 2 show that the PVAc
matrix has a comparatively smooth surface, and the PVB particles are uniformly distributed
(Figure 2a–c). Thus, there is strong interfacial adhesion between the two materials, which
increases the tensile strength [47]. After saponification, voids appeared in the polymer
matrix, and an unusual porous and uneven surface was obtained, which is expected to
be useful for various applications because of the large surface area [24,25]. However, the
tensile strength of all the saponified films does not decrease because PVAc is converted
to PVA, which is confirmed by our results from other analyses (XRD, FTIR, and 1H-NMR
measurements). At higher PVB contents, agglomeration occurred, which caused voids to
form in the polymer matrix. These voids and agglomeration resulted in poor interfacial
adhesion between the two components. As a result, the tensile strength decreased [48].
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Figure 2. Optical microscopy images of unsaponified (a) PVAc film, (b) PVAc/PVB 90/10 film, and
(c) PVAc/PVB 80/20 film and saponified (d) PVAc film, (e) PVAc/PVB 90/10 film, and (f) PVAc/PVB
80/20 film.

3.2. FTIR Spectroscopy

The structure of films with various blending ratios was evaluated using FTIR, as
shown in Figure 3. The spectra of all samples show the typical transmission features
of PVAc, as follows: C=O and C–O stretching between 1731 and 1733 cm−1 and other
peaks at 1433–1435 cm−1 (C–H), 1371–1372 cm−1 (C–H), 1227–1235 cm−1 (C–O), and
1019–1021 cm−1 [49]. The spectra of the PVAc/PVB blend films exhibit the characteris-
tic peaks of PVAc and PVB; the intensity of the characteristic peaks varies slightly with
the weight ratio of the components. The intensity of all peaks around 600–1732 cm−1

decreases gradually with increasing PVB content in the blends; however, no distinct peak
corresponding to PVB, for example, the –OH peak at 3486 cm−1, is identified, possibly
because of the relatively low PVB content compared to PVAc in the PVAc/PVB 90/10 blend
film. However, the vibration energy of –OH stretching is suppressed by steric hindrance
in the 80/20 blend film, which may be attributed to the crosslinked network structure of
PVB [50]. By contrast, all the films (pure PVAc/PVB and the 90/10 and 80/20 blends) show
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a significant change after saponification: broad bands appear at 3600–3200 cm−1 because of
O–H stretching induced by both intermolecular and intramolecular hydrogen bonds [51].
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Figure 3. FTIR spectra of various film samples at (a) 4000−500 cm−1 and (b) 3500−3000 cm−1.

The conversion of PVAc/PVB to PVA/P(VB–VA) caused the observed changes in
vibration bands. Minor changes in peak position and intensity at 500–2000 cm−1 are also
attributed to the formation of a PVA/P(VB–VA) film from a PVAc/PVB film. Figure 3b
shows that as the PVB content in the PVAc/PVB blend film increased (PVAc/PVB 80/20),
the O–H peak intensity decreased. The reason for this could be that both PVAc and PVB
saponification were affected by steric hindrance at higher PVB contents because of the
crosslinked network structure of PVB. Similar phenomena regarding the O–H peak intensity
were reported in P(MMA–MAA) blend films [33].

3.3. XRD Analysis

The XRD patterns of the saponified and unsaponified films are shown in Figure 4. The
PVAc sample shows the characteristic amorphous peaks at 2θ values of 13◦ and 22.5◦ [52].
The blend films show similar features. By contrast, the saponified PVAc sample shows a
sharp crystalline peak at 2θ = 19.8◦, which is characteristic of PVA and indicates that PVAc
was converted to PVA [24]. Other blend film samples showed a similar trend; however,
the diffraction peaks of saponified PVAc in the blend films are less intense at a higher
saponified PVB content (the saponified PVAc/PVB 80/20 film), and the peak position
is shifted slightly to lower values with increasing saponified PVB content. This result
demonstrates that an increase in saponified PVB content disrupted the primary hydrogen
bonds of PVA molecules and suppressed crystalline domain formation, thus decreasing
the crystalline order of PVA. The major hydrogen bonding interaction among PVA and
P(VB-VA) molecules may also have contributed to this phenomenon [53].
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Figure 4. XRD patterns of unsaponified and saponified PVAc, PVAc/PVB 90/10, and PVAc/PVB
80/20 films.

3.4. 1H-NMR Spectroscopy

Figure 5 shows the 1H-NMR spectra of the unsaponified and saponified pure PVAc
film and PVAc/PVB 90/10 and 80/20 blend films obtained at various saponification
times. The spectra reveal the conformational changes of PVAc to PVA and PVAc/PVB to
PVA/P(VB–VA), in good agreement with the FTIR results shown in Figure 3.

Table 2 shows the DSs of the PVA and blend films, which were estimated from the
ratio of the areas of the methyl and methylene proton peaks (observed at 1.74 and 1.4 ppm,
respectively) in the 1H-NMR spectra using the Mnova NMR program (AVANCE III 500,
Bruker, Germany). At saponification times of 48, 72, and 96 h, the presence of PVB did
not affect the DS of any of the films. For all the films, the methyl peak was clearly absent,
and the methylene peak appeared after saponification, indicating the successful conversion
of PVAc to PVA and PVAc/PVB to PVA/P(VB-VA) (Figure 5). That is, OCOCH3 in pure
PVAc and the PVAc part of the PVB structure were converted to the OH group of PVA. At a
saponification time of 24 h, the films were partially saponified. Interestingly, the CH3 peak
of PVB at 0.9 ppm became more intense after saponification because the CH3 concentration
increased after alkaline treatment of PVB, as the PVAc part of the PVB structure was also
saponified [54,55].

Table 2. DS of samples for various saponification times.

Film Sample 24 h 48 h 72 h 96 h

PVAc 81.98% 99.9% 99.9% 99.99%
PVAc/PVB 90/10 80.73% 99.9% 99.9% 99.99%
PVAc/PVB 80/20 50.24% 98.99% 99.99% 99.99%
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3.5. Thermal Analysis

The effect of saponification on the thermal stability of the pure PVAc film and PVAc/
PVB blend films with different ratios were examined by TGA and derivative thermo-
gravimetry (DTG), and the results are shown in Figures 6 and 7, respectively. The obtained
degradation temperatures are listed in Table 3. As shown in Figure 6a, the saponified PVAc
film showed higher thermal stability than the unsaponified PVAc film above the degrada-
tion temperature of 330.5 ◦C. The blend films exhibited similar behavior (Figure 6b,c).
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Table 3. TGA and DTG data of saponified and unsaponified PVAc films measured at a heating rate of
10 ◦C min−1. WLRmax, maximum weight loss rate.

Film Sample Char Yields
(%)

T3%
(◦C)

T10%
(◦C)

Tmax
(◦C)

WLRmax
(% min−1)

PVAc 6.09 273.43 296.85 315.78 2.05
Saponified PVAc 12.09 122.98 219.45 234.03 1.54
PVAc/PVB 90/10 5.04 265.31 295.79 314.81 1.86

Saponified PVAc/PVB 90/10 12.09 139.48 220.80 233.48 1.09
PVAc/PVB 80/20 6.43 271.65 298.35 317.81 1.87

Saponified PVAc/PVB 80/20 12.09 134.48 222.15 234.83 1.06
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The conversion of the methyl group of PVAc to the methylene group of PVA signifi-
cantly decreased the thermal stability of the films. For the neat PVAc films, 10% weight
loss occurred at approximately 296.85 ◦C; however, the value decreased to 219.45 ◦C after
saponification. The PVAc/PVB 90/10 and 80/20 blend films exhibited similar behavior.
In addition, the PVAc/PVB 80/20 films show slightly better thermal stability than the
films with other blend ratios in terms of T10% and Tmax, possibly because of the increase in
water-insoluble polymer network structure with increasing PVB content.

For the neat PVAc films, Tmax was 315.78 ◦C, and the maximum weight loss rate
was 2.05% min−1. For the saponified PVAc, the values were 234.03 ◦C and 1.54% min−1,
respectively. All the saponified film had similar Tmax values.

As shown in Table 3, similar char yields were obtained for the pure PVAc (6.09%)
and pure PVAc/PVB 90/10 films (5.04%), and the value increased for the pure 80/20 film
(6.43%) because of the higher PVB content. By contrast, all the saponified film showed the
same value (12.09%), possibly because the alkali-treated PVB does not affect the char yield
as it was also converted to P(VB-VA).

3.6. Mechanical Properties

Materials are expected to undergo different types of stresses during application; thus,
it is necessary to measure the mechanical properties to predict the performance of materials.
Figure 8 presents the characteristic stress–strain curves of the unsaponified and saponified
films, and the mechanical properties are summarized in Table 4. The elongation at break (εb),
ultimate tensile strength (σu), and tensile stress at break (σb) of the treated and untreated
PVAc/PVB blends and pure PVAc films were estimated.
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Table 4. Breaking stress and breaking strain of saponified and unsaponified film samples.

Film Sample Breaking Stress (MPa) Breaking Strain (%)

PVAc 15.29 ± 0.13 10.63 ± 0.20
Saponified PVAc 45.53 ± 0.25 86.32 ± 8.60
PVAc/PVB 90/10 24.72 ± 0.15 7.58 ± 0.17

Saponified PVAc/PVB 90/10 33.98 ± 0.19 16.99 ± 0.23
PVAc/PVB 80/20 23.40 ± 0.13 4.29 ± 0.19

Saponified PVAc/PVB 80/20 28.61 ± 0.16 6.31 ± 0.17

The stress–strain curve of the saponified pure PVAc film shows strain hardening and
necking. Strain hardening indicates increased resistance to distortion after extension and
the alignment of polymer chains in the saponified PVAc film; it is also affected by the
presence of PVB in the saponified PVAc/PVB blend films. The same behavior was also
observed in a PVA–polyethylene glycol–Ag2S hybrid polymer film [56].

Table 4 shows that the saponified PVAc film has the highest breaking stress
(45.53± 0.25 MPa), which may be ascribed to the strain-induced alignment of PVAc polymer
chain segments. Moreover, all the saponified films show higher breaking stress compared
to the unsaponified films, possibly because the films were stronger after saponification.
By contrast, all the saponified films had a higher breaking strain than the unsaponified
films. Overall, saponification improved the mechanical properties of all the studied films.
The reason may be the conversion of PVAc to PVA and PVAc/PVB to PVA/P(VB-VA)
in the films, which is attributed to the crystalline structure of PVA; by contrast, PVAc is
amorphous [57,58].

3.7. Contact Angle Measurements

To evaluate the wettability of the saponified and unsaponified films, the WCA was
measured. As shown in Table 5, the pure PVAc film had a WCA of 57◦, and the saponified
PVAc film had a WCA of 27.41◦; this difference results from the conversion of PVAc to
PVA, which is hydrophilic. The WCA increased significantly with increasing PVB content
in the PVAc/PVB blend films. The WCAs of nearly 70.54◦ and 76.54◦ for the PVAc/PVB
90/10 and PVAc/PVB 80/20 films indicate their high water resistance. A comparison with
the contact angles of the pristine PVAc and PVAc/PVB blend films indicates that blending
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PVB with PVAc can enhance the water resistance of PVAc. The reason for this is that PVB
itself is hydrophobic, although it is composed of multiple hydrophilic groups [59]. All the
saponified films exhibit similar behavior; in addition, they are all more hydrophilic than
their unsaponified counterparts. The increased hydrophilicity of the saponified films results
from the conversion of PVAc and PVAc/PVB to PVA and PVA/P(VB–VA), respectively, as
PVA is hydrophilic [60].

Table 5. WCA of saponified and unsaponified film samples.

Unsaponified Film Contact Angle (◦) Saponified Film Contact Angle (◦)

PVAc 57.68 PVAc 27.41
PVAc/PVB 90/10 70.54 PVAc/PVB 90/10 39.03
PVAc/PVB 80/20 76.54 PVAc/PVB 80/20 49.14

PVB 69.19 - -

4. Conclusions

Saponified PVA and PVA/PVB films with blend ratios of 90/10 and 80/20 and various
DSs (81.98–99.99%) were prepared from PVAc/PVB films at saponification times of 24, 48,
72, and 96 h at 50 ◦C. The conversion of PVAc/PVB to PVA/P(VB-VA) was confirmed by
1H-NMR. All the saponified films showed an unusual porous and uneven surface, which
is expected to be useful for medical applications. Additionally, saponification improved
the mechanical properties of all the studied films. The saponified PVAc film showed the
maximum breaking stress (45.53 ± 0.25 MPa); however, the breaking stress was reduced
by the presence of PVB in the saponified PVAc/PVB 90/10 and 80/20 blend films (to
33.98 ± 0.19 and 28.61 ± 0.16 MPa, respectively). Because the –OCOCH3 of PVAc was
converted to the –OH of PVA, the thermal stability of the films was significantly lower after
saponification; however, the saponified films showed greater thermal stability compared to
the unsaponified films above the degradation temperature of 330.50 ◦C. The enhanced ther-
mal properties of the prepared saponified PVA/PVB films were also revealed by the lower
maximum weight loss rate (1.54 to 1.06% min−1) compared to unsaponified PVA/PVB
films (2.05–1.87% min−1). The experimental results indicate that DS (81.98–99.99%) varies
with reaction time under the same saponification conditions, and the detailed structure of
PVA film can be established using XRD studies. The characteristic O-H peak at 2θ = 19.8◦

and broad bands appearing at 3600–3200 cm−1 in XRD pattern and FTIR spectra provide
further evidence of the conversion of the PVAc/PVB to PVA/P(VB-VA). The WCA values of
the prepared saponified PVA/PVB films (27.41–49.14◦) compared to prepared unsaponified
PVA/PVB films (57.68–76.54◦) reveal that hydrophilicity increased after saponification
because of the conversion of PVAc to PVA; however, the hydrophobicity increased with
increasing PVB content. Finally, the saponified PVA and PVA/P(VB-VA) films with in-
creased hydrophobicity show promise for applications in drug delivery, biomaterials, tissue
engineering, filtration, food packaging, and medical devices.
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