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Abstract
This work approaches the effects of a synthetic nanofiller on poly(vinyl alcohol)/poly(vinylpyrrolidone)/zirconium phosphate 
(PVA/PVP/ZrP) nanocomposites searching its future application as control drug delivery. ZrP was synthesized by reaction 
of phosphoric acid and zirconium (IV) oxide chloride 8-hydrate (ZrOCl2·8H2O). Nanocomposites with fixed amount of ZrP 
(2 mass%) and three different blend proportions were studied. Structural, miscibility, thermal, and crystallographic diffrac-
tion and dynamic-mechanical characteristics were assessed. For all nanocomposites, wide-angle X-ray diffraction showed 
changes for the ZrP diffraction pattern with the amount of PVA leading to an intercalated structure. Infrared spectroscopy 
(FTIR) revealed strong interaction between PVA and ZrP. It was observed that ZrP collaborates with the improvement in 
PVA thermal stability. For all nanocomposites, PVA crystallinity degree, cold crystallization, and melting temperatures were 
reduced. Storage modulus increased showing reinforcing action of ZrP. Miscibility study by dynamic mechanical analysis 
induced to infer that the PVP-rich nanocomposite formed a polymeric miscible system.
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Introduction

The increase in world polymer consumption led to a demand 
for better systems to provide products with better perfor-
mance, which directed to the development of multiphase 
systems like blends, alloys, and composites. The identifica-
tion of blends was not always possible, as some polyolefins 
suppliers, for example, usually mix polymers to maintain 
polymer specification and these are sold as single resins. The 
reason for blending emerged from a necessity to toughen 
rigid resins or increase rigidity of soft polymers. Over the 
years, the studies to understand the behavior of polymer 
blends intensified in a way to provide materials with lower 
cost [1, 2].

Poly(vinyl alcohol) (PVA) is a synthetic polymer synthe-
sized by chemical modification of poly(vinyl acetate) with 

outstanding properties like non-toxicity, biocompatibility, 
water solubility, and chemical and thermal stability [3]. 
Its application as a paper coating, adhesives, and colloid 
stabilizer is widespread [4]. With the advent of the nano-
technology and due to its biologic compatibility, PVA has 
been studied a lot in the development of systems devoted to 
control drug delivery. Additionally, it finds application in 
the medical sector as dialysis membranes, wound dressing, 
artificial skin, cardiovascular devices, and so on [5–7].

Poly(N-vinyl-2-pyrrolidone) (PVP) is also a synthetic 
polymer. It is a nonionic vinyl polymer with amphiphilic 
character due to its chemical structure with hydrocarbon 
main chain and pyrrolidone pedant group [8]. Indeed, it 
imparts special characteristics and unique combination 
of properties such as good solubility in water and organic 
solvents, great interaction with several organic and inor-
ganic compounds, high biocompatibility, and non-toxicity 
among others. Szczerba et al. described the strong interac-
tion between PVP and smectites. However, the nanofiller 
addition may reduce or even avoid polymer interaction [9]. 
PVP has been widely used as additive in applications such 
as medical health, polymeric modifier, and excipients in 
pharmaceuticals [4, 6, 10, 11]. Also, it is used in studies for 
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topical skin application for transdermal drug delivery, drug 
release control, and drug diffusion [6, 7, 12].

It is quite known the compatibility between PVA and 
PVP, particularly for production of new biomaterials because 
of its good compatibility. Pedant pyrrolidone ring attached 
to PVP structure is a proton-accepting group and thus may 
interact with PVA hydroxyl leading to the hydrogen-bonding 
formation. Also, both polar side groups in polymer chain 
allow solubility in water. These characteristics suggest that 
PVA/PVP system may be miscible. However, it is not clear 
the effect of the insertion of nanofillers, once it may lead 
to a strong linkage with any of the polymers or avoid chain 
interaction between then [8, 13, 14].

The study of polymer nanocomposites is more and more 
disseminated in the academic and industrial sectors. In this 
context, the nanoparticles assume an important role to solve 
demands in the short term and long term. Their feasible 
structure, size, stability, and dispersion in the polymeric 
matrix are responsible for the improvement of properties 
and performance. Thus, the synergism between polymer 
and filler creates hybrids and advanced materials with new 
abilities [15–18]. Similar to phillosilicates, synthetic lamel-
lar phosphates gained importance as a substitute to natural 
clays, which the α-zirconium phosphate (α-ZrP) was the 
pioneer, and it has been intensively studied in the last years 
due to the intrinsic properties. Its crystalline structure is 
arranged by overlapped layers of the zirconium atoms con-
nected to the oxygen and phosphate groups, where among 
interlayer the interlayer sheets, P–OH acid groups are avail-
able to accomplish direct Bronsted acid–base reaction with 
basic compounds, like amines. The degree of saturation is 
responsible for the arrangement of the molecules inside the 
phosphate layers that possess high aspect ratio and high cat-
ion exchange capacity (CEC). With the insertion of guest 
molecules, intercalated and exfoliated structures are reached 
promoting interaction enhancement between polymers and 
the nanofiller [19–23].

Thinking as a promising material for drug delivery sys-
tem, we developed PVA/PVP/ZrP nanocomposites. Herein, 
the focus was to investigate the effect of the ZrP nanofiller 
on the miscibility, thermal, and crystallographic diffraction 
and dynamic-mechanical properties of the nanocomposites. 
Detailed characterization was performed.

Experimental

Materials

Poly(vinyl alcohol) (PVA) (99% hydrolyzed; density of 
1269 kg m−3) and poly(N-vinyl-2-pyrrolidone) (PVP) (aver-
age mol. Wt. 40,000) both from Sigma-Aldrich were used as 

received. Phosphoric acid (H3PO4) and zirconium (IV) oxide 
chloride 8-hydrate (ZrOCl2·8H2O) were provided by Vetec.

Synthesis of layered zirconium nanofillers (ZrP)

According the method described and used by Albert et al. 
and Mendes et al., nano-zirconium phosphate was synthe-
sized. With P/Zr ratio equal 18, a mixture of phosphoric 
acid (H3PO4) and zirconium (IV) oxide chloride 8-hydrate 
(ZrOCl2·8H2O) was kept under reflux, during 48 h; sequen-
tially, the precipitated was centrifuged, washed with dis-
tilled water until pH of 6, frozen at − 80 °C, during 24 h and 
finally lyophilized for 4 days [20, 24].

Nanocomposites preparation

Water solution blends of PVA and PVP (PVA/PVP) at differ-
ent mass ratios (30/70, 50/50, and 70/30 mass/mass%) were 
prepared dissolving separately PVA and PVP in deionized 
water, at 60 °C, with stirring, until complete dissolution. 
Following, the solutions were mixed. After that, a certain 
amount of ZrP was dispersed in deionized water in order to 
produce nanocomposites with 2 mass% of nanofiller. The 
ZrP dispersion was added dropwise to the blend solution, 
kept under stirring for 40 min. Nanocomposite films were 
obtained by pouring its solution onto Petri dishes, dried 
overnight in an oven, at 60 °C. For comparison, PVA and 
PVP films were prepared.

Thermogravimetry/derivative thermogravimetry 
(TG/DTG)

Thermogravimetric curve was obtained using a TA 
Q500 thermogravimetric analyzer from 0 to 700  °C, at 
10 °C min−1, using nitrogen as carrying gas. T50 (tempera-
ture of 50% loss mass) and Tm (temperature of maximum 
degradation rate) were detected.

Differential scanning calorimetry (DSC)

According to the ASTM D3418 and assisted by TA Instru-
ments Q1000 differential scanning calorimeter (DSC), the 
calorimetric properties were determined. First, the sample 
was heated from 0 to 240 °C, at heating rate of 10 °C min−1 
and kept for 1 min in order to eliminate the thermal his-
tory. After that, a cooling cycle at equipment maximum rate 
was carried out. Following, a second heating cycle was per-
formed at the same conditions as the first one, and then, a 
second cooling cycle at 10 °C min−1 was conducted. Finally, 
a third heating cycle similar to the first one was carried out. 
When possible, the cold crystallization temperature (Tc) and 
crystalline melting temperature (Tm) were taken at second 
cooling and third heating cycles, respectively. Degree of 
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crystallinity (Xc) was calculated considering the enthalpy of 
fusion (ΔHm) of the third heating cycle applying the Eq. (1) 
[25]. ΔHm (J g−1) is the experimental melting enthalpy, 
ΔH°m (J g−1) is the melting enthalpy of PVA 100% crys-
talline equal to 152 J g−1 [26, 27], and ϕ is the filler mass 
fraction in the nanocomposites. The value was normalized 
according to the blend composition and filler content.

Wide‑angle X‑ray diffraction (WAXD)

The WAXD analysis was carried out in a Rigaku 
Ultima IV diffractometer with CuKα radiation (wave-
length = 1.5406  Å), at 40  kV, 20  mA, and 2θ varying 
between 2 and 35° (resolution of 0.05°). The interlamel-
lar spacing was calculated according to the Bragg’s relation 
( � = 2d sin θ) and the crystal size by Scherrer equation.

Dynamic mechanical analysis (DMA)

Storage modulus (E′), loss modulus (E″), and tangent delta 
(tan δ) were determined using a TA Instruments Q800 
instrument in tension film mode through rectangular speci-
men with dimensions of 13 × 9 × 0.45 mm, from − 50 to 
200 °C, heating rate of 3 °C min−1 and frequency of 1 Hz. 
Fox’s equation (Eq. 2) was used to help the evaluation of the 
blend glass transition temperature (Tg) where w1, w2, Tg1, 
and Tg2 are PVA and PVP polymer mass fractions and their 
glass transition temperatures, respectively [28].

In order to assess the miscibility degree of the polymer 
blends, Eqs. (3) and (4) are adapted from the works of San-
tana et al. and Al-Jabareen et al. on PET/PC and PC/ABS 
blends, respectively [29–31]. The abbreviation definitions of 
Eqs. (3) and (4) are summarized in Table 1.
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Infrared spectroscopy (FTIR)

FTIR analysis was performed in a Perkin Elmer equipment 
model Frontier using ATR assembly mode, ranging from 
4000 to 500 cm−1, 60 scans, and 4 cm−1 of resolution.

Results and discussion

Wide‑angle X‑ray diffraction

Figure 1 presents the X-ray diffraction patterns of PVA, PVP, 
ZrP, and PVA/PVP/ZrP nanocomposites. PVA diffractogram 
exhibited hkl diffraction angle at 2θ = 19.8° (110) with crys-
tal size of 63.79 Å. This plane was attributed to the extended 
crystallites of zig–zag planar chain direction as reported 
by Eisa et al. [15]. PVP diffraction patterns showed a halo 
characteristic of amorphous polymer analogous to found by 
Mendes and collaborators [32]. ZrP presented 2θ angle at 
12.35º (hkl 002) with dspacing of 7.16. These parameters are 
similar to those found in several works on ZrP synthesis 
and characterization [33–35]. Concerning to diffraction pat-
terns of the nanocomposites, alterations of PVA and ZrP hkl 
planes were noticed (Table 2). Sharply PVA diffraction peak 
decreased intensity, and its crystal size showed tendency to 
diminish. ZrP basal plane (hkl) changed (see black arrows). 
For the nanocomposite PVA/PVP/ZrP (70/30/2 mass/mass/
mass%), the pristine ZrP hkl plane was completely destroyed 
and new diffraction angle appeared at 2θ = 11.3°. Also, ZrP 
original basal plane was damaged for the nanocomposites 
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Table 1   Abbreviation 
definitions of Eqs. 3 and 4

Abbreviation Definition

TgPVA Glass transition temperature of pristine PVA in Kelvin degree
TgPVP Glass transition temperature of pristine PVP in Kelvin degree
T″gPVA Glass transition temperature of PVA-rich phase in Kelvin degree
T′gPVP Glass transition temperature of PVP-rich phase in Kelvin degree
w′PVA Estimated apparent mass fraction of PVA in the PVP-rich phase
w″PVP Estimated apparent mass fraction of PVP in the PVA-rich phase
εPVA PVA participation effectiveness degree on the PVP-rich phase
εPVP PVP participation effectiveness degree on the PVA-rich phase
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PVA/PVP/ZrP (50/50/2 and 30/70/2 mass/mass/mass%) 
showing new diffraction angles at (8.85 and 11.05°) and 
(11.1 and 11.55°), respectively. Gardolinski et al. accom-
plished the pre-intercalation of kaolinite with dimethyl sul-
foxide (DMSO). Its structure was partially destroyed and 
a new intercalated plane was observed at low angle [36]. 
Nylon-6 montmorillonite nanocomposite kept its morphol-
ogy independent on the preparation process as reported by 
Fong et al. [37]. Wu and co-workers [38] pointed out the 
action of saponite and montmorillonite on the nylon-6 pol-
ymorphic behavior. In their work on the montmorillonite/
mica filling up poly (lactic acid) nanocomposites, Chang 
et al. [39] reported the absence of exfoliation. The occur-
rence of interaction between hydroxyl groups along the PVA 
chain and P–OH groups attached to the ZrP structure could 
explain the damage of the original ZrP diffraction angle 
and the appearance of new crystallographic plane at low 
angle. ZrP possesses lamellar arrangement with nanometric 
dimension, and into its interlamellar region, P–OH groups 
are attached. During the nanocomposite preparation, blend 
solution permeated the filler galleries. We believe that there 
is a competition between PVP and ZrP to get hydrogen bond 
with PVA. Although studies indicate that PVP could form 
hydrogen bond with PVA, herein we supposed that pref-
erentially OH side groups of PVA interacted with P–OH 
of ZrP leading to the damage of the phosphate crystalline 
organization. It is reasonable to infer that part of PVA is 
placed inside of ZrP galleries. A schematic representation 
of hydrogen bond formation between OH groups attached 
in PVA and ZrP is shown in Fig. 2.
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Fig. 1   WAXD patterns of the PVA, PVP, ZrP, and nanocomposites

Table 2   Crystallographic data of PVA and ZrP/pristine and in the 
nanocomposites

2θ/° dspacing/Å Crystal size/Å

ZrP 12.35 7.16 391
PVA 19.8 – 63.79
70/30/ZrP PVA—19.8 – 61.22

ZrP—11.3 7.82 –
50/50/ZrP PVA—19.8 – 47.09

ZrP—8.85 and 11.05 9.98 and 8.00 –
30/70/ZrP PVA – –

ZrP—11.1 and 11.55 7.96 and 7.65 –

ZrP

PVP

PVA

C POH O N H

P
O

O

C

H

H

Fig. 2   Schematic representation of hydrogen bond formation between PVA and ZrP
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Fourier‑transform infrared spectroscopy (FTIR)

Figures  3 show full FTIR spectra and spectral region 
(1300–800 cm−1) of the samples. They are ratified by works 
developed on PVA/PVP blends and composites involving 
the homopolymers and blends [32, 40–44].

Let us focus on evaluating the nanocomposite spectra com-
paring to the pristine components. At 3500–3000 cm−1, PVP 
and ZrP change their outline. In this region, they separately 
present hydrogen bond with water molecules, but when they 
were mixed together, this interaction was lost. In this spec-
tral region, the nanocomposite spectra resembled the PVA 

Fig. 3   Full FTIR spectra (a) and 
spectral region 1300–800 cm−1 
(b) of the PVA, PVP, ZrP, and 
PVA/PVP/ZrP nanocomposites
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one [45] as reported by the absorption peak at 1141 cm−1 
associated with the PVA crystalline portion. Herein, band 
intensity tends to diminish from the PVA-rich nanocompos-
ite to the poor one composite. The PVA C–C–O stretching 
at 1088 cm−1 was enlarged and sharply shifted to 996 cm−1 
for the nanocomposite PVA/PVP/ZrP (70/30/2 mass/mass/
mass%). Displacement of the PVA C–C–OH stretching from 
1100 to 1124 cm−1 in PVA/PVP blend doped with CdCl2 was 
described by Baraker and Lobo [46]. The authors attributed 
this change to the involvement of PVA hydroxyl group in the 
reduction process, conjugation, and co-ordination among Cd2+ 
ions and OH− ions. The ZrP absorptions at 1250, 1070, 1050, 
and 970 cm−1 are superimposed by PVA ones. The band at 
970 was shifted to 950 cm−1. Highly electronegative, the pyr-
rolidone group attached to the PVP structure is a good proton 
acceptor [15]. It was expected its intense interaction with PVA 
and ZrP due to its ability to form intramolecular/intermolecu-
lar hydrogen bond. If it happens, it was less predominant than 
PVA/ZrP interaction since there was no displacement in PVP 
main absorptions bands. As postulated in the X-ray diffraction 
evaluation, the changes that occurred in the FTIR spectra were 
mostly due to the strong interaction between PVA hydroxyl 
groups and P–OH of the ZrP.

Thermogravimetry (TGA) and differential scanning 
calorimetry (DSC)

Thermogravimetry (TGA)

Figure 4 presents the loss mass and derivative curves of 
the nanocomposites. Table 3 illustrates the thermal proper-
ties. PVA showed three degradation steps. The first one was 
attributed to the release of adsorbed water. The intermediate 
step was associated with the dehydroxylation reaction of the 
side hydroxyl groups. The last one was assigned as backbone 
degradation. Betti reported two degradation steps of PVA 
in oxidative atmosphere [47]. Three degradation steps were 
observed by Ravindra et al. using nitrogen as carrying gas in 
their work on PVA/PVP/vanillin composites [48]. In this work, 
two degradation steps were registered for PVP. They were 
ascribed to the adsorbed water and polymer backbone degrada-
tion, respectively. The works of Elashmawi and Abdel Baiethn 
[49], Mendes et al. and Abou Taleb endorsed the findings [32, 
43]. Similar to PVA, all nanocomposites curves exhibited three 
degradation steps. By analogy, the initial and intermediate 
steps were related to the release of adsorbed water and dehy-
droxylation reaction of PVA chains, respectively. The final 
one was associated with the degradation of chain backbone 
of PVA and PVP, respectively. The effect of filler on blends 
thermal characteristics was evaluated by T50—temperature in 
that 50% of loss mass happened—and Tmax—temperature of 
the maximum degradation rate. Despite the blend composi-
tion, the presence of ZrP displaced T50 to higher temperature. 

For PVA-rich blend, the ZrP showed strong effect on Tmax 
dislocated it to higher temperature, while the blend rich in 
PVP the maintenance of Tmax was noticed. Mondal et al. [42] 
pointed out an improvement in PVA thermal stability in the 
presence of PVP due to hydrogen bonding. The enhancement 
of thermal stability of PVA/PVP blend filled with LiBr was 
reported by Abdelrazek an co-author [50]. In their investiga-
tion of PVA/PVP/hydroxyapatite composite, Elashmawi et al. 
observed the decrease in thermal stability of the blend system 
[49]. Independent on the blend composition, the PVA compo-
nent was strongly affected by ZrP. The step of dehydroxylation 
and backbone degradation was shifted to a higher temperature. 
The results agree with those of the WAXD and FTIR sections.

Differential scanning calorimetry (DSC)

Figure 5 and Table 4 show the third heating cycle DSC 
curves and calorimetric properties of the PVA, PVP, and 
nanocomposites, respectively. PVA curve exhibits some dis-
turbance below 100 °C attributed to its glass transition tem-
perature (Tg) and also crystalline melting temperature Tm 
at 226 °C. Around 150–200 °C, the fluctuation observed in 
the PVP curve was associated with its Tg. Between 100 and 
150 °C, all nanocomposites curves presented fluctuations 
assigned as Tg for the blend. The glass transition temperature 
of all samples will be evaluated in detail in the DMA topic. 
Concerning to PVA cold crystallization temperature (Tcc), it 
was seen at 200 °C. For the nanocomposites, this transition 
only was detected around 190 °C for PVA/PVP/ZrP 70/30/2 
mass/mass/mass%. PVA melting peak appeared for PVA/
PVP/ZrP with 70 and 50 mass% of poly(vinyl alcohol). In 
the investigation on PVA/PVP (50/50 mass/mass%) blend, 
Abdelrazek et al. [50] reported that PVA melting peak did 
not appear by addition of lithium bromide. Razzak and co-
workers [51] revealed the decrease in PVA melting tempera-
ture as the blend was enriched by PVP. Concerning to PVA 
crystallinity degree, it decreased in the nanocomposites with 
70 and 50 mass% of PVA while that one with lower amount 
of PVA was amorphous. The addition of Na-montmorillonite 
as filler in PVA/PVP blend induced the decrease in PVA 
crystallinity degree as pointed out by Mondal et al. [42]. 
Lewandowska [28] studied miscibility of blend based on 
crystalline polymer (PVA) and amorphous one (PVP). Its 
results indicated the lowering of PVA crystallinity degree 
according to the PVP amount. Patil et al. found an increase 
in crystallinity degree in PVA/PVP/CoCl2 composite by 
action of cobalt chloride [52]. Although it has been used 
X-ray diffraction to measure PVA crystallinity degree, 
Hemalatha et al. pointed out that cupric sulfate increased 
the amorphousity of the polymeric matrix [53]. Herein, we 
associate the changes in PVA calorimetric properties with 
its interaction with P–OH groups of the ZrP. Indeed, this 
retards the PVA crystallization rate and in the case of the 



325Investigation on miscibility, thermal, crystallographic diffraction and dynamic‑mechanical…

1 3

nanocomposite with the lower content of PVA the crystal-
lization process was avoided. This behavior could induce the 
improvement in the blend miscibility. 

Dynamic mechanical analysis (DMA)

Figure 6 displays the storage modulus (E′), loss modulus 
(E″), and tangent delta (tan δ) curves of the PVA, PVP, and 
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nanocomposites. Table 5 arranges the dynamic-mechani-
cal data. Nanocomposites with 70 and 50 mass% of PVA 
showed the highest E′ values indicating that ZrP acted 
as reinforcing filler. With 30 mass% of PVA, E′ value is 
located between precursors. With respect to E″, the behav-
ior was similar. Tangent δ of PVA displays one relaxa-
tion peak near to 55 °C associated with its glass transition 
temperature (Tg). There is discrepancy on the assignment 
ofTg value of the 99% hydrolyzed PVA. For PVA sup-
plied by different sources but with similar molar mass 
and 99% hydrolyzed, Roohani et al. reported two glass 
transition temperatures (Tg) values at 40 and 48 °C [54]. 
High Tg value (92 °C) was registered by Lewandowska in 
the work on poly(vinyl alcohol)/chitosan mixtures [55]. 

Chiellini assigned the Tg of PVA at 27 °C in his inves-
tigation on composite based on poly(vinyl alcohol) and 
sugar cane bagasse [56]. PVA sample annealed at different 

Table 3   TGA data of PVA, PVP and PVA/PVP/ZrP nanocomposites

Thermal char-
acteristic

PVA PVP PVA/PVP/ZrP nanocomposites

70/30 50/50 30/70

T50/°C 298 411 379 393 408
Tmax/°C 265 420 361/430 367/425 371/420
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Fig. 5   DSC curves of PVA, PVP, and PVA/PVP/ZrP nanocomposites 
(third heating scan)

Table 4   Cold crystallization and melting temperatures (Tcc and Tm) 
and crystallinity degree (Xc) of the PVA, PVP and PVA/PVP/Zr 
nanocomposites

Calorimetric 
characteristic

PVA PVP PVA/PVP/ZrP(2%) nano-
composites

70/30 50/50 30/70

Tcc/°C 200 – 190 – –
Tm/°C 226 – 220 211 –
Xc 52 – 27 7,2 –
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Fig. 6   Storage modulus, loss modulus, and tangent delta of PVA, 
PVP, and PVA/PVP/ZrP nanocomposites



327Investigation on miscibility, thermal, crystallographic diffraction and dynamic‑mechanical…

1 3

temperatures showed Tg around 76 and 82 °C as reported 
by Betzabe Gonzalez-Campos and co-authors [57]. PVP 
showed its Tg at high temperature (184  °C). Sakurai 
et al. [58], Feldstein et al. [59], and Hancock et al. [60] 
published in their works PVP Tg values at 175, 179, and 
185 °C, respectively, Tanδ curves of PVA/PVP/Zr, 70/30/2 
and 50/50/2, presented two Tgs related to the PVA and 
PVP phases. The relaxation values are too different those 
calculated from Fox’s equation. Indeed, these nanocom-
posites are partially miscible polymeric systems. Sharp 
and broadened single peak was noticed for PVA/PVP/ZrP 
30/70/2 nanocomposite with maximum at 149 °C. This 
value is quite near of that calculated from Fox’s equation 
(144 °C). Then, it is reasonable to deduce that a miscible 
polymeric system was reached. Also, there are divergences 
on the assignments of the glass transition temperature of 
PVA/PVP blends. Through differential scanning calorim-
etry (DSC), PVA/PVP (50/50 mass/mass%) blend showed 
a unique Tg at 98 °C as pointed out by Elashmawi and 
co-worker [49]. Lewandowska [28] published Tg values 
of PVA/PVP blend films quite different to each other and 
with great deviation of the Fox’s equation using differen-
tial scanning calorimetry and dynamic mechanical analy-
ses. Rajeswari et al. [61] reported Tg at around 60 °C in 
their study on PVA/PVP 50/50 mass/mass% blend and 
composites with CH3COONH4 electrolyte. The effect of 
variable sericin concentration on the properties of PVA/
PVP (50/50 mass/mass%) blend was carried out by Rame-
san et al. [62]. According to them, the Tg of the blend was 
located at around 114 °C. Disagreements could be attrib-
uted to the variable properties of the precursor polymers, 
sample preparation, different measurement techniques, 
erroneous assignments, and so on. Considering our inves-
tigation about miscibility interphases, we get in different 
blends values of εPVA greater than εPVP. This means that 
the participation effectiveness degree of PVA on PVP-rich 
phase was superior of that PVP on the PVA-rich phase. 
Considering the amorphous morphology and lower molar 

mass of PVP, we expected the reverse behavior. This could 
be associated with the strong interaction between PVA and 
ZrP as previously postulated.

Conclusions

PVA/PVP/ZrP nanocomposites were prepared and the effects 
of ZrP on the structural, thermal, molecular mobility, and 
miscibility were assessed. PVA infrared C–C–O absorption 
peak was shifted to lower wavelength. For any polymer com-
position, PVA thermal degradation steps were displaced to a 
higher temperature. Independent on the blend composition, 
ZrP crystalline arrangement was damaged. PVA calorimetric 
properties were altered. On the contrary, we expected, the 
participation effectiveness degree of PVA on PVP-rich phase 
was superior to that PVP on the PVA-rich phase. Herein, this 
evidence led to the belief that preferentially the formation of 
hydrogen bond between PVA and ZrP occurred. Promising 
results were achieved in the searching for a new material 
applicable in control drug delivery system.
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