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ABSTRACT

Polyvinylpyrrolidone (PVP) composites based on rice husk (RH), rice husk carbon (RHC, i.e., black rice husk ash 
(BRHA)) and rice husk ash (RHA, i.e., white rice husk ash (WRHA)) were prepared separately through solution 

casting method. Similar composites were made using polystyrene (PS) through the same protocol. The carbon and ash 
obtained from this type of rice husk were obtained via pyrolysis at 300 and 600°C, respectively, for 1 hour. The effects 
of these additives on the spectroscopic characteristics of polymers were verified by examining the infrared (FT-IR) and 
X-ray diffraction (XRD) spectra of the prepared composites. The resulting showed a remarkable difference between 
the spectra of parent polymers and the corresponding composites. Changes in peak width and 2θ parameters (observed 
in XRD patterns) revealed that PVP possesses better interactions with RHC, while PS has better interactions with 
RHA. Due to the high hydrophilicity of PVP, some investigations were accomplished on the hydrophilic properties 
of PVP samples. Polystyrene did not reveal detectable water vapor absorption (WVA), thus this experiment was not 
carried out for PS samples. Eventually, it was disclosed that there are significant discrepancies between the hydrophilic 
properties of PVP and its composites. In the other word, the WVA decreased from 290% for parent PVP to 210% for 
PVP-RHC composite. Polyolefins J (2023) 10: 45-57
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INTRODUCTION

Nowadays, rotational molding is taken into consideration  
Preparation of composites as multi-phase and multi- 
component materials is a versatile and applicable method 
to improve material properties, including thermal [1,2], 
mechanical [3,4,5], electrical [6,7-9], barrier [10], and 
many other characteristics of polymers.

In addition to the methods of melt mixing, electrospinning 
and in-situ polymerization, solution casting is also one  

of the most common and simple methods for preparing  
polymeric composites. In this procedure, the well- 
distributed solution of additives in polymer is subjected 
to solvent evaporation at the suitable temperature for 
the fabrication of the desired composite. For example, 
this method was employed to prepare the composites of 
polyvinyl alcohol/polyethylene oxide/LiOH [11], poly-
methylmethacrylate/nanographite [12], starch/kaolin/ 
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cellulose fibers of rice husk [13], polyvinylidene fluoride 
/reduced graphene oxide [14], polymethyl methacry-
late/graphene oxide [15], and polyhydroxybutyrate/ 
cellulose/calcium carbonate [16].

Polyvinylpyrrolidone is soluble in water and  
biological fluids, which is known as a non-toxic and 
non-digestible substance. Therefore, it is widely used 
in many pharmaceutical and medical applications. As 
hydrophobic PVP composites have been studied in 
Ref. [50], for the application of PVP in some medical  
purposes, it is sometimes necessary to reduce the  
hydrophilicity of this polymer. As a result, PVP is widely 
used to provide composites [17], nanocomposites [18],  
bio-composites [19] and in the structure of many catalysts 
with interesting performance [20]. In another research  
study, chitosan/PVP composites were studied as  
hemostatic materials for using in blood coagulation  
and hemostasis applications, which their hydrophilicity 
is an important issue [21]. 

Polystyrene is an important general purpose poly-
olefin employed in numerous industrial and research  
applications, among these, we can mention PS composites 
with their amazing applications. Investigation of the 
electrical, mechanical, and biological characteristics 
of polystyrene composites has been the subject of 
many articles [22-24]. Ighalo et al. investigated the 
thermal behavior, microstructural characteristics and 
moisture absorption of rice husk waste-incorporated 
PS composites [25]. 

Incorporation of biomaterials, for example, abundantly  
available plant wastes, into polymer matrices has  
attracted increasing attention. This prevents the  
excessive consumption of non-renewable resources 
and leads to environmental conservation. Natural  
filler/polymer bio-composites have revealed multiple 
advantages of renewability, low cost and density, 
chemical modification ability, biodegradability and 
non-toxicity. These bio-composites have been found 
to possess the potential to be used in different fields 
such as structural utilizations [26-28]. For example, 
ash materials originating from natural wastes such as 
rice husk ash have been used as cost-effective fillers  
as well as in various catalytic systems. RH is an  
agricultural waste, which is abundantly produced in 
the rice-related industries. Making composites from 
this biofiller is an important way to use agricultural 

waste without visible environmental problems. [29]. 
Rice husk [30], its derivatives [31] and its composites  
[32] have been successfully employed to remove  
contaminations from various solutions as well as to 
amend water absorption and curing behavior of concrete 
[33]. Also, rice hull has been used for reinforcing 
polyolefins such as polypropylene and polyethylene 
[34]. The above explanations show the importance of  
using biological materials in protecting the environment. 
Thus, the rice husk and its carbon and ash derivatives 
were used as bio-additives to improve the spectro-
scopic characteristics (FT-IR and X-ray diffraction 
spectra) of PVP and PS. These additives also changed 
the hydrophilicity of polyvinylpyrrolidone.

EXPERIMENTAL

Materials 
Polyvinylpyrrolidone (type K30) was purchased from 
Sobhan Pharmaceutical Company (Rasht, Iran). The  
rice husk employed in this research work and its  
preparation protocol were the same as ones reported 
in Ref. [35]. Also, the simple pyrolysis of the prepared 
rice husk sample in a lab-scale furnace led to the rice 
husk ash as formerly reported [35]. Polystyrene was 
synthesized by suspension polymerization method 
based on the published article [36]. Toluene that was 
used as the proper solvent for dissolving polystyrene 
to prepare the PS composites, was produced by Merck 
Chemical Company.

Methods 
Instrumentation
The sonication dispersion of the additives in the  
solutions was done using an ultrasonic bath, Sono Swiss, 
Sw3H, Switzerland. Knauer Instrument (Germany)  
was employed for recording the gel permeation  
chromatography (GPC) spectrums to evaluate the average  
molecular weight and polydispersity index of the prepared 
polystyrene. X-ray diffraction (XRD) measurements were 
accomplished on a Philips diffractometer of PW1840 
(made in Netherlands) with Cu-Kα radiation. Fourier 
transform infrared (FT-IR) spectra were recorded on 
a Bruker Alpha FT-IR instrument using KBr disks. 
Preparing the carbonic and the ash materials from the  
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rice husk was accomplished using a Nabertherm furnace  
(made in Germany) adjustable up to the temperature of 
3000°C. The chemical composition of RHA (WRHA)  
and RHC (BRHA) was examined by using a Philips X-ray  
fluorescence (XRF) spectrometer (Model Magix Pro).

Synthesis of polystyrene
The polystyrene sample studied in this paper was  
synthesized from styrene monomer via suspension  
polymerization. Here, benzoyl peroxide was employed 
as the convenient initiator for radical polymerization. 
This process was carried out in a three-necked balloon  
under nitrogen atmosphere and specific conditions  
according to the protocol reported by Slobodian et al. 
[36]. The balloon was equipped with a mechanical 
stirrer to properly agitate the reaction medium during 
the polymerization process.

Preparing RH, RHC and RHA 
The rice husk (RH) (Figure 1a) was provided using  
the steps of milling, washing with distilled water, drying, 
smashing and then sieving by a stainless-steel sieve 
(200 mesh size), respectively as reported in Ref. [35]. 
The carbon preparation from this rice husk sample  
was done by burning the rice husk in the furnace under  
the constant temperature of 300ºC for 1 hour (see Figure  
1b). The rice husk ash (Figure 1c) was fabricated 
by the pyrolysis of the finely powdered rice husk at 
the elevated temperature (600ºC) for 1 hour as the  

reported protocol [35]. 

Preparation of the composites
A certain amount (0.002 g) of the desired additive was 
poured into the aqueous solution containing 0.1 g of 
PVP which was simultaneously stirred by a magnetic  
stirrer. The resulting mixture was subjected under  
agitation using a magnetic stirrer for 24 hours at ambient  
temperature. Then, for the better dispersion of the  
additive particles, the relevant solution was exposed 
to ultrasonic waves by an ultrasonic bath. At the end, 
the uniformly distributed additive in the PVP aqueous 
solution, was poured on a glass plate and completely 
dried using oven heating at the temperature of 60ºC.  
Finally, the presented composites were kept in suitable 
conditions for use in various tests.

Measurement of water vapor absorption of the samples
In order to check the hydrophilic traits of the polyvi-
nylpyrrolidone samples, two simple procedures were 
employed. In the first method, 0.01 g of each sample 
was carefully weighed and placed on a filter paper 
with a given weight. Then, it was placed in a closed 
WVA chamber for 24 hours at ambient temperature  
and pressure. During the WVA tests, the chamber  
contained 2 mL water and possessed the same dimensions 
as presented in Figure 2. After the absorption of water 
vapor by the PVP samples from the atmosphere of the 
chamber, the samples were taken out. The differences 

Figure 1. Images of bio-additives: (a) rice husk, (b) rice husk carbon and (c) rice husk ash.

     (a)                 (b)           (c)
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between the initial and final weights of the samples  
were considered as the sign of their water vapor  
absorption. It should be noted that the WVA% values  
of PVP and the composites were computed using 
equation 1.

initial weight - final weightWVA (%) =  100
initial weight

×  (1)

In the second way, the same amount of each sample 
was placed on filter paper and incubated for 24 hours 
in the same chamber and conditions. After leaving the 
sample from the chamber, the wetted paper area due 
to water absorption by the sample was qualitatively 
described (Figure 7). Then, the area of this circular 
area was compared for pure PVP and composites. 
This protocol was a qualitative expression of sample 
hydrophilic, where larger wetted area means greater 
WVA and hydrophilicity.

RESULTS AND DISCUSSION

Additives composition  
The main components of RH sample were examined 
using the methods reported in the literature [35,37] and 
the results are tabulated in Table 1. Also, the prepared 
RHA was found to contain silica (80.82%) as the main 
element, which is shown along with other components 
in Table 1, just like what was reported in the previous 
study [35,38]. It was observed that the weight loss of 
RH during pyrolysis is 79.4 ± 1 %. In the other word,  
RH has a solids content of 20.6 ± 1% because the carbon 
content is burnt off and almost all that remains is the 
silica content of RiH [35]. Many parameters affect  

the characteristics of rice husk ash such as RH  
composition, pyrolysis temperature, and the time during  
which RH burning continues. The thermal stability of 
the RiHA sample was found to be 600ºC as reported 
in Ref. [39] for the same material. Also, the chemical 
composition of RHC was consistent with the results 
presented in Table 1. As can be seen, the LOI quantity 
of RHC was higher than that of RHA, while its silica  
content was lower as compared to RHA that can be  
attributed to the unburned carbon present in RHC 
(black rice husk ash).

Gel permeation chromatography (GPC)
GPC analysis was employed to describe the molecular 
weight and the molecular weight distribution (PDI) 
of the as-prepared polystyrene. The results of gel 
permeation chromatography are exhibited in Table 2. 
As seen from these data, PS was found to possess the 
weight and number average molecular weight values  

Figure 2. Schematic representation of the chamber dimensions 
used for WVA tests.

Table 1. The content of the main components in the bio-additives.

RHA (WRHA) components (wt.%) RHC (BRHA) components (wt.%) RH Components (wt.%)
Al2O3 0.25 Al2O3 1.2 Cellulose 27.4

LOI 12.70 LOI 38.1 Volatile 8.2 ± 0.3

K2O 1.25 K2O 5.7 Moisture 5

SiO2 80.82 SiO2 40 Silica 14.2

Fe2O3 0.38 Fe2O3 1.4 Hemicelluloses 18.3

P2O5 0.44 P2O5 1.7 Lignin 25.8

SO3 0.39 SO3 2.1 Inorganics 5.8

Cl 1.99 Cl 4 Soluble 3.5

CaO 0.82 CaO 4.5

Na2O 0.96 Na2O 1.5
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of 33949 and 19905 g mol-1, respectively. The  
molecular weight distribution for this prepared polymer 
was similar to that of the commercial polystyrene as 
presented in the literature [40].

XRD spectroscopy
The degree of crystallinity is considered as one of the 
most important traits of polymer compounds, which  
can affect the physical/mechanical properties (e.g., size 
and shape of the crystallites) of polymeric materials.  
Scherer's equation is usually used in X-ray diffraction 
and crystallography studies, which relates the particle/
crystal size of the solid substance to the width of XRD 
peaks. Scherer's equation can be written as follows [41]:

cos
Kλτ

β θ
=         (2)

Where τ is the average size of the crystal region and K  
is the dimensionless shape factor whose value is  
usually around 0.9 but is proportional to the crystal 
shape. β is full widths at half maximum (FWHM) 
of the XRD peaks which is sometimes expressed 
as Δ(2θ), the parameter θ is Bragg angle, while λ is  
wavelength of X-ray. A larger FWHM means a smaller  
size of the crystalline regions (Equation 2). Crystallinity  
of polymer composites which is considered as a main 
factor controlling their physical characteristics, can 
also be checked qualitatively via X-ray diffraction  
analysis [41]. Crystalline areas in materials are generally 
appeared as sharp XRD peaks, whereas broad peaks 
seen in the XRD patterns are attributed to amorphous 
regions/materials. Therefore, X-ray diffraction is the 
substantial and multi-purpose procedure for the study 
of composites.

As can be seen in the XRD patterns (Figure 3), the 
broad peak at 2θ of 23 is assigned to the parent PVP 
indicating the disordered structure of this polymer. It 
is interesting to note that the width of this peak has 

decreased in the PVP-RiHC composite, which means 
the crystallinity enhancement (the enhanced crystal 
size) in comparison to the pure polymer. Probably, the  
relatively strong interactions between PVP and the  
additives have been formed. Also, polymer strands  
have probably oriented in the crystal structures, leading 
to the structural arrangement, and creation/induction  
of the new crystallinity in the polymer matrix. Likewise, 
the appearance of this peak for PVP-RiHC at the 
lower 2θ values indicates the enhanced crystalline 
size and the increased d parameter (see equation 3) as  
compared to those of parent PVP [42]. For more  
information about this explanation, Ref. [42] could be 
suitable. These alterations in the crystallinity could be  
due to the change in intermolecular bonds and molecular 
order of polyvinylpyrrolidone after incorporating the 
filler into it.

2(d-spacing)sinλ θ=        (3)

In addition, for the composites containing rice husk  
ash and rice husk, no noticeable changes were  
observed in the peak width, whereas the 2θ parameter 
was shifted to the lower values as compared to the  
neat PVP. It is necessary to mention that the intensities 
of the peak at 2θ of ~5 in both PVP-RiH and PVP-
RiHA have dramatically increased, which reveals the 
creation of a new type of crystallinity after combining 
PVP with these additives. In general, all these obser-
vations mean that the bio-additives play an effective  
role on the molecular arrangement and the crystallinity 
of PVP.

In the spectra of polystyrene samples (Figure 4), the 
most important observation was the narrowing of the 

Parameter Value
Polydispersity Index
Z Average Molecular Weight
Z+1 Average Molecular Weight
Peak Molecular Weight
Number Average Molecular Weight (Mn)
Weight Average Molecular Weight (Mw)

1.705
56512 g mol-1

84505 g mol-1

22409 g mol-1

19905 g mol-1

33949 g mol-1

Table 2. Average molecular weight and PDI data for synthe-
sized polystyrene.

Figure 3. XRD patterns of PVP and its composites.
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XRD peaks also decreased after compositing with  
biomaterials. All these findings demonstrate changes 
in the molecular order and crystallinity of this polymer 
through its interactions with bio-originated materials.

From X-ray diffraction spectroscopy, it was concluded  
that PVP has better interactions with RHC, but PS  
possesses better interactions with RHA. These differences  
in polymer/additive interactions can be attributed to  
mismatches in the chemical nature and rigidity (ability of 
molecular movements) of these polymers.

FT-IR spectroscopy
From the infrared spectra of the samples (Figures 5 
and 6), it is clear that the spectra of pure polymers 
and their composites are different from each other. In 
the PS spectra (Figure 5), the bands appearing at the 
region of 1660-2000 cm-1 are attributed to the C-H 
bending deformations of the benzene ring. The peaks 
at 1446 and 1490 cm-1 are assigned to the stretching-

main peak in PS-RHA compared to other samples.  
This narrowing leads to an increment in the size of 
crystalline regions. Additionally, the peaks at 2θ 
around 20 have been shifted to the higher positions 
for the PS composites in comparison to the parent PS, 
showing the decreased effect of the additives on the  
d-spacing parameter. The intensities of polystyrene  

Figure 4. XRD patterns of PS and its composites.

Figure 5. FT-IR spectra of PS and its composites.

      (a)              (b)

      (c)              (d)
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vibrational mode of the benzene segment. Moreover, 
the peaks located at 757 and 695 cm-1 could be due 
to the C-H bending vibration mode of the benzene 
part of PS [43]. The peaks appeared in the ranges of 
2700-3100 cm-1 (related to C-H stretching modes of 
the benzene ring), and 2850-2920 cm-1 (attributed to 
the saturated C-H stretching deformations) were also 
seen in the FT-IR results as well as the band appeared 
at 1596 cm-1 (assigned to the aromatic C=C bonds) 
[44]. The peak at 3442 cm-1 could be related to the 
O-H stretching vibrations (due to the presence of very 
small amounts of absorbed water in the samples) or 
to the overtone of the peak observed at 1720 cm-1. It  
should be mentioned that a sharp decrease in the  
intensity of the peak at 3442 cm-1 occurred for PS. 
Also, it was shifted to wavenumbers of 3438 cm-1 
for PS/RHC and 3435 cm-1 for PS/RH and PS/RHA. 
These shifts in wavenumber are noticeable and can be  
due to the interactions occurred between silica (present  
in the additive) and the functional sites in the polystyrene 
structure.

Furthermore, the peaks located at 3769 and 3807 
cm-1 were observed for polystyrene/carbon and  
polystyrene/rice husk composites, respectively. The  
peak appeared at 3769 cm-1, which has a high intensity, 
could be due to the presence of Si-OH and Si(OH)2 
surface groups in this composite, as mentioned in Ref 
[45]. The shift of polystyrene peak from 1185.4 cm-1 
to 1178 cm-1 for PS/RHC sample is another important 
change in this spectrum. All these drastic changes, i.e.,  
peak shift and peak intensity reduction, are strong reasons 
for uniform and proper formation of composites.

In the case of polyvinylpyrrolidone (Figure 6), 
the stretching vibration of C=O bond of the amide  
functional groups appeared at about 1654 cm-1. The  
wavenumber of this peak was changed for composites, 
especially in PVP/RHA, which contains more SiO2 
compared to other composites. This indicates that 
the O and N atoms of this polymer (which have high 
electronegativity and non-bonded electron pairs) have 
formed interactions with bio-additives [32,46-47]. 
The peaks at 1014, 1222 and 1431 cm-1 were attrib-

Figure 6. FT-IR spectra of PVP and its composites.

      (a)              (b)

      (c)              (d)
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uted to the rocking, twisting and scissoring vibrations 
of CH2 [31]. Additionally, the peak appearing at 3428 
cm-1 was related to the stretching vibration of O-H 
bond (due to water absorbed on the polymer surface). 
This peak showed both drastic changes in the wave-
number and decrement in the intensity for the related 
composites [47]. Also, the peak observed at about 
2142 cm-1 in the composites was removed, i.e., its  
intensity was strongly reduced and shifted significantly 
towards lower wavenumbers. For example, PVP/RHA 
showed a 10 cm-1 reduction in the wavenumber of this  
peak. The peak appeared at ~1014.2 cm-1 was attributed 
to the stretching vibration of C-N bond as mentioned 
in Ref [48]. It was shifted to the wavenumber of 
1028 cm-1 for PVP/RHC and to 1017 cm-1 for PVP/ 
RH, while it removed for PVP/RHA. This displacement 
can be owing to the interactions of N atoms in the 
PVP structure with natural additives. Generally, all  
these changes in wavenumbers and intensities of FT-IR 
peaks after adding these bio-materials indicate the 
creation of mutual interactions between additives and 
polymers that are sufficient reasons to demonstrate the 
proper formation of composites.

Hydrophilicity investigations of PVP and its composites
Polyvinylpyrrolidone is a well-known material due 
to its very hydrophilic nature and solubility in water. 
This is why it has been used as a hydrogel material in  
hydrophilic drugs [49]. When this polymer is in contact 
with atmosphere, it absorbs water molecules due to 
its high polarity, thereby, its shape changes from a 
powdery state to a stacked morphology. The absorbed 
water acts as a softener and reduces the strength of 
the PVP samples. During 24 hours exposure of PVP 
in the laboratory atmosphere, it retained a powdery 

morphology (its WVA did not change), which could 
possibly be due to the low amount of water vapor in 
the laboratory atmosphere. But, the concentration of  
water vapor in the chamber (Figure 2) was much higher  
than that of the out of chamber. Thus, the samples  
immediately absorbed the water vapor during incubation  
in the chamber and turned into a jelly state after  
approximately 1 hour. So, the humidity chamber was 
found to be a suitable system for performing hydro-
philicity tests.

Although this polymer is soluble in water, reducing 
its hydrophilicity can be an attractive target for some  
applications. For example, the amount of WVA obtained 
from hydrophobic composite drugs containing PVP  
has been reviewed in Ref [50]. Here, all the poly- 
vinylpyrrolidone composites revealed a lower ability to  
absorb water compared to pure PVP, the corresponding 
data are shown in Table 3. In fact, this reduction in 
hydrophilicity obtained by using environmentally 
friendly bio-materials could be a beneficial finding 
for PVP applications where less hydrophilic property  
is required. As seen in Table 3, Among the composites, 
PVP-RHC showed significantly higher resistance to 
water absorption (210% WVA) compared to other  
samples. A logical explanation for this hydrophilicity 
decrement can be the relatively strong interactions 
between PVP and bio-additives. Because, these inter-

Sample Initial 
weight (g)

Final 
weight (g)

Absorption 
(g)

Absorption 
(wt.%)

PVP
PVP-RHA 
PVP-R  
PVP-C 

0.01
0.01
0.01
0.01

0.039
0.035
0.034
0.031

0.029
0.025
0.024
0.021

290
250
240
210

Figure 7. Images of wetted areas for (a) PVP, (b) PVP-RHA, (c) PVP-RH and (d) PVP-RHC after hydrophilicity test.

Table 3. WVA results for the samples after 24 h of incubation 
in the humidity chamber.

      (a)               (b)       (c)   (d)
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actions are strong enough to reduce the accessibility 
of water molecules to the polar and hydrophile sites/ 
functional groups in the PVP structure. Also, the  
degree of hydrophobicity fillers such as carbonious 
materials, is an important factor for decreasing the 
composite WVA values.

As seen in Figure 7a, the wetted area is uniform 
for PVP because it completely dissolves in water and 
uniformly penetrates in the paper beneath the sample. 
However, irregular dissolution patterns can be seen 
in the images of the composites (Figures 7b and 7c) 
due to their resistance to water absorption. The circles  
drawn on the surface of the papers after water absorption 
are the areas where water molecules and the dissolved 
PVP have penetrated into the paper. While, the dark 
spots remained in the middle of the circle can be the 
insoluble solid particles of the bio-fillers. It is worth 
to mention that, in the wettability investigation of the 
samples, the order of PVP > PVP-RiHA > PVP-RiH 
> PVP-RiHC was observed. Undoubtedly, parameters  
such as the solubility of the additives, their compatibility  
with the polymer matrix and their effect on the polymer 
crystallinity and density, play effective roles on the 
hydrophilicity of the samples.

Effect of incubation time on WVA values
In the practical part of this experiment, 0.01 g of 
each sample was placed in the WVA chamber and the  
amount of water vapor absorbed by them was measured 
at different times of incubation. The results of these 
investigations are shown in Figure 8. As can be seen, 
the composites are more hydrophobic than the neat  
polymer, among which PVP-RHC was the most  

hydrophobic sample. Regardless of the difference in 
WVA value for theses polymeric materials, PVP and 
its composites reached the maximum WVA after about 
24 hours (Figure 8).

Effect of initial mass of the absorbent materials on 
WVA results
As shown in Figure 9, there was an increasing  
relationship between the content of the absorbed water  
and the initial weight of the absorbent samples. In  
addition, it is clear that the WVA values enhanced upon 
increasing the initial amount of PVP absorbents. In 
this experiment, the order of PVP>PVP-RiHA>PVP-
RiH>PVP-RiHC was observed for the hydrophilicity 
values of the samples. As a result, this order was also 
observed for the slope of the curves. In the other word, 
the pure polymer not only possessed a higher WVA,  
but also its WVA rate was higher than that of the  
composites.

CONCLUSIONS

In the current research study, carbonious materials and 
ash originated from rice husk were obtained through  
pyrolysis at the temperatures of 300 and 600°C,  
respectively. The spectroscopic characteristics of PVP 
and PS composites with RH, RHC and RHA were  
examined using FT-IR spectroscopy and XRD analysis. 
The results exhibited a significant difference between 
the spectra of pure polymers and the corresponding 
composites spectra. For example, In addition to the 
decrease in the intensity of FT-IR peaks, there were 

Figure 8. Effect of incubation time on WVA results at ambi-
ent temperature and pressure.

Figure 9. Effect of initial weight of absorbent on WVA results 
at ambient temperature and pressure after 24 h of incuba-
tion.
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significant changes in the wavenumber of some peaks. 
In the X-ray diffraction results, a decrease in the width 
and intensity of the peaks was observed, which means 
an increase in the size of the crystalline areas. Also, 
new peaks appeared in the XRD spectrums of the 
composites. These observations indicate the changes  
in intermolecular bonds, molecular order and  
crystallinity of the composites as compared to the parent 
polymers. WVA investigations were conducted for 
PVP samples, but this property was not studied in the 
case of PS owing to its negligible hydrophilicity. A 
significant difference between the hydrophilicity of 
PVP and composites was observed in the order of 
PVP>PVP-RiHA>PVP-RiH>PVP-RiHC. Therefore, 
these additives were observed to be effective on the  
spectroscopic characteristics of both PVP and PS.  
Besides, these bio-materials were able to reduce the 
PVP hydrophilicity. The obtained results show that  
these bio-additives open a new insight to investigate 
other characteristics of these bio-composites. Moreover,  
they open a novel window toward the use of other  
bio-wastes originating from various plants to reinforce/
modify polyolefins.
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