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Abstract 
In this research the morphology and structural properties of Poly (vinyl pyrrolidone) (PVP) polymer nanofibers with the addition silver 
nanoparticles have been studied and investigated.  It was observed that the pure Poly (vinyl pyrrolidone) (PVP) nanofibers and PVP nanofiber 
doped by silver nanoparticles (AgNPs) which have a diameter ranging (34 to72) nm and (81 to98) nm respectively.  Longer length of PVP 
fiber was obtained with the PVP fiber length.  The morphology of AgNPs and doped PVP   nanofibers were analysis using scanning electron 
microscope (SEM). The SEM results show that the AgNPs has a spherical shape which is agreed with Atomic Force microscope (AFM) 
results. It was observed that the PVP which dissolved in ethanol can be produced smooth nanofiber because of low surface tension. Energy 
Dispersive X-ray Spectrometry (EDS) analysis shows the percentage of the AgNPs elements of the PVP/AgNPs nanofibers samples   
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INTRODUCTION 
Electrospinning process is extensively used to create fiber with 
nanoscale   or submicron diameter .The sub sequent fibers have 
single properties ,for example large surface area to size ratio , 
high porosity ,lesser pore volume [ 1,2] furthermore ,the 
electrospinning  method provides important compromise, 
considering quantity and the control of the shape and volume that 

could be adjusting by proper control of electrostatic forces [3].The 
device used for electrospinning  method is humble in building .It 
involves of a syringe ,high voltage source ,a pump to transport the 
solution to the syringe then conducting collector .Where the 
conducting collector might be of any form based on the obligation 
such as rotating drum ,flat plate, etc as shown in figure (1)[4].

The electrospinning process and morphology of nanofibers 
influenced by four kinds of parameters  polymer solution 
parameter including (surface tension ,concentration, electrical 
conductivity and viscosity),structural properties including 
(molecular weight),processing conditions including (spinning 
distance, nozzle geometry, feed rate and voltage) and ambient 
parameters including (atmosphere pressure ,relative humidity and 
temperature)[5] fiber diameter of electrospun fiber decreasing 
with increasing the distance amid the polarity. Also in case 
decreasing distance the fiber are not totally stabilized and finally 
the cross units of spinning fiber convert to flatter.   The fibers 
showed a straight, cylindrical morphology representing that the 
fibers are typically dried when the fall on the collector. Where the 
polymer solution have properties for example rheological 
properties of polymer solution ,particularly solution viscosity and 
electrical conductivity ,effect the fiber  creation morphologies as 
well as diameter of electrospinning method , also boiling points of 
the solvent which used in the study effect on fiber diameter  such 
as ethanol is 153𝐶° where the solvent has lower boiling points 
undergo to the faster evaporations after the splitting and spraying 
of an unbalanced jet [6] nanofibers and nanotubes created from 
polymers offer wide range of uses in areas  such as sensors 
photonics , filtration ,medicine and catalysis .Via utilizing 
nanofibers to create bulk materials [7] . 
One application of nanofibers   existence  used is fabrication of 
filtration media .As electrospun nanofiber further filters are 
suitable for eliminating particles in submicron ranges .As the 
small particles of fewer than 0.5 micrometer   which can be easily 
trapped in the electrospun  nanofibrous  inside filters because of 
its tall surface area to size ratio and tall surface cohesion  and so 
improving  the filtration competence  of a filter [8]. Several 
polymers such as poly (vinyl pyrrolidone) which used to create 
fiber 
Poly(vinyl pyrrolidone ) (PVP) is a polymer with high 
biocompatibility ,small chemical toxicity, in greatest organic 
solvents it has excellent solvability , well spin ability [5].As well 
as poly(vinyl pirrolidone) (PVP) is hygroscopic powder ,a white 
and it is a weak a characteristic order , the structural formula of 

PVP is (C6H9NO)n [9]. Silver(Ag) nanoparticles doped with 
polymer solution of PVP at produce electrospun fibers were well 
prepared which display good antimicrobial[10,11 ] and adding 
AgNPs to polymer solution of PVP worked on increasing fibers 
diameter because of vacancies are filled by silver nanoparticles 
(AgNPs) which lead to expanded[12]. 

EXPERIMENTAL WORK 
Materials 
Poly (vinyl pyrrolidone) (PVP K-30), Molecular weight (40,000). 
Ethanol is solvent   colourless and the purity it 99.9% made in 
spain and silver nanoparticles (AgNPs)  made in USA .The 
particles size in the range of (50-80)nm 

Preparation of polymer solution of  PVP/Ag nanoparticles 
Polymer solution of PVP was prepared via dissolving 8gm PVP 
(MW40,000) powder in 50 ml ethanol alcohol at room 
temperature via stirrer device during  30 minutes according  to the 
following equations [9]. 
Cx  =  𝑛𝑥

𝑣
  (1) 

𝑛𝑥 = 𝑚
𝑀.𝑊

                                                                            (2)
Where  
Cx  is the concentration (mol/L) 
𝑛𝑥 is the number of mole  
𝑣  𝑖𝑠 the volume of solvent (liter) 
𝑚 is the mass of PVP(g) 
𝑀.𝑊is the molecular weight(g/mol) 
0.1AgNPs was added to PVP/ethanol with incessant stirring for 1h 
at room temperature. Then sample of polymer solution of PVP put 
in plastic syringe where used electrospinning device  , the syringe 
have needle is inside diameter 0.48mm,also connected to voltage 
power source ,The feed rate of the polymer solution of PVP was 
controlled at 1mL/h via a syringe pump, where a piece of 
grounded silicone used as the collector .The distance between the 
needle and collector was  15cm also the applied voltage was 
15KV. 
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Figure1: shows electrospinning system  

 
2. RESULTS AND DISCUSSION 

X-ray diffraction of PVP powder 
The X-ray diffraction examination showed that PVP powder has 
two peaks at2𝜃 equal to11.6417°and   
20.8742°,   𝑎𝑝𝑝𝑒𝑎𝑟𝑎𝑛𝑐𝑒 𝑛𝑢𝑚𝑏𝑒𝑟  of peaks to article PVP 
indicating that the article is installation of a multi-gelling, also 
intensity (Count) equal to 57.90 and53.53 in the range 5° to 80°  
.This conformity with reflects the nature of this pure PVP and 
standard for this polymer. These results agreement with 
researcher's results M.T.Razzak  [13].As shown in figure(2) .The 
average grain volume (Dav) of PVP equal to3.15nm which 
determined via using scherrer's relation.[14].As shown in the 
flowing equation 
Dav = 0.9𝜆

𝛽𝑐𝑜𝑠𝜃
                                                                                (3) 

𝜃 is angle diffraction Brac, 𝜆 is the wavelength of X-ray which 
used,β is (FWHM,0.9 is shape factor, FWHM is Full Width at half 
maximum value 

 
Figure (2): Shows X-ray diffraction of PVP polymer 
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Figure (3) :  Shows X-ray diffraction of silver nanoparticles 

(AgNPs) film 
 

X-ray diffraction of silver nanoparticles ( AgNPs)  
The X-ray diffraction examination showed that AgNPs powder 
have three peaks at 2𝜃 𝑒𝑞𝑢𝑎𝑙 𝑡𝑜  43.953°, 64.313° and 77.432°. ,   
appearance number     of peaks to article AgNPs indicating that 
the article is installation of a multi-gelling [13]  .And intensity 
(Count) equal to 79, 60 and 50 in the range30° 𝑡𝑜80° . The crystal 
structure of silver nanoparticles is face-centered cubic. .As it 
appeared coefficients Miller values is (111),(200),(220)and (311) 
respectively this conformity with  reflects the nature of this pure 
AgNPs. This results agreement with the result of researcher [15], 
the average grain volume (Dav) of AgNPs equal to 23.6 nm which 
determined via using scherrer's relation [14]. Figure (3) shows  the 
measure of X-ray diffraction of AgNPs powder. 
 
Atomic Force microscope (AFM) of silver nanoparticle (Ag 
NPs) 
The size and shape of  AgNPs was synthesized   via Atomic Force 
Microscope (AFM).  Figure (4)   verifies that AgNPs were less or 
more homogenous   in size also spherical   form. The measured 
height is expected to be as large as the width assuming a spherical 
nanoparticle shape [16]. The roughness average of AgNPs is 
35.3nm.Also Figure (5) show AFM Distribution of volume 
AgNPs 
 

 
Figure (4) shows AFM measurement of silver nanoparticle 

(AgNPs) 
 

 
Figure (5): AFM Distribution of volume AgNPs 

 
Scanning Electron Microscope (SEM) of silver nanoparticles 
(AgNPs)  
Structural, size and morphology properties of used AgNPs were 
characterized   by SEM  shown that these particles have size in the 
range from (20.0 to 40.3)nm . As well as AgNPs which deposition 
on pieces of silicon appeared spherical   by SEM measurement 
which agreement with the researcher Muhammed  Akram Raza ,et 
al. [17].As shown in Figure (6)  
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Scanning Electron Microscope (SEM) of model consisting   
from0.004 PVP/ethanol and   
(0.004PVP+0.1wt%AgNPs)/ethanol 
Figure (7) shows SEM images of pure PVP /ethanol nanofibers 
prepared  via electrospinning process .   The diameter  of 
nanofiber is in the range (34 to72) nm in case pure PVP /ethanol. 
Polymer solution of PVP/ethanol can be produced smooth 
nanofibers because of low surface tension [18]. This is due to 
progress in fiber, which is according to coulomb force as well as 
causes a growth in the length of the fiber to its width ,leading to 
thinning of the fiber and fewer fiber diameter output[19]. 
Figure (8) shows SEM images of pure PVP/AgNPs in   ethanol 
nanofibers prepared via electrospinning process. The diameter  of 
nanofiber is in the range of  (81 to 98)nm. It was noticed  an 
increasing in the applied voltage lead to in decrease  fiber 
diameter and lesser probability  of beading, either when increasing 
feed rates lead to increase in bead generation, also decrease in 
fiber diameter with low feed rate . High viscosity worked with 
disappearance beads and decrease in fiber diameter [20].   
 

 
Figure (6) : Shows SEM of silver nanoparticles at 

magnification 200nm 

 
Figure(7) shows SEM images of  pure  PVP /ethanol prepared  

via electrospinning process 

 
Figure (8) shows SEM images of model consisting from (  

PVP/AgNPs) /ethanol prepared  via electrospinning process 

Energy Dispersion Spectroscopy (EDS) 
Analysis of samples of (0.004PVP+0.01wt%AgNPs) /ethanol via 
using EDS measurement and showed results which listed in the 
Table (1), where figure (9) show EDS analysis of PVP nanofiber 
/ethanol 
 

Table (1) represents EDS analysis and percentage of the elements   
of the sample  which consisting from( 0.004 PVP+0.1wt% AgNPs) 
/ethanol and deposition on the pieces of silicon  

Spectrum 
Label C O Si Ag Total 

1) Spectrum2 39.15 1.33 59.52 0.00 100.00 
2)Spectrum3 28.00 1.07 70.90 0.03 100.00 

 

 
Figure (9): Shows EDS analysis of 

(0.004PVP+0.1wt%AgNPs) /ethanol  at  
magnification 10μm. 

 
3-CONCLOSION 

The morphology and  structural properties of PVP nanofibers 
showed an influence of AgNPs  on fiber morphology.  
PVP/AgNPs solutions of nanofiber produced nanofibers have 
large size from in case pure PVP nanofiber because of  the  
vacancies between the polymer chains are filled by AgNPs which 
leaded to expand .   The  pure PVP nanofibers  and PVP nanofiber 
doped by silver nanoparticles (AgNPs) showed different range in 
diameters which have a diameter ranging  (34 to72)nm and  (81 
to98) nm respectively 
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