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       Abstract: 

Polymers are advanced and widely used materials found in almost every 

substance we use. Their importance has grown significantly due to their 

applications in various industrial fields. This work aims to develop a polyvinyl 

chloride (PVC) composite reinforced with silver nanoparticles (Ag) for gas 

sensing. Polyvinyl chloride is a plastic material known for its diverse properties 

and numerous applications, but its performance in some applications needs 

improvement. 

Samples were prepared by incorporating different weight concentrations (2.5%, 

5.0%, 7.5%, 10.0%) of silver nanoparticles into a PVC matrix using a simple 

solution casting method at room temperature. The process involves two main 

stages: doping the PVC membranes with Ag+2 ions, followed by their reduction to 

obtain silver nanoparticles within the polymer. 

The samples were characterized using advanced analytical techniques including: 

Scanning Electron Microscopy (SEM) to analyze the surface morphology, X-Ray 

Diffraction (XRD) to detect crystalline phases, UV-Vis Spectroscopy to confirm 

the presence of Ag nanoparticles within the PVC, in addition to FTIR to study the 

changes in chemical composition. The silver nanoparticles contributed to 

improving the properties of the PVC after their addition to the system. 

The characterization results showed their positive effect on the surface 

morphology and chemical composition, with a decrease in transparency and a 

change in color, which contributed to increasing their sensitivity to the targeted 

gases detected by sensors, such as ammonia (NH3), carbon monoxide (CO), and 

methane (CH4). 

The results confirmed the effectiveness of the strategy of reinforcing polymers 

with silver nanoparticles to develop high-performance sensors, which opens new 

horizons for the use of these materials. 

Keywords: Polymeric materials, Polyvinyl chloride, Silver nanoparticles, Gas 

sensors.  
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 الاهداء

 لربيعبحير ا
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1912 (Polyvinyl 

Chloride) (Klatte)[1] 
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(vinyl chloride)
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carbon) (Chlorine)(Allylic position )
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I.2.3.  VC 
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Polymerization )(Bulk 
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VC)(molecular 

weight)𝑃𝑛 < 2000(Partially 

Crosslinking)(PVC)
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:(1.I)(°C50)VC[7]

𝑪𝟓 دةالما × 𝑪𝟓 المادة 𝟏𝟎𝟒 × 𝟏𝟎𝟒 

7.4 350 

7.0 24 

4.5 8.4 

5.0 386 

5.0 47000 

 2700 7.4 كلورو البنزين

 12.3 110 أستيو ألدهيد 
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(thermal stability) 

(hydrogen) (methine group)

[8]

(hydrogen)(Cyclohexene)[7]

(2.I)(radical polymerization)
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300-20 0.1 <0.1 300-60 

I.1.2.3. (Solution polymerization) 

(Solution polymerization )(VC)
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 (chain transfer constant - Cm)(VC،)

(propagation rate constant - kp) (chain termination 

constant - kt) (Styrene 

- St) (3.I)(molecular weight)
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(3.I:)VC[7]

 / 1420 826 37 (C°65التفاعلية تجاه جذر الميثيل )

 / (0.23) (1.0) (1.8) (C°60ل )تجاه جذر الفينيالتفاعلية 

 تجاه جذر البنزويلوكسيالتفاعلية 

(5°C7) 
0.22 1.9 0.04 / 

 بيوتوكسي -tتجاه جذر التفاعلية 

(30°C) 
(0.058) (1.0) (0.009) / 

 273 106 1100 6200 (C25°)ثابت معدل الانتشار 

6-10(°C25)24.4 50.4 80 1100 

(°C60)340 176 3.3 (25°C)1.2 

(°C60)
5.25 1.25 208.9 / 

 المونومر

510(°C60)
1.8 7.9 19.1 123 

I.2.2.3.(Bulk polymerization) 

(Bulk polymerization) (VC) 

 (PVC)،PVCVC

0.1 ،%

(Tg)PVC

[7]
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VC/PVC.(3.I) 

0-0.1%

0.1-77%VC

>77%VC

VC

      
dx

dt
= (

Kp
2

Kt
)

1

2
(fkd[I]

1

2e−kdt [
1

1−Bx
] [1 +

[p+(1−𝒳c)−1]

𝒳c
] 𝒳(I.1). 

1 − 𝐵𝑥

VCAIBN

[13 ,14]

.I)3:(  (VC/PVC )[7]

I.3.2.3.  (Suspension Polymerization) 

(Suspension polymerization)

(PVC)

[15]polymerization) Bulk،)(VC)

(I.4) PVC
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VC)) [16](VC)

(coiled macroradicals)

1-2%

.

 :(4.I)(radical suspension 

polymerization.)[7]

PVC

[17]PVC

(PVAc)

[18]

I.4.2.3 . (Emulsion Polymerization) 

(VC)

(micelle)

[19]

𝑅𝑝 = (
𝐾𝑝

2

𝐾𝑡
)

1/2

[𝑀𝑝][𝑓𝐾𝑑[𝐼]0 e−Kdt
 
]

1

2 (
𝑁

1
6

𝐾𝑑𝑖𝑠

1
2

)(I.2).
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p[M]N

disk(disproportionation)

[20]

PVC

(Seeded emulsion polymerization)

PVC

VCVAc

shell)-(corePVC[21]

VC [22]

I.4.

.I1.4 .  (Physical and chemical properties ) 

(PVC)

PVC

[24]
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.1.4. I1. (molecular weight)  

(I.4)

 (4.I): [24]

PVC 

K99-50 86-59 90-60 60-58 

1.97-0.52 1.54-0.73 1.67-0.76 0.75-0.70 

4.43-1.60 3.40-1.89 3.70-1.92 1.92-1.85 

4000-420 2700-690 3100-700 740-670 

310200-40 155-60 170-65 67-59 

(PVC)

(5.I)(polydispersity)

 PVC

[25]

(5.I)PVC

PVC(Emulsion PVC)(polydispersity)

PVC 
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[26]

 (isothermal polymerization)[27]

(.I5:)(Polydispersity )KPVC[24]

I.2.1.4 .(particle size and shape)

(PVC)

PVC

(6.I)(PVC)

،(I.7 )(I.8) (PVC)

(7.I)

A(PVC)B

(I.8)

CD

 (agglomerates)CD

(PVC)

 (PVC )
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(PVC )

(friction،)

 (.I6:) VC[24]

 (I.7:)(PVC )A:150x ،B:375xC:750x ،

D:1500x .[24]
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(I.8:) PVC. 480x[24]

I.3.1.4. (Porosity) 

 (Suspension Polymerization)

(Polymer) 

(9.I )

(Monomer Conversion)(10.I)،

(.I9)، [31]

10.I).)

 (9.I :)PVC

70%[24]
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(.I10:)[24]

I.4.1.4. (Density) 

(Polyvinyl Chloride)1.43g/cm 

(Polyethylene - PE)

(Polypropylene - PP) 60%

PVCPVC

(Bulk Density)PVC0.30.8 g/cm³،

I.5.1.4. (Purity) 

PVC- Monomer

Initiators(Oxygen)،(Polymerization)

PVC (PVC Resin)

 PVC

PVC

(Additives.)
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I.6.1.4. 

(PVC) 

PVC PVC

material)

PVC

PVCPVC

PVC

( crystallization)

(crystallization)PVC(I.5).

(5.I:)[24]

% 

  5.7-0.5 

4 

7 

10-5 

20-5 

(Polymerization)PVC

(Polymer)[33]

[34]
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I.2.4.(Thermal properties)

PVC

 (I.6) 

(6.I:)  [24] 

201-K1-Wm 

0.192 

0.209-0.146 

0.200 

0.160 

10-5K-1 5.6-2.8 

°C 
150 

160 

°C 285 

1.82 MPa  °C 74-73 

°C 89.4 

201-s 2cm3 -10 
0.89 

1.19 

1-g1-JK 0.97 

°C 

80.4 

85 

107-80 

95-78 
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(Glass Transition Temperature)

(Plasticizer) (Concentration) في  المبين(I.11)(Thermal 

Conductivity) (Graphite Concentration)  (I.12)

 (I.11:)APVC

:B[24]

 (I.12:)A

:BPVC[24]

I.3.4. (Electrical properties)
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(PVC)

(7.I)

(7.I:)[24]

Ohm cm 1310  1210 

25°C60Hz/ 3.5 

°C25

60Hz

2-10 11 

1-Vmil 500-350 

1KH/ 0.017-0.009 

S 80-60 

I.4.4 . (Optical and spectral properties)

(PVC)،

(I.13)

8(PVC)

90
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(I.13:)

[24]

(Birefringence) (Orientation Function)

(Gloss)(Surface Degradation)

 (UV Radiation) 

(Spectroscopic Methods)

(AA)(ESR) (FTIR)

.5.4.I( Mechanical properties)

(PVC)

(I.8)PVC
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PVC(I.8)

PVCPVC

 (I.8:)(pvc)[24]

ASTM D638 MPa 63.2-7.1 

ASTM D630 MPa 60.5-8.8 

ASTM D630 MPa 4.00-2.43 

%100ASTM D630 MPa 8.6-7.5 

ASTM D630 % 430-3.3 

ASTM D630 MPa 88.3-39.2 

ASTM D630 MPa 1177-931 

ASTM D790 GPa 3.31-2.58 

ASTM D790 MPa 107-67 

ASTM D638 MPa 7.9-2.1 

PVC

(I.14)

PVC

DOP
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 (I.14:)ADOP:BDOP 

:CDOP[24]

(I.15:)

(I.16)

96%

 (I.15:)APVC150 =100:60 

10:B

(PVC:DOP = 100:70)PVC180[24]
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(I.16)[24]

PVC

I.6.4 . (Other properties of PVC)

(PVC)

(9.I)
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(9.I:)  (pvc)[24]

/ 

4.08-1.15 

2.7-2 

4.8-3.6 

prr

Pmm

prm+pmr

% 

44.0-27.6 

21.8-4.8 

52.0-30.5 

/ 1.55-1.54 

I.5 . (PVC) 

I.1.5. 

I.1.1.5. PVC

(Polymer Synthesis Method )

(Industrial Products)

(Molecular Weights)(Polymer 

Purification)(Soxhlet Extraction)

(Ultrafiltration)(Fractionation)

(Cast Film ،)(Polymer 

Solution)(Polymer Powder) ،

(Tetrahydrofuran) (Solvent Residues)

 (Photodegradation.)

PVC(Grain Size)

(Thermal Degradation Studies)، 

(Film Kneading)(Extrusion)

(Processing Degree)(Shear Rate ) 
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(Additives)

(Research Papers.)

(Dehydrochlorination Kinetics )

(Thermal Degradation Conditions)

(Thermal Degradation)

(HCl)PVC (Thermal Stability)

(Electrical Conductivity)

(Congo red paper test)

 (Mass Spectrometer )HCl

(Catalytic Effect)،(Thermogravimetric 

Analysis)HCl

HCl(Potentiometric Measurement)

 (Conductometric Measurement ،)(Detection Limits )

6-10 % HCl(Apparatus Design )

(Sample Quantity )

(Thermal Equilibrium)Isothermal 

ConditionsHCl (Uncontrolled 

Degradation)PTFE (PTFE-coated reactors)

(Carrier Gas Flow)

HCl5-20

(Vilmazal)(Correction Factor)

(Non-isothermal Conditions)(Temperature Increase)

(10.I)
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(10.I:)0.2PVC

330[35]

T, K t, min 

293.0 0 

373.0 1 

405.0 2 

428.0 3 

443.6 4 

448.0 5 

450.4 6 

451.5 7 

452.4 8 

452.6 9 

453.0 10 

453.1 12 

453.0 14 

I.2.1.5. (Thermal Conditions ) (Apparatus Design )

PVC

(Isothermal Conditions)

(PVC)8

(Degradation) (Double Bond)

(Monomer Unit)، و (I.17)(Sample heating 

diagram.) 

 (I.17:)[35]

(Reaction Vessel)

(Heat Exchange)

(1(αTransfer Coefficients)  Heat ،2α) (1(λSample Conductivity) ) ،

1α2α(Layer Thickness) 

1δ( ،2δ)،1λ(PVC (PVC Conductivity) ،

 (2λ(Vessel Material Conductivity) )
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(Overall Heat Transfer Coefficient) (α )(Reaction 

Flow Rate) (w)(Linear Dimensions of Reaction Vessel) 

(d) (Liquid Viscosity) (L،)(Specific Heat of Fluid) 

(η)(Thermal Conductivity of Fluid) (c)،

w*λ*c*η*

(Silicone Oil )(Heating Copper Block

 (I.18)  (I.19)

 (I.18)

 (I.18:)PVC:12

34567

89PTFE،101112

13[35]

 (I.19:)PVC:123

4567

8910

1112[35]
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(Distilled Water)

(Conductivity Measurements ،)(Residual 

Conductivity)0.5 (µS )(Inert Gas)

(Standard Curve )HCl30

(Statistical Approximation) ،(Sample 

Loading Time)((Sample Weight Error 0.02%و ،

 (Glassware)(Tubing) (Inert 

Material)(Carrier Gas)

(Overpressure)(Carbon Dioxide.)

I.3.1.5. PVC

(Thermal Degradation لـ )PVC ،

(Thermostating of water )

 (Automatic thermal compensation)

(Standard curve)HCl30 (Statistical 

approximation) (Sample loading time )

((Sample weighing error 0.02%،

(Glassware )(Tubing)(Inert material )

(Carrier gas ) (Overpressure )

(Carbon dioxide)

(Conductivity measurement.)

(Metrohm)

 (I.20)(PC-

controlled)PVC [36]

 (I.20:)895[35]
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(Thermal degradation studies)PVC

HCl(Sample color change)

HCl

PVC(Thermal stabilization،) (Color 

retention)(Stabilizer formulation) ،

 (I.21:)[35]

 (I.22:)[35]

 (I.21)

 (1)(heating chamber) ،2))oil inlet)) ،((3
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oil outlet)) ،((4(bottom insulating cover) ،(5)

(upper insulating cover) (6)light pathway))، (7)

 (halogen lamp)(8)(set of light 

pipes)(9) (water-cooled mounting)

(10) (sample)(11)AA (AA spectrophotometer)

(reflectance )500

 (I.22)(1) (metal block)

 (2)(heating element ،)(3)(thermocouple)

 (4)(carrier gas heating channel،)(5)

(lower insulating case) (6) (gas-tight gasket)

(atmosphere)HCl (7)(carrier 

gas sample outlet،)(upper insulating case)

(9)(optical system)، (13 )

(lamp)(monochromator)(detector،)

(10)(sample)CIE-tristimulusHCl

(conductivity of water)،  150

[37]

I.2.5. (Spectral methods )

I.1.2.5. (MS)

[38]

[TG-MS]

(

[TG-MS]

PVC/PANI]]

[MS]

 [MS-GC] [39]

 I.2.2.5. (Mössbauer)

[40]
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I.3.2.5.  (NEAR-INFRARED, NIR ) 

(NIR)

[PVC]

[NIR]

[PVC]

FT-NIR

[35]

I.4.2.5. (NUCLEAR MAGNETIC RESONANCE, NMR)

NMRPVC

[41]

NMR1H-NMR13C 

[42]

I.5.2.5.  (INDUCTIVELY COUPLED 

PLASMA EMISSION SPECTROSCOPY)
[43]

PVCBa, Cd, Co, 

Cu, Fe, Mg, Mn, Mo, Ni, Pb, Sr, V ، Zn

94%

I.6.2.5. (TIME-OF-FLIGHT SECONDARY ION 

MASS SPECTROMETRY, TOF-SIMS)

TOF-SIMSPVC

[44]SIMS-TOF

PVC

SIMS[45]
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I.7.2.5. (X-ray analysis)

I.1.7.2.5. SAXS

PVC

PVC ،6.5

[46]

[47]

PVC 

((Poly(ε-caprolactone )

[48]

[49]

I.2.7.2.5. WAXSWAXD

WAXS، WAXD

WAXD

 [50]

PVC510%[51]

WAXSPVCPVC

[52]

I.5.3. (CHROMATOGRAPHIC METHODS)

I.1.5.3.(Gas chromatography )

(Gas chromatography)PVC 

[35]

 

 PVC TiO$_2$ 

 HClPVC

 

 

(GC )GC
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 GC500[53]

 -GC-MS –

 

 [54]

 

 -MS .

PVC

[55]

 

I.2.5.3. (LIQUID CHROMATOGRAPHY)

(High-pressure liquid chromatography, 

HPLC)PVC

 

 [56]

 PVC

 (reverse-phase HPLC )

PVC[57]

I.6.  (Polyvinyl Chloride Applications)

(synthetic plastics)

(durability،) و

[58]

I.1.6 .(construction :)

50%(processed 

PVC )(construction)(pipes ،)

(wires،) (flooring ،)PVC

(economy)[59]
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I.1.1.6 .(PVC Pipes)

 (PVC) (water resistance ،)

(raincoats )(shower curtains)

(water pipes)PVC

،PVC (rigid 

plastic) (vent pipes)

PVChacksawpipe cutter

chemical solvent (I.23)

 (I.23:)PVC[58]

PVC

 (costsmaintenance )(environmental impact)[58]

I.2.1.6 . (PVC profiles)

 (uPVC 

profiles ) (conservatories)

 (lightweight ،)

(maintenance-free ،) (cost-effective،)
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 (I.24:)(Tudor Revival house ،)(gutters )

(downpipes )(fascia)

(timbering-half)(windows)[58]

(thermal insulation) (acoustic 

insulation) (traditional materials )

(steel،) (aluminium)

 40

 (maintenance costs)

(11.I) (k )

 R(thermal insulator)

(.I11:)[58]

 (K)(R)

UPVC

0.21

K=0.17

4.80 

0.33 30.03 

(6061)1160.00 0.00086 

(5052)960.00 0.00104 

I.3.1.6.  (PVC floors and tiles)

PVC (PVC flooring and tiles)

(residential uses)(garages)(durable 

flooring) (harsh environmental conditions)
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(heavy loads)(waterproof)

(sound insulating،)

(low maintenance )

(cost-effective)

(anti-static grades)

I.4.1.6 . PVC (PVC Siding) 

  (PVC Siding) (plastic cladding )

(weather protection)(insulation)

(exterior decoration) PVC 

(residential construction)

(traditional materials)

I5.16.(PVC liners)

(PVC liners)

(good chemical and physical properties)(heat 

welding)PVC.

 (Geo-membranes )

 (landfill liners)

PVC(flexible PVC liner systems)

(drinking water reservoirs)

[60]

(Geo-fabrics)(permeable fabrics ،)

(soil،)(separation)

I.2.6 . (Coating and Industrial Fabrics)

PVC(Coated Materials)

[61]

 (Tarpaulins)

 (Awnings)

 (Tentage)

 (Ventilation Ducting)
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I.3.6 .(Food Packaging)

(PVC )(Major 

Thermoplastic Materials)(Food Packaging)

(Western Europe)

[62]

 (Bottles:)12

 (Rigid Thermoformed Foil:)12

 (Cling Film:)10

 (Cap Sealing:)3

I.4.6. (Medicine and Healthcare)

(PVC)

(Healthcare)25%

[63]Medical Devices) (PVC

(Blood Bags)(Heart-Lung Bypass 

Sets)(Endotracheal Tubes)

(Intravenous Solution Dispensing Sets)

I.5.6. (Engineering and Environmental Applications)

PVC

 (heat welding )

(RF -Radio Frequency )[60].

 (Geo-membranes:)

(landfill liners) (secondary 

containment liners)(pond liners)

(artificial lake liners ،)

  (Geo-fabrics)(geotextiles:)

(permeable fabrics)(soil،)
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 (separation ،)(filtration)(reinforcement ،)

 (protection) (drainage)

PVC (flexible PVC liner systems)

(drinking water reservoirs)

I.6.6. (Other Diverse Applications)

I.1.6.6. (PVC Insulation, Wires and Cables)

pPVC

(insulating material) (electrical wires and cables)

(electrical insulation)

[58]

I.2.6.6. (Home and commercial applications)

PVC (homes )

(curtains،) (vinyl-backed carpeting)

PVC (fencing)

I.3.6.6. (Electronic Accessories) 

PVC

PVC

(absorptive cleaning)(dust particles )

(bacteria)



5202 

 

43 

 

[1] K. Mulder and M. Knot, "PVC plastic: a history of systems development 

and entrenchment," Technology in Society, vol. 23, pp. 265-286, 2001. 

[2] M. Kaufman, The History of PVC: The Chemical and Industrial Production 

of Polyvinyl Chloride: Maclaren, 1969. 

[3] Y. Furukawa, Staudinger, carothers, and the emergence of macromolecular 

chemistry: The University of Oklahoma, 1983. 

[4] W. Titow, "Cellular PVC Materials and Products," in PVC Technology, ed: 

Springer, 1984, pp. 1067-1102. 

[5] C. M. Abreu, A. C. Fonseca, N. M. Rocha, J. T. Guthrie, A. C. Serra, and J. 

F. Coelho, "Reversible deactivation radical polymerization of vinyl 

chloride," in Reversible Deactivation Radical Polymerization: Mechanisms 

and Synthetic Methodologies, ed: ACS Publications, 2018, pp. 227-261. 

[6] N. S. Isaacs, "Physical organic chemistry," (No Title), 1995. 

[7] K. Endo, "Synthesis and structure of poly (vinyl chloride)," Progress in 

Polymer science, vol. 27, pp. 2021-2054, 2002. 

[8] J. Purmova, K. F. Pauwels, W. Van Zoelen, E. J. Vorenkamp, A. J. 

Schouten, and M. L. Coote, "New insight into the formation of structural 

defects in poly (vinyl chloride)," Macromolecules, vol. 38, pp. 6352-6366, 

2005. 

[9] T. Xie, A. Hamielec, P. Wood, and D. Woods, "Suspension, bulk, and 

emulsion polymerization of vinyl chloride—Mechanism, kinetics, and 

reactor modelling," Journal of Vinyl Technology, vol. 13, pp. 2-25, 1991. 

[10] A. Crosato‐Arnaldi, P. Gasparini, and G. Talamini, "The bulk and 

suspension polymerization of vinyl chloride," Die Makromolekulare 

Chemie: Macromolecular Chemistry and Physics, vol. 117, pp. 140-152, 

1968. 

[11] J. Ugelstad, H. Fløgstad, T. Hertzberg, and E. Sund, "On the bulk 

polymerization of vinyl chloride," Die Makromolekulare Chemie: 

Macromolecular Chemistry and Physics ،vol. 164, pp. 171-181, 1973. 

[12] A. Hamielec, R. Gomez-Vaillard, and F. Marten, "Diffusion-controlled free 

radical polymerization. effect on polymerization rate and molecular 

properties of polyvinyl chloride," Journal of Macromolecular Science—

Chemistry ،vol. 17, pp. 1005-1020, 1982. 

[13] G. Talamini, A. Visentini, and J. Kerr, "Bulk and suspension polymerization 

of vinyl chloride: the two-phase model," Polymer, vol. 39, pp. 1879-1891, 

1998. 

[14] G. Talamini, J. Kerr, and A. Visentini, "Bulk and suspension polymerisation 

of vinyl chloride at high conversion," Polymer, vol. 39, pp. 4379-4384, 

1998. 

[15] N. G. Gaylord and M. Nagler, "Suspension polymerization of vinyl chloride 

with peroxyester-stannous chloride catalyst system," Polymer Bulletin, vol. 

8, pp. 395-399, 1982. 



5202 

 

44 

 

[16] M. Ravey, "JA Waterman, LM Shorr, and M. Kramer," J. Polym. Sci., 

Polym. Chem. Ed, vol. 12, p. 2821, 1974. 

[17] M. Zerfa and B. Brooks, "Experimental investigation of vinyl chloride drop 

behavior during suspension polymerization," Journal of applied polymer 

science, vol. 65, pp. 127-134, 1997. 

[18] C. Kiparissides, G. Daskalakis, D. Achilias, and E. Sidiropoulou, "Dynamic 

simulation of industrial poly (vinyl chloride) batch suspension 

polymerization reactors," Industrial & engineering chemistry research, 

vol. 36, pp. 1253-1267, 1997. 

[19] J. Ugelstad, P. Mork, P. Dahl, and P. Rangnes, "A kinetic investigation of 

the emulsion polymerization of vinyl chloride," in Journal of Polymer 

Science Part C: Polymer Symposia, 1969, pp. 49-68. 

[20] E. Peggion, F. Testa, and G. Talamini, "A kinetic study on the emulsion 

polymerization of vinyl chloride," Die Makromolekulare Chemie: 

Macromolecular Chemistry and Physics, vol. 71, pp. 173-183, 1964. 

[21] S. Omi, E. Shiiyama, K. I. Sakurai, H. Yoshimoto, M. Iso, A. Nakano, et 

al., "Modification of polyvinyl chloride‐vinyl acetate latex by seed 

emulsion polymerization of acrylic monomers," Polymer international, 

vol. 30, pp. 271-279, 1993. 

[22] S. Forcolin, A. Marconi, A. Ghielmi, A. Butté, G. Storti ،and M. Morbidelli, 

"Coagulation phenomena in emulsion polymerisation of vinyl chloride," 

Plastics, rubber and composites, vol. 28, pp. 109-115, 1999. 

[23] B. Sæthre and M. Gilbert, "Peroxide crosslinking of plasticized poly (vinyl 

chloride)," Polymer, vol. 37, pp. 3379-3386, 1996. 

[24] G. Wypych, PVC formulary: Elsevier, 2025. 

[25] J. Chen, Z. Liu, X. Nie, Y. Zhou, J. Jiang, and R. E. Murray, "Plasticizers 

derived from cardanol: synthesis and plasticization properties for polyvinyl 

chloride (PVC)," Journal of Polymer Research, vol. 25, pp. 1-14, 2018. 

[26] S. V. Levchik and E. D. Weil, "Overview of the recent literature on flame 

retardancy and smoke suppression in PVC," Polymers for advanced 

technologies, vol. 16, pp. 707-716, 2005. 

[27] M. Edraki, M. Sheydaei, E. Alinia-Ahandani, and E. Nezhadghaffar-

Borhani, "Polyvinyl chloride: chemical modification and investigation of 

structural and thermal properties," Journal of Sulfur Chemistry, vol. 42, pp. 

397-409, 2021. 

[28] H. E. Wiebking, "The performance of ultrafine talc in rigid PVC," Journal 

of Vinyl and Additive Technology, vol. 2, pp. 187-189, 1996. 

[29] F. Yang and V. Hlavacek, "Improvement of PVC wearability by addition of 

additives," Powder technology, vol. 103, pp. 182-188, 1999. 

[30] S. Mansour, B .Iskander, and L. Nasrat, "Effect of various temperature 

environments on the performance of PVC/ATH composites as insulating 

material," Polymer-Plastics Technology and Engineering, vol. 45, pp. 857-

863, 2006. 



5202 

 

45 

 

[31] H. Wang, H. Wang, Z. Guo, S. Qi, and C .Tian, "Flame retardant property 

of Sb2O3/SnO2 and their synergism in flexible PVC," Journal of fire 

sciences, vol. 24, pp. 195-210, 2006. 

[32] G. Wypych, Handbook of UV degradation and stabilization: ChemTec 

Publishing, 2020. 

[33] C. Chen, R. Wesson, J. Collier, and Y. Lo, "Studies of rigid poly (vinyl 

chloride)(PVC) compounds. IV. Fusion characteristics and morphology 

analyses," Journal of applied polymer science, vol. 58, pp. 1107-1115, 

1995. 

[34] L. J. Effler and M. T. Berard, "Enhanced impact modifier for rigid PVC 

formulations," Journal of Vinyl and Additive Technology, vol. 9, pp. 19-25, 

2003. 

[35] G. Wypych, PVC degradation and stabilization: Elsevier, 2025. 

[36] R. Font, A. Gálvez, J. Moltó, A. Fullana, and I. Aracil, "Formation of 

polychlorinated compounds in the combustion of PVC with iron 

nanoparticles," Chemosphere, vol. 78, pp. 152-159, 2010. 

[37] N. Yagoubi, A. Baillet, B. Legendre, A. Rabaron, and D. Ferrier, "β‐

radiation effects on PVC materials: Methodology for studying chemical 

modifications," Journal of applied polymer science, vol. 54, pp. 1043-1048, 

1994. 

[38] R. Sanderson, D. Schneider, and I. Schreuder, "Synthesis and evaluation of 

dialkyl furan‐2, 5‐dicarboxylates as plasticizers for PVC," Journal of 

applied polymer science, vol. 53 ،pp. 1785-1793, 1994. 

[39] W. Barendswaard, J. Moonen, and M. Neilen, "Analysis of polymer 

stabilizers by means of solid state NMR: some case studies," Analytica 

chimica acta, vol. 283, pp. 1007-1024, 1993. 

[40] J. W. Burley, "Mechanistic aspects of the thermal stabilisation of PVC by 

organotin compounds," Applied organometallic chemistry, vol. 1, pp. 95-

113, 1987. 

[41] W. Starnes Jr, "Mechanistic aspects of the degradation and stabilization of 

poly (vinyl chloride)," Developments in polymer degradation ،vol. 3, p. 

135, 1981. 

[42] W. Stames, F. Schilling, I. Plitz, R. Cais, and F. Bovey, "Detailed 

microstructure and concentration of the chlorinated n-butyl branches in 

poly (vinyl chloride)," Polymer Bulletin, vol. 4, pp. 555-562, 1981. 

[43] L. S. Pereira, M. F. Pedrotti, T. M. Miceli, J. S. Pereira, and E. M. Flores, 

"Determination of elemental impurities in poly (vinyl chloride) by 

inductively coupled plasma optical emission spectrometry," Talanta, vol. 

152, pp. 371-377, 2016. 

[44] J. E. Weier, "The influence of acrylic impact modifiers on the weld strength 

of extruded rigid PVC," Journal of Vinyl and Additive Technology, vol. 3, 

pp. 21-27, 1997. 

[45] A. Van den Berg, P. D. Van der Wal, M. Skowronska-Ptasinska, E. J. 

Sudholter, D. N. Reinhoudt, and P .Bergveld, "Nature of anionic sites in 



5202 

 

46 

 

plasticized poly (vinyl chloride) membranes," Analytical chemistry, vol. 

59, pp. 2827-2829, 1987. 

[46] H. Utschick, M. Ritz, H.-J. Mallon, M. Arnold, W. Ludwig, A. Kettrup, et 

al., "Investigations on the thermal degradation of post-chlorinated 

polyvinyl chloride," Thermochimica acta, vol. 234, pp. 139-151, 1994. 

[47] A. Ferrero and E. Ferracini, "X-ray study of microstructure of slightly 

plasticized poly-(vinylchloride)(PVC)," Colloid and Polymer Science, vol. 

265, pp .498-505 ،1987. 

[48] W. Liu, R. Zhang, M. Huang, X. Dong, W. Xu, N. Ray, et al., "Design and 

structural study of a triple-shape memory PCL/PVC blend," Polymer, vol. 

104, pp. 115-122, 2016. 

[49] A. Tyagi, P. Verma, and S. Puravankara, "Effect of pore morphology on the 

enhanced potassium storage in hard carbon derived from polyvinyl chloride 

for K-ion batteries," Electrochimica Acta, vol. 464, p. 142903, 2023. 

[50] S. J. Guerrero, H. Veloso, and E. Randon, "On the analysis of wide-angle X-

ray diffraction curves of poly (vinyl chloride) samples," Polymer, vol. 31, 

pp. 1615-1622, 1990. 

[51] B. Diego, L. David, E. Girard‐Reydet, J. M. Lucas, and O. Denizart, 

"Multiscale morphology and thermo‐mechanical history of poly (vinyl 

chloride)(PVC)," Polymer international, vol. 53, pp. 515-522, 2004. 

[52] K. Pielichowski and B. Świerz-Motysia, "Influence of polyesterurethane 

plasticizer on the kinetics of poly (vinyl chloride) decomposition process," 

Journal of thermal analysis and calorimetry, vol. 83, pp. 207-212, 2006. 

[53] P. Carty, D. Price, and G. John Milnes, "Chlorinated poly (vinyl chloride) 

and plasticized chlorinated poly (vinyl chloride)—thermal decomposition 

studies," Journal of Vinyl and Additive Technology, vol. 8, pp. 227-237, 

2002. 

[54] M. Beardsley and C. D. Adams, "Modeling and control of vinyl chloride in 

drinking water distribution systems," Journal of Environmental 

Engineering, vol. 129, pp. 844-851, 2003. 

[55] X. Chen, Y. Xie, J. Wang, Z. Shi, J. Zhang, H. Wei, et al., "Presence of 

different microplastics promotes greenhouse gas emissions and alters the 

microbial community composition of farmland soil," Science of the Total 

Environment, vol. 879, p. 162967, 2023. 

[56] M. I. Tavares, E. E. Monteiro, R. K. Harris, and A. M. Kenwright, "NMR 

study of plasticized PVC," European polymer journal, vol. 30, pp. 1089-

1095, 1994. 

[57] I. Jakubowicz and K. Möller, "An FTIR, impact strength and thermal 

analysis investigation of a PVC window frame naturally aged for 20 years," 

Polymer degradation and stability, vol. 36, pp. 111-120, 1992. 

[58] G. Akovali, "Plastic materials: polyvinyl chloride (PVC)," in Toxicity of 

building materials, ed: Elsevier, 2012, pp. 23-53. 

[59] J. Thornton, "Environmental impacts of polyvinyl chloride (PVC) building 

materials," Washington, DC: Healthy Building Network, 2002. 



5202 

 

47 

 

[60] F. Pacheco-Torgal, S. Jalali, and A. Fucic, Toxicity of building materials: 

Elsevier, 2012. 

[61] E. Mattinson, "The coating of fabrics with PVC," Journal of the Textile 

Institute Proceedings, vol. 51, pp. P690-P698, 1960. 

[62] S. Gad, M. Mohamed, M. E. El-Zalaki, and S. Z. Mohasseb, "Effect of 

processing on phosphorus and phytic acid contents of some Egyptian 

varieties of legumes," Food Chemistry, vol. 8, pp. 11-19, 1982. 

[63] C. Blass, C. Jones, and J. Courtney, "Biomaterials for blood tubing: the 

application of plasticised poly (vinyl chloride),"  vol. 15, ed: SAGE 

Publications Sage UK: London, England, 1992, pp. 200-203. 

[64] R. J. Jaeger and R. J. Rubin, "Plasticizers from plastic devices: extraction, 

metabolism, and accumulation by biological systems," Science, vol. 170, 

pp. 460-462, 1970. 

[65] J. A. Thomas, M. J. Thomas, and S. D. Gangolli, "Biological effects of di-

(2-ethylhexyl) phthalate and other phthalic acid esters," CRC critical 

reviews in toxicology, vol. 13, pp. 283-317, 1984. 

[66] R. Ahmed, S. Price, P. Grasso, and R. Hinton, "Hepatic nuclear and 

cytoplasmic effects following intermittent feeding of rats with di (2-

ethylhexyl) phthalate," Food and chemical toxicology, vol. 28, pp. 427-434, 

1990. 

 



 

 

 

 

نانو : ثانيالفصل ال
 جسيمات الفضة



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 49 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(Ag NPs)

.1.II

(Nanosilver)1889

(Lea)[1](citrate)

(silver colloids)

1001897(Collargol) 

،(Algaedyn)1954

(disinfectants)

(nanotechnology) (AgNPs)، 

 

.2.II (AgNPs)

(AgNPs)1100

[2](Green Chemistry) 

(Silver Nanoparticles)

(Polysaccharides)(Tollens' Reagent)،



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 50 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(oligodynamic)
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 (.II1:).  (Silver Nanoparticles). 

II.3 . 

(AgNPs) (Ag°)

(Capping Layer)

 

 (.II2:).  (Silver Nanoparticles). 

II.1.3.

(Ag°)

[4]
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II.2.3.(Capping Layer)

-  (Polyvinylpyrrolidone – PVP)

(Steric Barriers)(Biological 

Toxicity)[5]

- (Trisodium Citrate)

[6]

- (Phytochemicals:)(Green 

Synthesis) (Flavonoids)

((Polyphenols 
[7]

II.4.

(.3.II:)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 52 الجــزء النــــــــــــــــــــــــــــــــــظري

 

II .1.4 . 

[8]((Sputtering (Evaporation) 

(Stable colloids) 

. II 

(gas)

(morphology)

 (agglomeration)

( (intermetallic compounds

[9]

II

(Electric Arc Discharge device)

(Silver)[10]

 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 53 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(AgNPs)

II..3.1.4 

 (Laser Ablation method)(pulsed 

laser) 

(plasma cloud) ، (nucleation) 

 (photon absorption)

(plasmon excitation )

(Cetyltrimethylammonium Bromide) (Polyvinylpyrrolidone) 

[11]

II.4.1.4.

(Physical Vapor 

Deposition)(Arc Evaporation) (Sputtering) [12]

(cathodic arc source)

[13]

(Ions)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 54 الجــزء النــــــــــــــــــــــــــــــــــظري

 

II.2.4.

(AgNPs)

)+(Ag(silver salt 

precursor)(AgNPs)

) 4NaBH[14]

(TSC)

(photochemical) ،

(electrochemical)، (sonochemical)

 (monomer concentration)

(burst nucleation)

(precipitation)[15]،

(new seeds)،

 (stabilizers)PVP

CTABAgNPs

II.1.2.4.(AgNPs)

 (Chemical Reduction)

(AgNPs)(colloidal ) (organic solutions) 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 55 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(nanospheres)، (nanoprisms) (nanoplates)

 (salt precursor): 

(nucleation)

[16]

  (reducing agent)

(nuclei)،4NaBH

 (N, N-Dimethylformamide)،

(Ascorbic Acid)،(Ethylene Glycol)،

 (Formaldehyde).

 (stabilizer)

pH)([17] ،



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 56 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(.II4.:)

II..2.2.4 (Photochemical Method)

(AgNPs)

(hydrated electrons)

)+(Ag)0(Ag[18]

 (UV light)

 

 

)+(Ag

(illuminated region)،



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 57 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(Polymeric films)

II.3.2.4. (Electrochemical Method)

(electrolytic 

solution))+(Ag)0(Ag

(AgNPs) 

(electrolytic 

solution)

[19]

II.4.2.4.

(silver precursors)

(microwave irradiation)

(AgNPs)[20]

(precursor concentration)

(chirality of reducing agents)

(polar molecules) 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 58 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(microwave electric field)

II.3.4 .

(AgNPs)(Microorganisms)

 (genes )

[21]

AgNPsAgNPs

)+(Ag

)+(Ag)0(Ag

(O-H) (=C-H) 

[22]

(callus)(rhizomes)

II.1.3.4 .

AgNPs

 AgNPs

(biomass) ،(supernatant)،

AgNPs

AgNPs

(organic substances)، 

 (exopolysaccharides) ،(peptides) ،



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 59 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(C-type cytochromes) C

(enzymes) AgNPs

 (lactate dehydrogenase)

(methionine،)(cysteine،)(lysine،)

(arginine،)

NADHAgNPs

NADH+NAD

AgNPs

AgNPsAgNPs

(II.5.:)[23]

II.2.3.4.

AgNPs

AgNPs

(mycelia)(fungal cell-free 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 60 الجــزء النــــــــــــــــــــــــــــــــــظري

 

filtrate)AgNPs

AgNPs

Fusarium oxysporum، Trichodermaharzianum ،Penicilliumpolonicum ،

Phomopsis liquidambaris  F.oxysporum

AgNPs

AgNPs

 (xylanas)(naphthoquinones) 

(anthraquinones)،(quinone derivatives) ،

AgNPs

AgNPs(carbon and nitrogen)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 61 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(II.6:).[23]

II.3.3.4.

(Algae)

(biologically active organic substances)، (carbohydrates)

 (enzymes)،(proteins)(vitamins)

(pigments)،(secondary metabolites)، 

(AgNPs)

AgNPs

(spheres)(triangles)،(cubes)(rods) ،

(wires)،(hexagons)(pentagons)

AgNPs(silver precursor ratio) 

(pH of the mixture)،(incubation time)

(biosynthesis)AgNPs (algae 

extract)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 62 الجــزء النــــــــــــــــــــــــــــــــــظري

 

AgNPs

II.4.3.4 .

(AgNPs)

(bark)

(peel،)(callus)(leaves،)(flowers)(fruits)

(stems،)(seeds)(rhizomes،)

(biosynthesis)AgNPs

(organic components) (enzymes)

(alcohols ،)(flavonoids،)(alkaloids)(quinones،)

(oils)(terpenoids،)(phenolic compounds)

(hydroxyl،)

(carbonyl،)(amido-gene)

)+(Ag)0(Ag 

AgNPs

AgNPs

AgNPs

AgNPs



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 63 الجــزء النــــــــــــــــــــــــــــــــــظري

 

 (II.7:).

II.5. (Silver Nanoparticles – AgNPs) 

 (II.8:).(AgNPs)

II.1.5. 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 64 الجــزء النــــــــــــــــــــــــــــــــــظري

 

[24 ,25]989

(Spherical)(Triangular)(Hexagonal) 

 (111)

[26] (100)[27]

II.2.5.

(Surface Plasmon 

Resonance – SPR)

7SPR400490[28 ,29]

(Localized Surface Plasmon Resonance – LSPR)

[30]

II.3.5.(Biological Properties)

(Antibacterial)

(Antifungal)(Antiviral) ،(Wound 

Healing) (Cancer Cells)[31 ,32]

(Electrostatic 

Attraction)

[33 ,34]

II.4.5.(Electrical Properties) 

(Electrical Conductivity)

(Temperature)(Surface 

Resistivity)(Debye Temperature) [35] 

II.5.5.(Thermal Properties)

(Melting Range) 450

36[35]



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 65 الجــزء النــــــــــــــــــــــــــــــــــظري

 

II.6.5.

(Banana Peel)(Cynara scolymus.L)

0.03

0.2550%

25 [36 ,37]

(II.9:).

II.6.

 (AgNPs)

(Bio-distribution) (Toxicity) 

(II.10.)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 66 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(II.10:).

II.1.6.  (UV-Visible)

(UV-vis)

(Silver Nanoparticles, AgNPs) ،

)(AgNPs[38]AgNPs

UV-vis

(Nanoparticles)

(Colloidal Suspensions)

AgNPs(Conduction Band & Valence Band)

 (Surface Plasmon Resonance, SPR)

 [39 ,40]AgNPs

(Metal Nanoparticles)2100[41]

AgNPs12

SPRUV-vis



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 67 الجــزء النــــــــــــــــــــــــــــــــــظري

 

II.2.6. (X-ray Diffraction)

(XRD)

[42]X

XRD

(JCPDS)

XRD

 [43]

(Bragg’s Law)

X

[44]

.II3.6.(Dynamic Light Scattering)

DLS

(Biological Activities)DLS

1[45]

(Rayleigh Scattering)

(Hydrodynamic Diameter)DLS 

(TEM)

(Aqueous and 

Physiological Solutions) [46]

II.4.6 .(Fourier Transform Infrared)

FTIR 

~(3-10)

[47]



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 68 الجــزء النــــــــــــــــــــــــــــــــــظري

 

ATR-FTIR (Attenuated 

Total Reflection FTIR)[48]

II.5.6.(X-ray Photoelectron Spectroscopy)

XPS (Electron 

Spectroscopy for Chemical Analysis, ESCA)[49]

P=S ،O–C ،C=O[50]

II.6.6.   (Scanning Electron Microscopy) 

SEM

EDX

II.7.6. (Transmission Electron Microscopy) 

TEM

SEM 

II.8.6. (Atomic Force Microscopy) 

AFM

(Contact Mode)(Non-contact Mode)

(Intermittent Mode)

[53]

II.9.6.  (Localized Surface Plasmon Resonance) 

LSPR 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 69 الجــزء النــــــــــــــــــــــــــــــــــظري

 

LSPR

[54]

II.7.

II.1.7.

(Ag NPs)

(II.11:).

.1.1.7. II 

(Ag NPs) 

(DNA)Ag NPs

[26]Ag NPs(E. coli)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 70 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(Salmonella typhi) (S.aureus)،

 (Candida albicans) (Cryphonectria sp)Ag 

NPs[55]

Ag NPs(HIV)

(HBV)BAg NPs 

Ag NPs

Ag NPs (Azadirachta 

indica) 

(Karyn M. Soto)Ag NPs

Ag NPs

L. monocytogenes13.5

(μg/mL )100Ag NPs

E. coli O157(OD)0.42

(μL)100

II.2.1.7.

Ag  NPs10-1000

(nanorobots)

(faster metabolism)

 (longer plasma half-life)

(endothelium-mediated targeted drug delivery) 

II.3.1.7.



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 71 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(NPs)(imaging 

techniques)(Ag NPs)

(photothermal therapy)[59]

(Arginine)Ag NPs

(optical sensor)(nucleosides) Ag NPs

 (radiotherapy) ،Ag NPs

(Abhirami Santhosh)Ag NPs

(Mercury)

II.2.7 .

(Ag NPs)Ag NPs

(printed electronics)(ink formation).

II.1.2.7 .

(Ag NPs)

(dye reduction)(silica spheres)Ag NPs

Ag NPs [60]

(chemilluminescence)Ag NPs

 (gold and platinum emulsions)

II.2.2.7. 

 (Colorimetric techniques )(Ag 

NPs)(Au NPs)

Ag NPs

) II(Pb(dithizone)

Ag NPsAconitum violaceum



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 72 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(colorimetric lead sensors) Ag NPs

)2O2(HAg NPs

2O2H

II.3.2.7. 

 (Ag NPs)

[62]Ag NPs

Ag NPs(bacteria)[63]

Ag NPs

 .(salt detoxification)

II.3.7. 

(Optoelectronic methodologies)

(OLEDs)(PLEDs)،

(fiber 

optic communications)، (photoconverters)، (device 

automation)[64]

II.1.3.7. 

(Flexible Printed Electronics)

 (Ag NPs)

(high-efficiency conductive inks)

Ag NPs

(sintering process)[65]



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 73 الجــزء النــــــــــــــــــــــــــــــــــظري

 

 Ag NPs(printed Ag NPs film)

 Ag NPs

 Ag NPs5100

sintering)(inkjet ink)  Ag NPs

(spherical colloidal Ag NPs)5-7 10% 

(α- terpineol)300(μm)80

[66] (Cm.μΩ)3

(effective lead-free nano-silver 

paste)(lead solder alternative)

(high-temperature lead-rich solder)

(lead-free silver paste)

(copper bases)(silicon diode chips)350

(nitrogen environment )[67](additional 

pressure). 

 Ag NPs8.5 (Ag NPs Paste)

(Copper-to-Copper)

  Ag NPsAg NPs

(free-Lead)(≥ 2mm

10)[68]

(Dynamic Digital Displays)

(Inkjet Printing)Ag NPs

[69]

)2O2(HAg NPs

 (Inkjet Printing)



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 74 الجــزء النــــــــــــــــــــــــــــــــــظري

 

G/Ag NPs

(Flexible Printed Electronics)

Ag NPs [70]

(Nanocellulose)Ag NPs

 (Conductive Inks )(Screen Printing)

NFC

)Klabin(Nanocellulose)NFC[71]

(Electronics)

Ag NPs  (Chemical Reduction)

[72](Polyethylene Glycol, PEG)

(Ethylene Glycol, EG) Ag NPsOP-10

Ag NPsnm40Ω.cm 5.1×10−3 

 (Inkjet Printing)  

(Flexible Electrodes)  (Printed Silver Inks) 

(Flexible Biosensors)

II.2.3.7. (Transparent Conductive Films, TCFs)

(Indium Tin Oxide, ITO)

 (Transparent Conductive Film)،

(Light-emitting Devices)

(Touch Panels،)(Solar Cells)(Displays)

(Ag NPs) [65]

TCFsAg  NPs

(Electrical Conductivity) ، (Mechanical Robustness)،

(Transparency)،



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 75 الجــزء النــــــــــــــــــــــــــــــــــظري

 

(Optoelectronic Devices)Ag-rGO

 (Electronics )

(FTCF)(Silver 

Nanowires Ink, Ag NWs)  (Electrical Conductors)

(TCFs Applications)(Touch Panels)

[64]

II.3.3.7.  (Plasmonic Devices)

(Ag NPs)  (Electrode 

Substrates) (Biosensors)

(Electrochemical Properties)،Ag NPs

 (Localized Surface 

Plasmon Resonance, LSPR) ،[65]

Ag NPs(Plasmonic Cubic-shaped Silver 

Nanoparticles, Ag NPs)Personal Communication 

Services (Ag nanospheres)

Ag NPs(Cubic-shaped Ag NPs)

Ag NPs

PCS75]-[73Ag NPs (like Ag NPs-Flower)

(Rhodamine)6 G (Surface-Enhanced Raman 

Scattering Substrates, SERS)  

.LSPR



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 76 الجــزء النــــــــــــــــــــــــــــــــــظري

 

[1] S.-j. Yu, Y.-g. Yin, and J.-f. Liu, "Silver nanoparticles in the environment," 

Environmental Science: Processes & Impacts, vol. 15, no. 1, pp. 78-92, 

2013. 

[2] T. Klaus, R. Joerger, E. Olsson, and C.-G. Granqvist, "Silver-based 

crystalline nanoparticles, microbially fabricated," Proceedings of the 

National Academy of Sciences, vol. 96, no. 24, pp. 13611-13614, 1999. 

[3] T. Pradeep, "Noble metal nanoparticles for water purification: a critical 

review," Thin solid films, vol. 517, no. 24, pp. 6441-6478 ،2009. 

[4] P. V. Kumar, S. Pammi, P. Kollu, K. Satyanarayana, and U. Shameem, 

"Green synthesis and characterization of silver nanoparticles using 

Boerhaavia diffusa plant extract and their anti bacterial activity," Industrial 

Crops and Products, vol. 52 ،pp. 562-566, 2014. 

[5] M. J. Hajipour et al., "Antibacterial properties of nanoparticles," Trends in 

biotechnology, vol. 30, no. 10, pp. 499-511, 2012. 

[6] P. Lee and D. Meisel, "Adsorption and surface-enhanced Raman of dyes on 

silver and gold sols," The Journal of Physical Chemistry, vol. 86, no. 17, 

pp. 3391-3395, 1982. 

[7] J. Y. Song and B. S. Kim, "Rapid biological synthesis of silver nanoparticles 

using plant leaf extracts," Bioprocess and biosystems engineering, vol. 32, 

pp. 79-84, 2009. 

[8] V. Amendola and M. Meneghetti, "Laser ablation synthesis in solution and 

size manipulation of noble metal nanoparticles," Physical chemistry 

chemical physics, vol. 11, no. 20, pp. 3805-3821, 2009. 

[9] T. P. Yadav, R. M. Yadav, and D. P. Singh, "Mechanical milling: a top down 

approach for the synthesis of nanomaterials and nanocomposites," 

Nanoscience and Nanotechnology, vol. 2, no. 3, pp. 22-48, 2012. 

[10] D.-C. Tien, K.-H. Tseng, C.-Y. Liao, J.-C. Huang, and T.-T. Tsung, 

"Discovery of ionic silver in silver nanoparticle suspension fabricated by 

arc discharge method," Journal of alloys and compounds, vol. 463, no. 1-

2, pp. 408-411, 2008. 

[11] P. Díaz-Núñez et al., "Effect of organic stabilizers on silver nanoparticles 

fabricated by femtosecond pulsed laser ablation," Applied Sciences, vol. 7, 

no. 8, p. 793, 2017. 

[12] S. Shang and W. Zeng, "Conductive nanofibres and nanocoatings for smart 

textiles," in Multidisciplinary know-how for smart-textiles developers: 

Elsevier, 2013, pp. 92-128. 

[13] A. M. A. Mubarak, E .H. E. Hamzah, and M. T. M. Tofr, "Review of 

physical vapour deposition (PVD) techniques for hard coating," Jurnal 

Mekanikal, 2005. 

[14] S. Iravani, H. Korbekandi, S. V. Mirmohammadi, and B. Zolfaghari, 

"Synthesis of silver nanoparticles: chemical, physical and biological 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 77 الجــزء النــــــــــــــــــــــــــــــــــظري

 

methods," Research in pharmaceutical sciences, vol. 9, no. 6, pp. 385-406, 

2014. 

[15] E. C. Vreeland et al., "Enhanced nanoparticle size control by extending 

LaMer’s mechanism," Chemistry of Materials, vol. 27, no. 17, pp. 6059-

6066, 2015. 

[16] R. Dondi, W. Su, G. A. Griffith, G. Clark, and G. A. Burley, "Highly Size‐

and Shape‐Controlled Synthesis of Silver Nanoparticles via a Templated 

Tollens Reaction," Small, vol. 8, no. 5, pp. 770-776, 2012. 

[17] N. Ahmad, B. Ang, M. Amalina, and C .Bong, "Influence of precursor 

concentration and temperature on the formation of nanosilver in chemical 

reduction method," Sains Malaysiana, vol. 47, no. 1, pp. 157-168, 2018. 

[18] M. Zaarour et al., "Photochemical preparation of silver nanoparticles 

supported on zeolite crystals," Langmuir, vol. 30, no. 21, pp. 6250-6256, 

2014. 

[19] Ž. Jovanović, J. Stojkovska, B. Obradović, and V. Mišković-Stanković, 

"Alginate hydrogel microbeads incorporated with Ag nanoparticles 

obtained by electrochemical method," Materials Chemistry and Physics, 

vol. 133, no. 1, pp. 182-189, 2012. 

[20] S. Horikoshi and N. Serpone, Microwaves in nanoparticle synthesis: 

fundamentals and applications. John Wiley & Sons, 2013. 

[21] S. Eckhardt, P. S. Brunetto, J. Gagnon, M. Priebe, B. Giese, and K. M. 

Fromm, "Nanobio silver: its interactions with peptides and bacteria, and its 

uses in medicine," Chemical reviews, vol. 113, no. 7, pp. 4708-4754, 2013. 

[22] M. Rengasamy, K. Anbalagan, S. Kodhaiyolii, and V. Pugalenthi, "Castor 

leaf mediated synthesis of iron nanoparticles for evaluating catalytic effects 

in transesterification of castor oil," RSC advances, vol. 6, no. 11, pp. 9261-

9269, 2016. 

[23] M. Rafique, I. Sadaf, M. S. Rafique, and M. B. Tahir, "A review on green 

synthesis of silver nanoparticles and their applications," Artificial cells, 

nanomedicine, and biotechnology, vol. 45, no. 7, pp. 1272-1291, 2017. 

[24] V. Mikrovalov, "Microwave-assisted non-aqueous synthesis of ZnO 

nanoparticles," Mater Tehnol, vol. 45, no. 3, pp. 173-177 ،2011. 

[25] A. Srivastava, A. Kulkarni, P. Harpale, and R. Zunjarrao, "Plant mediated 

synthesis of silver nanoparticles using a bryophyte: Fissidens minutus and 

its anti-microbial activity," International Journal of Engineering Science 

and Technology, vol .3 ،no. 12, 2011. 

[26] J. R. Morones et al., "The bactericidal effect of silver nanoparticles," 

Nanotechnology, vol. 16, no. 10, p. 2346, 2005. 

[27] M. A. Raza, Z. Kanwal, A. Rauf, A. N. Sabri, S. Riaz, and S. Naseem, "Size-

and shape-dependent antibacterial studies of silver nanoparticles 

synthesized by wet chemical routes," Nanomaterials, vol. 6, no. 4, p. 74, 

2016. 

[28] K. M. Abou El-Nour, A. a. Eftaiha, A. Al-Warthan, and R. A. Ammar, 

"Synthesis and applications of silver nanoparticles," Arabian journal of 

chemistry, vol. 3, no. 3, pp. 135-140, 2010. 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 78 الجــزء النــــــــــــــــــــــــــــــــــظري

 

[29] E. Abbasi et al., "Silver nanoparticles: synthesis methods, bio-applications 

and properties," Critical reviews in microbiology, vol. 42, no. 2, pp. 173-

180, 2016. 

[30] J. Khodaveisi, A. M. H. Shabani ،S. Dadfarnia, M. R. Moghadam, and M. 

R. Hormozi-Nezhad, "Simultaneous determination of protocatechuic 

aldehyde and protocatechuic acid using the localized surface plasmon 

resonance peak of silver nanoparticles and chemometric methods," 

Química Nova, vol .38 ،pp. 896-901, 2015. 

[31] F. J. Osonga et al., "Size and shape-dependent antimicrobial activities of 

silver and gold nanoparticles: A model study as potential fungicides," 

Molecules, vol. 25, no. 11, p. 2682, 2020. 

[32] S. Ahmad et al., "Green nanotechnology: A review on green synthesis of 

silver nanoparticles—An ecofriendly approach," International journal of 

nanomedicine, pp. 5087-5107, 2019. 

[33] O. Choi, C.-P. Yu, G. E. Fernández, and Z. Hu, "Interactions of nanosilver 

with Escherichia coli cells in planktonic and biofilm cultures," Water 

research, vol. 44, no. 20, pp. 6095-6103, 2010. 

[34] S. Pal, Y. K. Tak, and J. M. Song, "Does the antibacterial activity of silver 

nanoparticles depend on the shape of the nanoparticle? A study of the gram-

negative bacterium Escherichia coli," Applied and environmental 

microbiology, vol. 73, no. 6, pp. 1712-1720, 2007. 

[35] A. Syafiuddin, Salmiati, M. R. Salim, A. Beng Hong Kueh, T. Hadibarata, 

and H. Nur, "A review of silver nanoparticles: research trends, global 

consumption, synthesis, properties, and future challenges," Journal of the 

Chinese Chemical Society, vol. 64, no. 7, pp. 732-756, 2017. 

[36] H. M. Ibrahim, "Green synthesis and characterization of silver nanoparticles 

using banana peel extract and their antimicrobial activity against 

representative microorganisms," Journal of radiation research and applied 

sciences, vol. 8, no. 3, pp. 265-275, 2015. 

[37] A. Baran et al., "Ecofriendly/rapid synthesis of silver nanoparticles using 

extract of waste parts of artichoke (Cynara scolymus L.) and evaluation of 

their cytotoxic and antibacterial activities," Journal of Nanomaterials, vol. 

2021, no. 1, p. 2270472, 2021. 

[38] M. Sastry, V. Patil, and S. Sainkar, "Electrostatically controlled diffusion of 

carboxylic acid derivatized silver colloidal particles in thermally 

evaporated fatty amine films," the journal of physical chemistry B, vol. 102, 

no. 8, pp. 1404-1410, 1998. 

[39] R. Das, S. Nath, D. Chakdar, G. Gope, and R. Bhattacharjee, "Preparation 

of silver nanoparticles and their characterization," J Nanotechnol, vol. 5, 

no. 5, pp. 1-6, 2009. 

[40] A. Taleb, C. Petit, and M. Pileni, "Optical properties of self-assembled 2D 

and 3D superlattices of silver nanoparticles," The Journal of Physical 

Chemistry B, vol. 102 ،no. 12, pp. 2214-2220, 1998. 

[41] A. Henglein, "Physicochemical properties of small metal particles in 

solution:" microelectrode" reactions, chemisorption, composite metal 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 79 الجــزء النــــــــــــــــــــــــــــــــــظري

 

particles, and the atom-to-metal transition," The Journal of Physical 

Chemistry ،vol. 97, no. 21, pp. 5457-5471, 1993. 

[42] D. Singh, D. Pandey, R. Yadav, and D. Singh, "A study of ZnO 

nanoparticles and ZnO-EG nanofluid," Journal of Experimental 

Nanoscience, vol. 8, no. 5, pp. 731-741, 2013. 

[43] R. Das, E. Ali, and S. B. Abd Hamid" ،Current applications of x-ray powder 

diffraction-A review," Reviews on Advanced Materials Science, vol. 38, no. 

2, 2014. 

[44] H. N. Chapman et al., "Femtosecond X-ray protein nanocrystallography," 

Nature, vol. 470, no. 7332, pp. 73-77, 2011. 

[45] A. K .Patri, M. A. Dobrovolskaia, S. T. Stern, and S. E. McNeil, "Preclinical 

characterization of engineered nanoparticles intended for cancer 

therapeutics," in Nanotechnology for cancer therapy: CRC Press, 2006, pp. 

105-137. 

[46] H. Lange, "Comparative test of methods to determine particle size and 

particle size distribution in the submicron range," Particle & particle 

systems characterization, vol. 12, no. 3, pp. 148-157, 1995. 

[47] S. Gurunathan, J. W. Han, D.-N. Kwon, and J.-H. Kim, "Enhanced 

antibacterial and anti-biofilm activities of silver nanoparticles against 

Gram-negative and Gram-positive bacteria," Nanoscale research letters, 

vol. 9, pp. 1-17, 2014. 

[48] C. Press, "Boca Raton, FL, USA, 2018," Google Scholar, pp. 191-196, 2016. 

[49] A. Manna, T. Imae, K. Aoi, M. Okada, and T. Yogo, "Synthesis of 

dendrimer-passivated noble metal nanoparticles in a polar medium: 

comparison of size between silver and gold particles," Chemistry of 

materials, vol. 13, no. 5, pp. 1674-1681, 2001. 

[50] S. P. Gautam, A. K .Gupta, S. Agrawal, and S. Sureka, "Spectroscopic 

characterization of dendrimers," Int J Pharm Pharm Sci, vol. 4, no. 2, pp. 

77-80, 2012. 

[51] B. D. Ratner, A. S. Hoffman, F. J. Schoen, and J. E. Lemons, "Biomaterials 

science: an introduction to materials in medicine," 2004. 

[52] J. B. Hall, M. A. Dobrovolskaia, A. K. Patri, and S. E. McNeil, 

"Characterization of nanoparticles for therapeutics," Nanomedicine, vol. 2, 

no. 6, pp. 789-803, 2007. 

[53] K. Tiede, A. B. Boxall, S. P. Tear, J. Lewis, H. David, and M. Hassellöv, 

"Detection and characterization of engineered nanoparticles in food and the 

environment," Food additives and contaminants, vol. 25, no. 7, pp. 795-

821, 2008. 

[54] C. Sönnichsen, B. M. Reinhard, J. Liphardt, and A. P. Alivisatos, "A 

molecular ruler based on plasmon coupling of single gold and silver 

nanoparticles," Nature biotechnology, vol. 23, no. 6, pp. 741-745, 2005. 

[55] A. Panáček et al., "Antifungal activity of silver nanoparticles against 

Candida spp," Biomaterials, vol. 30, no. 31 ،pp. 6333-6340, 2009. 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 80 الجــزء النــــــــــــــــــــــــــــــــــظري

 

[56] S. Sarkar, "Silver Nanoparticles with Bronchodilators Through Nebulisation 

to Treat COVID 19 Patients," Journal of Current Medical Research and 

Opinion, vol. 3, no. 04, pp. 449–450-449–450, 2020. 

[57] A. Salleh et al., "The potential of silver nanoparticles for antiviral and 

antibacterial applications: A mechanism of action," Nanomaterials, vol. 10, 

no. 8, p. 1566, 2020. 

[58] N. Durán, P. D. Marcato, G. I. De Souza, O. L. Alves, and E. Esposito, 

"Antibacterial effect of silver nanoparticles produced by fungal process on 

textile fabrics and their effluent treatment," Journal of biomedical 

nanotechnology, vol. 3, no. 2, pp. 203-208, 2007. 

[59] C. Loo, A. Lowery, N. Halas, J. West, and R. Drezek, "Immunotargeted 

nanoshells for integrated cancer imaging and therapy," Nano letters, vol. 5, 

no. 4, pp. 709-711, 2005. 

[60] Z.-J. Jiang, C.-Y. Liu, and L.-W. Sun, "Catalytic properties of silver 

nanoparticles supported on silica spheres," The Journal of Physical 

Chemistry B, vol. 109, no. 5 ،pp. 1730-1735, 2005. 

[61] P. Prosposito, L. Burratti, and I. Venditti, "Silver nanoparticles as 

colorimetric sensors for water pollutants," Chemosensors, vol. 8, no. 2, p. 

26, 2020. 

[62] K. Sharma, G. Singh, M. Kumar, and V. Bhalla, "Silver nanoparticles: facile 

synthesis and their catalytic application for the degradation of dyes," RSC 

Advances, vol. 5, no. 33, pp. 25781-25788, 2015. 

[63] T. Murata, M. Kanao-Koshikawa, and T. Takamatsu, "Effects of Pb, Cu, Sb, 

In and Ag contamination on the proliferation of soil bacterial colonies, soil 

dehydrogenase activity, and phospholipid fatty acid profiles of soil 

microbial communities," Water, Air, and Soil Pollution, vol. 164, pp. 103-

118, 2005. 

[64] X. Wu, Z. Zhou, Y. Wang, and J. Li, "Syntheses of silver nanowires ink and 

printable flexible transparent conductive film: A review," Coatings, vol. 

10, no. 9, p. 865, 2020. 

[65] L. Mo et al., "Silver nanoparticles based ink with moderate sintering in 

flexible and printed electronics," International journal of molecular 

sciences, vol. 20, no. 9, p. 2124, 2019. 

[66] S. B. Fuller, E. J. Wilhelm, and J. M. Jacobson, "Ink-jet printed nanoparticle 

microelectromechanical systems," Journal of Microelectromechanical 

systems, vol. 11, no. 1, pp. 54-60, 2002. 

[67] M. Maruyama, R. Matsubayashi, H. Iwakuro, S. Isoda, and T. Komatsu, 

"Silver nanosintering: a lead-free alternative to soldering," Applied Physics 

A, vol. 93, pp. 467-470, 2008. 

[68] Z. Pešina, V. Vykoukal, M. Palcut, and J. Sopoušek, "Shear strength of 

copper joints prepared by low temperature sintering of silver 

nanoparticles," Electronic Materials Letters, vol. 10, pp. 293-298, 2014. 

[69] J. Natsuki, T. Natsuki, and Y. Hashimoto, "A review of silver nanoparticles: 

synthesis methods, properties and applications "،Int. J. Mater. Sci. Appl, 

vol. 4, no. 5, pp. 325-332, 2015. 



 5202 نانو جسيمات الفضة :لثــــانيالفصـــــــل ا

 

 81 الجــزء النــــــــــــــــــــــــــــــــــظري

 

[70] A. Boumegnane, A. Nadi, A. Dahrouch, A. Stambouli, O. Cherkaoui, and 

M. Tahiri, "Investigation of silver conductive ink printable on textiles for 

wearable electronics applications: effect of silver concentration and 

polymer matrix," Fibers and Polymers, vol. 24, no. 8, pp. 2977-2993, 2023. 

[71] S. Martinez-Crespiera et al., "Use of nanocellulose to produce water-based 

conductive inks with Ag NPs for printed electronics," International Journal 

of Molecular Sciences, vol. 23, no. 6, p. 2946, 2022. 

[72] N. Ibrahim, S. A. Zubir, A. Abd Manaf, and M. Mustapha, "Stability and 

conductivity of water-based colloidal silver nanoparticles conductive inks 

for sustainable printed electronics," Journal of the Taiwan Institute of 

Chemical Engineers, vol. 153, p. 105202, 2023. 

[73] K. Leonard, Y. Takahashi, J. You, H. Yonemura, J. Kurawaki, and S. 

Yamada, "Organic bulk heterojunction photovoltaic devices incorporating 

2D arrays of cuboidal silver nanoparticles: Enhanced performance," 

Chemical Physics Letters, vol. 584, pp. 130-134, 2013. 

[74] D. H. Wang et al., "Enhanced light harvesting in bulk heterojunction 

photovoltaic devices with shape-controlled Ag nanomaterials: Ag 

nanoparticles versus Ag nanoplates," Rsc Advances, vol. 2, no. 18, pp. 

7268-7272, 2012. 

[75] V. Jankovic et al., "Active layer-incorporated, spectrally tuned Au/SiO2 

core/shell nanorod-based light trapping for organic photovoltaics," ACS 

nano, vol. 7, no. 5, pp. 3815-3822, 2013. 

 



الفصل الثـالث: 
تهجين بين بوليمر 
 الفضة النانوية

 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 83 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

(PVC )

(AgNPs)PVC

 

.1.III

[1]

(metal-

glass-epoxy prepreg)

[2]

III.2 .(Hybrid Materials)

(Hybrid Materials )

(organic)

(inorganic)

[3]

[4]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 84 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

[5]

 (Class I:)

 (Class II:)

(nanomembranes)

(heterogeneous catalysis)

(sensors) (biomedical engineering)

[5] 

III.3 .

(PVC )

(AgNPs)

(clove extract)PVC7.5

(AgNO3)0.00330

100141.5

 (deionized water)30

2070

[6]

III.4.  

(SNC-PVC)

 (solution casting method)(°C22  ،)



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 85 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

PVC)+2(Ag

[7]

III .1.4.

)3(silver nitrate, AgNO (2.5 ،%

5.0 ،%7.5،%10.0)%3AgNO(cold 

distilled water)400800

1 (polyvinyl chloride, PVC)20

 (tetrahydrofuran, THF)

Ag-PVC-2.525500

 1 PVC25 THF

10

(glass plates) (casting knife) (thin 

films)72

(vacuum)50°C10

(films were peeled off).

PVC0.0 ،%2.5 ،%

5.0 ،%7.5 ،%10.0%

 (PVC – without silver) 

- Ag-PVC-2.5 

- Ag-PVC-5.0 

- Ag-PVC-7.5 

- Ag-PVC-10.0 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 86 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

2±

350±

III.2.4.

Ag-PVC250𝑚𝑚 × 250𝑚𝑚

50(trisodium citrate solution, 1 mM)

30

 (composite films)

 (tissue paper) 

°C10

- SNC-PVC-2.5 

- SNC-PVC-5.0 

- SNC-PVC-7.5 

- SNC-PVC-10.0 

 

III.5.

[8]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 87 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

(III.1.:)

III.1.5. (SEM)

PVC(AgNPs)

(Scanning Electron Microscope)

×10.000(III.2).PVC

et al) (Foralosso [9]

(1.0 %2.0)%(b c)(III.2).

4.0 %AgNPs(d)(III.2).

1.83.5

8.0 ،%(e)(III.2).

PVC [10]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 88 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

(III.2.:)(SEM)

10,000 (a) ، (b)1%(c) 2 % (d)

4% (e)8%[8]

III.2.5. EDX 

(Energy Dispersive X-ray)

(Cl) 

(Na)(Ag)S) (88.6  ±0.2 )%

(10.4  ±0.1 )%

(Trisodium Citrate)

- PVCAg1%: 0.07 ± 0.01% 

- PVCAg2%: 0.08 ± 0.02% 

- PVCAg4%: 0.46 ± 0.02% 

- PVCAg8%: 0.80 ± 0.10%

)Dimitrijević et al([11]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 89 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

III.3.5. (UV–Vis)

Ultraviolet–Visible Spectroscopy 

PVC(III.3).

(Surface Plasmon Resonance, SPR)  AgNPs

PVCAg1%PVCAg2% 430

[12]

PVCAg4%475PVCAg8%

735

l) Solomon et a( [13]Pillai & ([14] 

Kamat)SPR

[15 ,16]

(III.3.:)vis–UVPVC.[8]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 90 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

III.4.5.(FTIR)

Fourier Transform Infrared Spectroscopy PVC

PVC (AgNPs)(III.4).

PVC

-  1-1245 cm:Cl–2CH 

-  1-1430 cm:H–C

-  1-2914 cm:H–C[17]

3AgNO1-cm798 ،1265 ،17652354، و،

FTIR PVC/AgNPs

PVC1-cm

12451-cm1430Cl–₂CHH–C

1-cm29141-cm2923 

1-cm2848AgNPs PVC

3AgNO1-cm7891-1265 cm ،1-cm 2354

1-cm1-cmPVC

 PVC



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 91 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

(III.4.:)FTIR(a)PVC/ (b) 

).3(AgNO[8]

III.5.5.XRD)

(X-ray Diffraction) 

[11](III.5.)

XRD)3(AgNO PVC

(a)  (III.5).  

2θ ≈ 13.48°  30.11°

(d)4%(III. (.5PVCAg8% 

(Ag crystalline phase) ،(e)في

PVCAg1%

PVCAg2% b c 

(AgNPs )XRD

[11] 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 92 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

 

 (III.5.:)XRD(a) AgNO₃ ،(b)   PVCAg1% ، PVCAg2% (c) ،(d) 

%PVCAg4، [8](e) PVCAg8%  

III.6.5. (TGA) 

PVC PVC/AgNPs

(Thermogravimetric Analysis)(.6.III)

PVC°C253

C 36451،%HCl

dehydrohalogenation).

°C364486°C30%

C=C) ،C–C ،C–H،(C–Cl 

15%°C487

PVCAg1%PVC

(2.0 ،%4.0 ،%8.0)%



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 93 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

- PVC74%

- 470°C 690°C20%

AgNPs 

[18](3CaCO(PVC

(.6.III:)PVC[8]

III.6 .  تأثير إضافة نانو جسيمات الفضة على خصائص بولي فينيل كلوريد 

PVC

III.1.6 . SEM

AgNPsPVC

%(2% و1)

4%8%

AgNPs[9 ,10]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 94 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

III.2.6. EDX/FRX 

AgNPs

Na) ،Cl ،Cu،(…Ca AgNPs

PVC [11]

III.3.6 .

AgNPs4%

8%

[19]

III.4.6 . UV–Vis

 430–475

8%735

AgNPsPVC [41]

III.5.6. 

 AgNPsPVC

 AgNPs

PVC[17]

III.6.6.XRD

XRDAgNPs

PVC 

[11]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 95 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

III.7.6.TGA

AgNPs 2%

AgNPs

PVC[18]

PVC

III.7 .  

(PVC )

(AgNPs)

III.1.7.)S2H

PVC/Ag7%  AgNPsphase‑inversion

 ppm  50 S2H10

20[20].

- S2H 

- 

III .7.2.

 (PVC)  (AgNPs) 

47

 AgNPs 

 (E coli) 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 96 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

 (S aureus) 

III .7.3. 

 (PVC)  (AgNPs) 

 PVC 

[21]

 (AgNPs)

[22]

 PVC  AgNPs 

 PVC AgNPs 

[21] 

III .7.4. 

 (Polyvinyl chloride, PVC) 

 (Silver nanoparticles, AgNPs) 

 PVC AgNPs 

[23]



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 97 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

III .7.5. 

 (PVC)  (AgNPs) 

PVC 

 (SPR) 

 Cd(II) 

[24] 

III .7.6. 

 (PVC)  (AgNPs) 

 PVC@Ag/TiO2

PVC 

 (Energy Band Gap)  TiO2

[25]

 PVC@Ag 

 (Cd²⁺) 

 (PVC) 

 (SPR)

 (Optical Band Gap) 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 98 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

[26]

III .7.7.

 (PVC) 

 (AgNPs)  PVC 

PVC/AgNPs

[27]

(PVC)

AgNPs



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 99 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

[1] M. Aksit and V. Altstädt, "Hybrid materials-historical perspective and 

current trends," 2020. 

[2] R. Wanhill, "GLARE®: A versatile fibre metal laminate (FML) concept," 

Aerospace Materials and Material Technologies: Volume 1: Aerospace 

Materials, pp. 291-307 ،2016. 

[3] C. Sanchez, B. Julián, P. Belleville, and M. Popall, "Applications of hybrid 

organic–inorganic nanocomposites," Journal of materials chemistry, vol. 

15, pp. 3559-3592, 2005. 

[4] G. Kickelbick, Hybrid materials: synthesis, characterization, and 

applications vol. 498: Wiley-vch Weinheim, 2007. 

[5] C. J. Brinker and G. W. Scherer, Sol-gel science: the physics and chemistry 

of sol-gel processing: Academic press, 2013. 

[6] A. N. Al-Himeiri and A. H. Al-Fatlawi, "Preparation of PVC membrane 

coated with silver nanoparticles (AgNP): characterization, filtration 

performances, silver elusion". 

[7] G. Shimoga, E.-J. Shin, and S.-Y. Kim, "Silver nanoparticles incorporated 

PVC films: evaluation of structural, thermal, dielectric and catalytic 

properties," Polímeros, vol. 29, p. e2019032, 2019. 

[8] L. R. Braga, E. T. Rangel, P. A. Z. Suarez, and F. Machado, "Simple 

synthesis of active films based on PVC incorporated with silver 

nanoparticles: Evaluation of the thermal, structural and antimicrobial 

properties," Food Packaging and Shelf Life, vol. 15, pp. 122-129, 2018. 

[9] F. B. Foralosso, N. Fronza, J. H. Z. dos Santos, L. B. Capeletti, and M. G. 

N. Quadri, "The use of duo-functional PVC film for conservation of 

minimally processed apples," Food and bioprocess technology, vol. 7, pp. 

1483-1495, 2014. 

[10] L. Zhao, Y. Zhang, Y. Miao, and L. Nie, "Controlled synthesis, 

characterization and application of hydrophobic calcium carbonate 

nanoparticles in PVC," Powder technology, vol. 288, pp. 184-190, 2016. 

[11] R. Dimitrijević, O. Cvetković, Z. Miodragović, M. Simić, D. Manojlović, 

and V. Jović, "SEM/EDX and XRD characterization of silver 

nanocrystalline thin film prepared from organometallic solution 

precursor," Journal of Mining and Metallurgy B: Metallurgy, vol. 49, pp. 

91-95, 2013. 

[12] S. McClary, "Introduction: On Bodies, Affects and Cultural Identities in the 

Seventeenth Century," Structures of Feeling in Seventeenth-Century 

Cultural Expression, pp. 3-18, 2013. 

[13] L. Mulfinger, S. D. Solomon, M. Bahadory, A. V. Jeyarajasingam, S. A. 

Rutkowsky, and C. Boritz, "Synthesis and study of silver nanoparticles," 

Journal of chemical education, vol. 84, p. 322, 2007. 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 100 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

[14] Z. S. Pillai and P. V. Kamat, "What factors control the size and shape of 

silver nanoparticles in the citrate ion reduction method?," The Journal of 

Physical Chemistry B, vol. 108, pp. 945-951, 2004. 

[15] A. Stepanov, "Optical properties of metal nanoparticles synthesized in a 

polymer by ion implantation: a review," Technical Physics, vol .49 ،pp. 

143-153, 2004. 

[16] Y. Xia, Y. Xiong, B. Lim, and S. E. Skrabalak, "Shape‐controlled synthesis 

of metal nanocrystals: simple chemistry meets complex physics?," 

Angewandte Chemie International Edition, vol. 48, pp. 60-103, 2009. 

[17] M. Beltrán, J .Garcia, and A. Marcilla, "Infrared spectral changes in PVC 

and plasticized PVC during gelation and fusion," European polymer 

journal, vol. 33, pp. 453-462, 1997. 

[18] H. Zhu, X. Jiang, J. Yan, Y. Chi, and K. Cen, "TG-FTIR analysis of PVC 

thermal degradation and HCl removal," Journal of analytical and applied 

pyrolysis, vol. 82, pp. 1-9, 2008. 

[19] L. Braga, E. Rangel, P. Suarez, and F. Machado, "Simple synthesis of 

active films based on PVC incorporated with silver nanoparticles: 

Evaluation of the thermal, structural and antimicrobial properties, Food 

Packag. Shelf Life 15 (2018) 122–129," ed. 

[20] R. Chen, H. R. Morris, and P. M. Whitmore, "Fast detection of hydrogen 

sulfide gas in the ppmv range with silver nanoparticle films at ambient 

conditions," Sensors and Actuators B: Chemical, vol. 186, pp. 431-438, 

2013. 

[21] M. Maruthapandi, A. Saravanan, J. H. Luong, and A. Gedanken, 

"Antimicrobial properties of the polyaniline composites against 

Pseudomonas aeruginosa and Klebsiella pneumoniae," Journal of 

Functional Biomaterials, vol. 11, p. 59, 2020. 

[22] M. Rai, A. Yadav, and A. Gade, "Silver nanoparticles as a new generation 

of antimicrobials," Biotechnology advances, vol. 27, pp. 76-83, 2009. 

[23] M. Nawaz, S. T. Hussain, M. Saeed, S. t. Muntaha, A. Shahzad, M. T. Asif, 

et al., "Synthesis of Polyvinylidene Fluoride/Polyvinyl Chloride/Silver 

Oxide‐Based Nanocomposite Membranes and Evaluation for Its 

Application in Dialysis," Polymers for Advanced Technologies, vol. 36, p. 

e70216, 2025. 

[24] S. S. Ali, A .Ebnalwaled, G. G. Mohamed, and M. Hafez, "Evaluation of 

PVC@ Silver nanocomposite as sensor for low limit detection of 

cadmium ion by surface plasmon resonance based method," Journal of 

Inorganic and Organometallic Polymers and Materials, vol. 34, pp. 4229-

4243 ،2024. 

[25] A. Zulfi, S. Hartati, S. Nur’aini, A. Noviyanto, and M. Nasir, "Electrospun 

nanofibers from waste polyvinyl chloride loaded silver and titanium 

dioxide for water treatment applications," ACS omega, vol. 8, pp. 23622-

23632, 2023. 



 2025 تهجين بين بوليمر الفضة النانوية :لثــــالــثالفصـــــــل ا

 

 101 النــــــــــــــــــــــــــــــــــظريالجــزء 

 

[26] S. S. A. Ali, K. Ebnalwaled, G. G. Mohamed, and M. Hafez, "Evaluation of 

PVC@ Silver nanocomposite as sensor for low limit detection of 

Cadmium by SPR based method," Available at SSRN 4674357, 2024. 

[27] I. M. Deleanu, E. Grosu, A. Ficai, L. M. Ditu, L. Motelica, O.-C. Oprea, et 

al., "New Antimicrobial Materials Based on Plasticized Polyvinyl 

Chloride for Urinary Catheters: Preparation and Testing," Polymers, vol. 

16, p. 3028, 2024. 

 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 العامة  اتمة الخ



 4202/5202 ة العــــامةخاتـــــمال

 

 103 الخاتـــــمة العــــامة

 

 

 (PVC) 

 PVC (2.5 %10.0،)%

(SEM)

 (FTIR)(XRD) 

(TGA)

4%8%،

 PVC 

 PVC

 PVC/AgNPs 

) 3(NH 

S)2(H)4(CH(CO)  

 


