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Abstract: - Recycling of waste material leading to its reuse is a 

thrust area of modern technology. The basic idea behind this 

work is to regenerate waste silver from X-ray films and produce 

stable Ag Nanoparticles (AgNPs) using 

hydroxypropylmethylcellulose (HPMC). The regenerated Ag 

NPs (r-Ag NP) HPMC matrix was loaded with Ketorolac 

tromethamine (KT) as a representative drug to test the drug 

delivery application of the r-Ag NPs. The Ag particles have been 

regenerated from the exposed X-ray films by leaching process 

followed by purification and subsequently studied by several 

characterization techniques like X-ray diffraction analysis, UV 

analysis, Fourier transform infrared spectroscopy, scanning 

electron microscopy and transmission electron microscopy. The 

nanocomposite films prepared with HPMC have different 

concentration of r-Ag NPs followed by KT drug loading. The 

presence of r-Ag NPs leads to sustained delivery of KT over 

longer time interval leading to a useful application of an 

otherwise waste material. 

Keywords: Silver nano-particles; waste X-ray films; 

hydroxypropylmethylcellulose matrix; drug delivery 

I. INTRODUCTION 

etal nanoparticles (NPs) have received significant 

attention in both scientific and technological areas due 

to their unique and unusual physico-chemical properties 

compared with that of bulk materials [1]. Among the various 

metal nanostructures, noble metal NPs are most popular 

amongst scientists, due to their superior physical and chemical 

properties. A lot of researches have been attentive on silver 

(Ag) NPs because of their important scientific and 

technological applications in color filters [2,3], optical 

switching [4], optical sensors [5,6], surface enhanced Raman 

scattering [7-9], etc. Silver is a soft, white, lustrous transition 

metal and is one of the most widely used metals [10]. It 

possesses reasonable electrical conductivity [11-13], 

significant thermal conductivity [14] and 

reflectivity comparable to any other metal. Silver finds 

application in the manufacture of currency coins, jewellery, 

ornaments, high-value tableware and utensils. It is also used in 

water purification [15,16]. Silver thin films has been a topic of 

intense investigation because of its excellent optical, 

electrical, catalytic, sensing, and antibacterial properties [17-

19] and subsequent applications. Silver also finds its use in a 

number of medical applications. Silver compounds are an 

important component of antibiotics [20]. Recent studies show 

that Ag NPs can be used in certain drug delivery applications 

[21]. These particles have been widely used in many fields 

such as electronics, photochemical, biomedicine and 

chemistry. Ag NPs are finding their increasing importance in 

the medical field due to their easy modification, stability and 

high drug loading capacity [22].  

Ag NPs possess high surface area and properties of 

high dispersion. Colloidal silver solutions find direct 

applications in pharmacology due to their antimicrobial 

properties. The interaction of metal NPs with microorganisms 

is an expanding field of research [23]. Ag NPs shrink the 

cytoplasm of the cell after they are absorbed or accumulated 

through the cell wall. Silver ions may lead to the inactivation 

of proteins by combining with their S-H bonds [24]. Ag NPs 

also restrict the capability of DNA molecules to replicate [25].     

Silver is used in photographic films and X-ray plates 

where it is usually present as silver halide crystals to improve 

the light sensitivity of the films as the crystals absorb light and 

helps in the formation of a latent image. A large amount of 

silver is wasted every year in the form of waste from exposed 

X-ray plates. The main idea behind this work was to 

regenerate silver from these waste X-ray plates and to use this 
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regenerated silver in drug delivery applications. Recycling of 

secondary raw materials is an important industrial component 

in different countries. Waste management and recycling of 

waste products has become an integral part of society for 

maintaining a healthy, safe and also pollution free 

environment. With the ever increasing growth in population, 

wealth and consumerism throughout the world solving the 

problems of waste handling should be done in a sustainable 

manner in order to make waste management a sustainable 

venture. Reports show exposed X-ray films have 5-15 g of 

silver per 1 kg of film which when disposed can be toxic to 

living organism [26]. However, if it is regenerated then it can 

be used for important and useful applications and at the same 

time diminish environmental hazards. Thus the main intention 

behind this work was to serve the dual purpose of 

regenerating used silver and use of this silver in drug delivery 

applications. There has been immense interest in targeted drug 

delivery as it is one of the main thrust areas of pharmaceutics 

and biotechnology. Nano-mediated drug delivery systems 

often yield a more effective drug accumulation in tissues and 

body fluids than conventional methods, with minimal side 

effects thereby increasing quality of life for the patients with 

high socio-economic benefits. This has led to the interest of 

many scientists working in this field. Yazici et al. studied the 

recovery of silver from waste X-ray photographic solutions by 

precipitation using trimercapto-s-triazine (TMT) [27]. They 

discovered the concentration of TMT and pH are the most 

significant factors affecting the recovery of silver while the 

effect of temperature (20–60C) is insignificant under the 

conditions tested. Bas et al. reported the recovery of silver 

from X-ray films processing effluents by precipitation by 

using hydrogen peroxide as the precipitating agent [28]. 

Makky et al. reported the synthesis of silver nanoparticles 

from disposed X-ray films using Bacillus isolate bacteria [29]. 

Shankar et al. illustrated a facile approach to synthesize silver 

nanoribbons from the waste in X-ray films using alkaline 

protease from Beauveria sp [30].  

Biodegradable polymer nano-composites films have 

been a successful tool when trying to increase sustained 

release times. NPs mixed in a polymer medium, such as r-Ag 

NPs improve mechanical performance by enhancing the 

interfacial area through the dispersion of the NPs in the 

medium [31]. This ability to intercalate anions is the route to 

incorporate a range of pharmaceuticals within the nano-

composites; further their stacked structure is useful for the 

intercalated drug [32]. Controlled and sustained release of the 

drug from nano-composites is dependent upon several factors 

such as rigidity of the layers, particle size and diffusion path 

length. The release of non-steroidal anti-inflammatory drugs 

(NSAIDs) such as Ketorolac tromethamine (KT) has been an 

area of increased interest [33,34].  

Here we design a simple synthesis of silver 

nanoparticles from waste X-ray plates and subsequently use it 

for the preparation of drug loaded nanocomposite film, using 

hydroxypropylmethylcellulose (HPMC) as the biodegradable 

polymer and KT as the drug respectively. In this work, we 

have regenerated silver nanoparticles from waste X-ray films 

by leaching process. Different concentration of r-Ag NPs have 

been used for the preparation of nanocomposite films with 

HPMC followed by subsequent drug loading.  As HPMC has 

good film forming properties [35], the films were usually 

done by solvent casting wherein the polymer and the sample 

solution are dissolved in a solvent and a film is cast by solvent 

evaporation  [36,37]. Subsequently the Ag NP loaded HPMC 

films were checked for sustained drug delivery. 

II. MATERIALS AND METHODS 

2.1. Materials 

Waste X-ray plates were collected from the Kiran 

Diagnostic Centre, Serampore, West Bengal. Sodium 

hydroxide (NaOH) solution was prepared from NaOH pellets 

a product of E. Merck, India. HPMC was purchased from 

Central Drug House (P) Ltd., New Delhi, India. Drug, KT, 

collected from K. K. Medicine Pvt. Ltd., India. 

2.2. Regeneration of silver from X-ray plates 

The X-ray plates were washed with distilled water 

and then wiped with ethanol. They were then cut into 2 x 2 

cm
2 

pieces and dried in an oven at 60°C for 30 minutes. The 

films were then immersed in a beaker containing 80 ml of 1 

M NaOH. The beaker was placed in a water bath at 100°C 

until the gelatinous silver layer stripped off in the form of 

minute particles [35,38]. The resulting colloidal metallic 

black solution was stirred vigorously in a magnetic stirrer 

until coarse grain metallic silver NPs were obtained. The pH 

of the solution was subsequently adjusted close to 7 with 

HCl solution.  

2.3. Preparation of HPMC/RAg nano-composite films by 

solution mixing method 

Four different sets of 2% HPMC-r-Ag NPs 

nanocomposite films were prepared by varying the 

concentration of r-Ag NPs followed by the loading of 100 mg 

drug sample (Ketorolac tromethamine) in each set for testing 

the drug delivery application. Out of four one sample,  F1 

contained only 2% HPMC and the drug (KT) while the  rest of 

the three samples (F2, F3 and F4) were prepared with 2% 

HPMC, drug and different concentration of r-Ag NPs in 

ascending manner starting from 8 µg/ml (F2), 16 µg/ml (F3) 

and 32 µg/ml (F4). Each of the final solution was then poured 

carefully in different petri dishes for film forming. The films 

were obtained (F1, F2, F3, and F4) after around one week 

under vacuum drying at room temperature 

2.4. Characterization 

2.4.1. FTIR spectroscopy 

  FTIR spectroscopy was used to confirm the 

formation of silver. The FTIR spectrum was recorded using a 

PerkinElmer spectrum Express Version 1.03.00 instrument in 

the range of 250 to 4500 cm
-1

. 
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2.4.2. X-ray diffraction  

  X-ray diffraction analysis of  silver and its nano-

composite films with HPMC were performed at room 

temperature by X-PERT-PRO Pan analytical diffractometer  

using Cu Kα (λ=1.5406) as X-ray source at a generator 

voltage of 40 kV and current of 30 mA. The scanning rate was 

1
o 
/ min.  

2.4.3. UV-Vis spectral analysis 

UV visible spectroscopy study was done using an 

Agilent 8453 Spectrophotometer, USA in the wavelength 

range of 200 to 700 nm.  

2.4.4. SEM analysis 

   Scanning electron microscopy was used at different 

magnifications to observe the surface morphology of the 

silver/HPMC nano-composites films. Before testing, the 

samples were coated with a thin layer of gold to avoid 

electrical charging during examination. The SEM study was 

performed in a Zeiss Auriga instrument. 

2.4.5. HRTEM analysis 

  Transmission electron microscope (TEM-JEOL-

JEM-2100 with a 200 kV accelerating voltage) were used for 

the morphological analysis of the synthesized product. 

Samples for TEM analysis was prepared by drying a droplet 

of material suspension on a carbon coated copper grid. 

2.4.6. DLS study 

 The size of the r-Ag NP was measured using in a 

dynamic light scattering instrument (model: Zetasizer Nano- 

ZS90 System Malvern Inc.). 

2.5. Drug release study from nano-composites 

In vitro Ketorolac release studies of nano-composite 

films were performed in a Franz diffusion cell. A dialysis 

membrane (LA390, average flat width 25.27 mm, average 

diameter 15.9 mm and capacity approx. 1.99 ml/cm) made 

from cellulose acetate was used as a human skin replica for 

determining keterolac release from the polymer matrix of 

nano-composites film. The membrane was mounted between 

the donor and receptor compartments of the diffusion cell 

[39]. The nano-composite films were placed on the cellulose 

acetate membrane and were enclosed with aluminum foil. The 

receptor compartment was filled with a phosphate buffer of 

pH 5.6 to match the pH of skin (5.4–6.9). The intact assembly 

was fixed on a hotplate magnetic stirrer, and the solution in 

the receptor compartment was continuously stirred using 

magnetic beads to maintain a steady temperature at 32 ± 

0.5°C, as the normal skin temperature of a human is 32°C 

[39]. The aliquots were withdrawn at different time intervals 

and were replenished with an equal volume of fresh buffer. 

The Ketorolac tromethamine content in the aliquots was 

analyzed spectrophotometrically at 323 nm after matching the 

values with a standard calibration plot. 

III. RESULTS AND DISCUSSION 

3.1. Spectroscopic analysis of r-Ag NPs 

3.1.1. UV-Vis analysis of r-Ag NPs 

UV-Vis spectroscopy is a characterization technique 

used to measure the absorption and scattering of light by the 

NPs. Fig. 1 shows the UV-Vis spectra of r-Ag where we 

observe a peak at 408 nm which is characteristic of Ag NPs. 

Due to the surface plasmon resonance (SPR) the absorption 

range of pure Ag NPs ranges from 350-500 nm [40], and in 

our study the characteristics Plasmon peak for r-AgNP is 

obtained at 408 nm. Thus when compared with the UV-vis 

spectra of AgNP we can confirm the formation of r-AgNP 

from the exposed X-ray plates as the characteristic SPR band 

is obtained. 

 

Fig. 1. UV- spectra of r-Ag NPs of concentration at 0.5 

mg/ml. 

3.1.2. FTIR analysis of r-Ag NPs 

FTIR spectroscopy of light at the infra-red region to 

understand specifically the bonds present in a molecule. In 

this technique IR radiation is absorbed by the given sample 

which is detected by an on-off null signal [41]. The 

characteristics FTIR spectra of the leached silver from the 

exposed X-ray plates are shown in Fig. 2. 

The FTIR spectra show six characteristics peaks 

which have been identified. The peak at 3443cm
-1

 shows the 

presence of OH stretching bonds. The other peaks are at 2912, 

2821, 2358, 1662, and 966 cm
-1

. The peaks at around 2800-

2900 cm
-1

 are due to the stretching vibration of alkyl group 

while the peak at 1600 cm
-1 

is due to the presence of carbonyl 

group. Peak obtained at around 1000 cm
-1 

is associated with 

the presence of aromatic ring. Previous reports of the FTIR 

spectra of  Ag NPs  showed the absorption peaks at 3422, 

2922, 2852, 2109, 1634, 1384, 1048, and 667 cm
-1 

[42]. Thus 

we observe that the absorption peaks for the r-Ag NPs falls 

within the range of IR spectra of AgNPs as reported earlier. 
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The slight shift in the peak position is presumably due to 

interaction of the groups with the products present in r-AgNP. 

 

Fig. 2. FTIR spectra of r-Ag NPs samples at different time interval. 

3.2. XRD Analysis of r-Ag NPs 

 Fig. 3 shows the X-ray diffraction pattern of silver 

nanoparticles leached from X-ray plates. The figure shows the 

different X-ray diffraction peaks at different 2θ values. The 

peaks are obtained at 2θ values of 23, 38, 44, 64, and 77°. 

This agrees with the 2θ values of pure silver which are 

observed at 38, 44, 64, and 78° [43]. The peak at 2θ =23
0
 is 

presumably due to impurities present in the leached silver 

obtained from X-ray plates. The presence of the 

characteristics peaks in the r-AgNP sample confirms the 

crystalline structure of Ag NPs. 

 

Fig. 3. XRD patterns of r-Ag NPs samples. 

3.3. SEM analysis of r-Ag NPs 

The SEM micrograph showed that r-Ag NPs were 

well dispersed. From this micrograph shown under low 

magnification it was observed that the particles were well 

dispersed and resembled a flake like morphology. However, 

with increased magnification discrete almost spherical 

morphology of the flakes can be observed which are 

characteristic of nm size r-AgNP particles. This clearly shows 

that the NPs are dispersed within the aggregates, indicating 

stabilization of the NPs (Fig. 4). 

 

Fig. 4. FESEM Images of r-Ag NPs. 

3.4. HRTEM analysis of r-Ag NPs 

  Transmission electron microscopy (TEM) was used 

to inspect the shape and size of Ag NPs. TEM image of the 

prepared Ag NPs is shown in the Fig. 5. TEM images under 

low and high magnification of the colloid particles confirmed 

that their sizes are in the nano-range. The r-Ag NPs are 

reasonably spherical in shape with a moderately smooth 

surface morphology. TEM image also shows that the 

produced nano-particles are more or less uniform in size 

having an average value of 25-35 nm.  
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Fig. 5. HRTEM Image of r-Ag NPs. 

3.5. DLS Study 

The particle size of the synthesized Ag NPs was also 

measured using dynamic light scattering measurement 

technique. Dynamic light scattering (DLS) is a technique for 

characterizing the size of colloidal dispersions which utilizes 

the illumination of a suspension of particles or molecules 

undergoing Brownian motion by a laser beam. The time-

dependent fluctuations in the intensity of scattered light that 

occur are analyzed using an autocorrelation which determines 

the autocorrelation function of the signal. The size distribution 

of the r-Ag NPs is depicted in Fig. 6. It is observed that the 

size of the particles regenerated from the X-ray plate is in the 

range of 50 to 130 nm. The average size of the synthesized Ag 

NPs obtained from X-ray plates is around 95 nm. The size 

obtained in DLS study is larger than that observed in HRTEM 

is because the hydrodynamic volume of r-AgNP is taken into 

account. 

 

Fig. 6. DLS study of r-Ag NPs at different time intervals. 

 

3.6. Drug release study from nano-composites 

The cumulative amount of drug released (reported as 

the percentage of the actual amount of drug present in the 

drug loaded samples) from the pure HPMC film (F1)  and 

silver loaded HPMC nanocomposite film samples (F2, F3 and 

F4) in phosphate buffer saline media of pH 5.6 at 37C is 

shown in Fig. 7. 

The release of KT drug from the HPMC (F1) occurs 

continuously over a period of over 7 h. The same pattern is 

observed for the other samples which are loaded with Ag- NP 

(CF2, F3 and F4) although the cumulative percentage of 

release is lower. It is clear from the graph, that the release of 

KT is considerably slower and hence controlled with the 

addition of silver nanoparticles in different HPMC 

nanocomposite formulations. An initial burst release of KT of 

5–13% is observed from all formulations and this bursting 

may be due to the saturation of the drug on the nanocomposite 

surface during storage. The cumulative amount of drug 

released from formulations containing silver nanoparticles 

occurs at slower rate than formulation without silver 

nanoparticles. From the results it is clear that the rate of drug 

release decreases with the addition of silver nanoparticles 

concentration in HPMC based nanocomposite formulations. 

The cumulative percentage of drug release from the prepared 

films (F1, F2, F3 and F4) after 7 h is 98, 81, 76 and 64%, 

respectively. The fact of delaying delivery of above 

mentioned drug with increasing concentration of r-Ag 

nanoparticles in HPMC matrix may be due to the surface 

interaction of HPMC and r-Ag nanoparticle in presence of the 

drug (KT). We know that extending the release time of drugs 

greatly increases the efficacy of the drug and is much sought 

after in drug research. Therefore, in view of the above we can 

say that we have been able to develop an efficient drug loaded 

HPMC-r-Ag nanocomposite film which delivers the KT drug 

in a controlled manner. 
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Fig. 7. In vitro drug release study. 

IV. CONCLUSIONS 

 The silver nanoparticle (Ag NPs) was regenerated from 

waste X-ray plate in temperature controlled process and the 

material was characterised by UV-Vis, FTIR, XRD, SEM 

analysis. Size of nanoparticles was measured by DLS and 

TEM study.  We also studied the drug release of the 

nanocomposite films prepared with loading of different 

concentration of r-Ag NPs in HPMC matrix with Ketorolac 

tromethamine drug. The nanocomposite films show promising 

results with sustained delivery and responds favourably with 

increasing concentration of r-Ag NPs when they are subjected 

to drug delivery applications. Thus we have been able to 

develop an efficient drug loaded HPMC-r-Ag nanocomposite 

film to deliver the drug in a controlled manner. 
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