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.g Why do we concern with
AgNPs ?

= High efficacy in killing a wide range
of bacteria, especially some species
of bacteria that have proven
resistance to modern antibiotics.

= The anticancer action of silver
nanoparticles.

= Anti corrosive properties of
nanocomposites based AgNPs.




Approximately 2 billion radiographs are
taken around the world each vyear,
including chest X-rays, mammograms, CT
scans, etc. Traditionally, 94-98% of X-ray
films are used in medical services.

A review of recovery of metals from industrial waste
U.U. Jadhav, H. Hocheng , Journal of Achievements in Materials a
Manufacturing Engineering, Volume 54 Issue 2 October 2012 }




Recovery the silver from waste

(a) burning the films directly.

(b) oxidation of the metallic silver following
electrolysis, and

(c) stripping the gelatine-silver layer using different
solutions. (nitric acids, oxalic acid, hydrogen peroxides

Therefore there is a need to develop cost effective and

environmentally friendly methods to recover silver from
X-ray/photographic waste.

P. K. Giri et al. (eds.), Advanced Nanomaterials and
Nanotechnology, 143, DOI: 10.1007/978-3-642-34216-5 7,



Previous work

A new method for the preparation of silver nanoparticles (AgNPs) on
silver chloride using hydrazine as reducing agent

Rao GP, Yang J. Appl Spectrosc. 2010 Oct;64(10):1094-9. doi:
10.1366/000370210792973640.

A Novel Silver Recovery Method from Waste
Photographic Films with NaOH Stripping
N. NAKIBOGLU, et al., Turk J Chem 27 (2003), 127- 133.

Silver recovery from synthetic photographic and medical X-ray
process effluents using activated carbon, (complex with thiosulfate)
K.G. Adani, R.W. Barley *, R.D. Pascoe, Minerals Engineering 18
(2005) 1269-1276

Enzyme extract obtained from Bacillus subtilis ATCC 6633 for
silver recovery from the waste X-ray films. The enzymatic
hydrolysis of the gelatin layers on the X-ray film enables not
only the recovery of the silver, but also the polyester base
which can be recycled.

N. Nakiboglu, D. Toscali, I. Yasa, Silver recovery from waste photographic films by
an enzymatic method, Turkish Journal of Chemistry 25 (2001) 349-353.




®°J Challenges IIEE

» Instability of AgQNPs against HCI solutions.

» Tendency of free metal silver nanoparticles to
form aggregates.

» High toxicity of AgNPs.

» Low yield of prepared AgNPs.

» Using of toxic capping and reducing agents in
the preparation of AgNPs.




Aim of work

1. Recycling of silver from X-ray and
photographic films
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1. Synthesis and characterization
of silver nanoparticles




Formation of silver nanoparticles

Gelatin silver halide emulsion
PET plastic

Gelatin silver halide emulsion

Standard chemical
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REACTION CONDITIONS

1- silver salts react with basic medium produce pure silver oxide.

2- reducing agent with alkaline can produce silver only _PHIs
Important
_ _ _ parameter for
3- low pH can dissolve silver colloid formation of

silver

4- Gelatin and PVP optimize pH at 3

Gelatin can

act as
Ag C" Ag+ + Cl- reducing and

capping to

Gelatin + OH- Cc_)ntrol_
glucose particle size

Temperature of

AgO capped gelatin

reaction




Gelatin is a protein which contains a
large number of glycine, proline and 4-
hydroxyproline residues.
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Characterization of
AgNPs




Figure6: TEM micrographs of AQNPs prepared with different amounts of
PVASH a)0.5, b)1, ¢)2 and d) 3 (Wt %).
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Figure 8. Set of images for Silver

nanoparticles:

(A)TEM image of the citrate AgNP
(B) Its UV-vis absorption spectrum
(C)TEM image of PVP/PEGSH Ag
NPs,

(D) its UV-vis absorption spectrum;
(E)TEM image of PEGSH Ag NPs
and

(F)its UV-vis absorption spectrum.
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<: 1.3 Capping of Silver nanoparticles wit
h Murrh gum
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Scheme 5:Capping of silver nanoparticles with Murrh.
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Figure 9: XRD patterns of AgNPs coated with Murrh.




Figure 10: TEM micrographs of AgNPs coated
with Murrh.
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Figure 11. Particle size distribution of AgNPs coated with

Murrh.
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Figure 14: TEM micrographs of (a) Ag NPs capped with

OA, (b) histogram of Ag NPs capped with OA.



Figure 15: TEM micrographs of (a) Ag NPs and (b) silver
AMPS/NIPAmM hybrid polymer.
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Figure 16: XRD patterns of (a) Ag NPs and (b) silver
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Figure 17.. UV-Vis absorption spectra of (a) Ag NPs coated

with OA in hexane solution and (b) SttAMPS/NIPAmM-Ag
nanogel in agueous solution
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Figure 18: TEM micrographs of (a) SttAMPS/NIPAmM-Ag
nanogel and (b) its histogram.
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Figure 19: XRD pattern of (a) SttAMPS/NIPAm and (b)

St/AMPS/NIPAmM-Ag nanogel.



Figure 20: Images of water droplet behavior on thin pellet of the silver
nanoparticles surface: (a) ANP capped with OA; (b) StAMPS/NIPAM-Ag
nanogel; (c) droplets of dispersed AgNP capped with OA; and (d)
St/AMPS/NIPAmM-Ag nanogel on glass.




Table 1: Surface tension characteristics and equilibrium

time of the St/AMPS/NIPAm-Ag nanogels at 25 °C.




4. Application of A

gh\ps




4.1 Acid stability of Ag NPs
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Figure 21: Citrate AgNPs a) digital photo b) UV-vis

absorption spectra at interval times in 0.1 M HC| C) TEM
of citrate AgNP after exposure to 0.1M HCI.
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Figure 22: PVP/PEGSH AgNPs a) UV-vis absorption spectra at
Interval times in 0.5 M HCI, b) TEM after exposure to 10 hrs in
1M HCIl and C) TEM exposure to 24 hrs in 1M HCI.




The effect of synthetic human stomach
fluid (SSF) on Ag/PVA-SH nanoparticles
stability.
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Figure 23: UV-vis absorption spectra of Ag/PVA-SH at
interval times in a) SSF! (0.5 M) and b) 1 M HCIl and 0.4
M glycine.

1. Kelly ME, Brauning SE, Schoof RA, Ruby MV. Assessing Oral Bioavailability of
Metals in Soil. Columbus:Battelle Press,2002.




Figure 24: TEM image of Ag NP a) coated with PVA-SH, b) after exposure to
1M HCI for 1 week, c) after exposure to 1M HCI for 3 months and d) citrate Ag
NP after exposure to 0.1M HCI for 1hr.
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Figure 25.: Particle size distribution of Ag/PVA-SH in 1M HCl and 0.4

M of glycine at interval times a) 1hr, b) 24 hr and c) 7 days.
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cConclusion

This work reported as first time for highly dispersed and stabilized coated
Ag NPs with method is simple, easy, cost effective and environment friendly.
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