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ABSTRACT

Initially, 4-hydroxyacetophenone-biuret—trioxaneHABT) terpolymer was successfully synthesizedfigdrand
characterized in the laboratory. A nanophotocatglysgl-ZnO, was prepared using precipitation folkxnvby
hydrolysis method. Then, it was anchored on 4-HA@Bpolymer using molecular adsorption—depositiorthrod.
The Agl-ZnO nanopatrticles, deposited on the 4-HA@BPolymeric molecules, formed a coating of abdunén in
thickness. This newly modified functional nanopbatalytic material was characterized by means dfaired
spectroscopy, X-ray diffraction and scanning eleatr microscopy studies. This new 4-HABT-Agl-ZnO
nanophotocatalyst exhibited an excellent photogéitalactivity in the photodegradation of quite centrated
aqueous solutions of dyes. The dye molecules kndoliition was supposed to be condensed bettendragl-ZnO
particles because of the adsorption phenomenon edABT terpolymer molecules, and, therefore, the
photocatalytic process was enhanced due to the icmubeffect of adsorption by 4-HABT terpolymer
macromolecules and photocatalytic activity on AglaZ It was observed that the decolorization of aomhated
water occurred within a short-time interval. Thus,can be concluded that the functional nanophotalggic
material, reported in this research paper, can becessfully used for water and wastewater treatment

Keywords: Terpolymers, Agl-ZnO nanostuctures, visible speutrphotocatalyst, photo catalytic degradation,
surface modified polymeric functional materials.

INTRODUCTION

Organic compounds are broadly used in industrigsimmlaily life, have become regular pollutantsvater bodies.
As they are known to be lethal and carcinogenic,etiactive economic treatment for eliminating thegamic
pollutants in water has been found to be an insistemand. Environmental and energy issues aramibst
important concerns faced by human beings. Orgaollatants released from industrial wastes are igdkic even
at relatively low concentration, and thus can caseeere diseases in human beings.[1-3] Photocetalysier
sunlight is promising way for the removal of watswntaminants because of its abundant, cheap arh cle
characteristics.[4-5] Over the past few decadessigmificant progress has been achieved in hetesmen
photocatalysis for photodegradation of undesirabogmnics in aqueous phase. Semiconductors, suzimlasxide,
are the most widely used catalysts in the fieldpbbtocatalytic applications.[6] Ag nanoparticleghmith
inimitable surface plasmon resonance property Hageinated much attention recently in the field pdfoto
catalysis. Ag halides, classical photosensitiveenigs in photographic film, are potential phot@tgsts due to their
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narrow band gap of 2.25 ev. Recently the binary Ay photocations have been designed to improve
photocatalytic activities of the photocatalysts.[Keeping in view the importance of ZnO and Agl in
photodegradation process, a new modified 4-HABT-ZgD nanophotocatalyst has been developed and its
photocatalytic activity for methylene blue(MB) dgecomposition has been studied and reported irptasent
research article.

MATERIALSAND METHODS

4-Hydroxyacetophenone was prepared in the labgratarting from phenol by its acetylation followég Fries
migration reaction. The other starting materialshsas biuret and trioxane and so on, used in ththegis of 4-
HABT terpolymer, were procured from reputed comparind all were of analytical/chemically pure gratiee
solvent, dimethyl sulphoxide (DMSO), was of analgtireagent (AR) grade and double distilled undetuced
pressure prior to its use in various physicochehaind spectral studies. Deionized water (DI) wasduhroughout
the investigation. The other chemicals used likeesinitrate potassium iodide anzinc nitrate etcwere also of AR
grade.

Synthesis and char acterization of 4-HABT terpolymer

The 4-HABT terpolymer was synthesized by condengidgdroxyacetophenone and biuret with trioxanehi@
molar ratio of 3:3:2 in presence of hydrochlori¢da2M) as a catalyst. The purity of terpolymer wasted and
confirmed by thin layer chromatography(TLC) meth®dte terpolymer was characterized in light of stsdsuch as
elemental analysis, molecular weight determinatlmn conductometric titration method, intrinsic visiy,
electronic, IR, proton magnetic resonance spedtiadies and thermogravimetric analysis. On thesbasiall
physicochemical and spectral evidences, the mastilple structure for 4-HABT terpolymer has beerigmes] as
given in figure 1.[8]
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Fig.1. Stucture of 4-HABT terpolymer

Preparation of Agl - ZnO nanoparticles

In 100 ml beaker 20 ml 0.04 M AgNQolution was taken and 20 ml 0.04 M of Kl solutiwas added into it drop
wise with constant stirring for 60 min to form tlAgl suspension. This Agl suspension and Zinc retisatlutions
were added simultaneously in to 100 ml beaker éoinig. 0.4 M alkali solution and kept for 2 hrs @6 with
constant stirring. Completion of reaction was conéd by formation of precipitate. The reaction migt was
filtered, washed with DI water followed by ethandhe product was dried under vacuum and storedritiggnt
bottles.

Preparation and characterization of 4-HABT-AgI-ZnO nanophotocatalyst

The nonophotocatalyst 4-HABT-Agl-Zn@vas prepared from a suspension of Agl-ZnO(60%) dAdABT
dissolved in DMSO at 350K. The solvent was evapatand the obtained material was ground to 2—4-read$
and dried under vacuum at 350 K for 5 h. Powder XRia were obtained using Cu Kradiation scanning from 2
to 75° at a scan rate of 4°/min. SEM analysis 6fABT-Agl-ZnO nanophotocatalystimaterial was performed for
characterization.

Photocatalytical reaction studies

Photochemical reactions, under solar irradiatioarencarried out when the solar light intensity \approximately
350-950 x 1¥mW/n?, and the temperature was in the range of 310-32(hK photocatalytic studies were carried
out with MB as a probe molecule at 10 xhol/dnT concentration, and the amount of photocatalystl ugs 25—
250 mg. Before the reaction, the catalyst was kephe dye solution (2—16xI0mol/dn?) in the dark for 1h to
reach adsorption equilibrium. No stirring was daméhe reaction in order to avoid oxygenation af #olution and
to stimulate the used photocatalyst. The reactiariesi on exposing the reactor to and, during 2#Q adiquots of
1ml were collected at the reactor bottom and arealyrsing spectrophotometric method.
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RESULTSAND DISCUSSION

Characterization of 4-HABT-Agl-ZnO nanophotocatalyst

XRD analysis of plane Agl-ZnO and 4-HABT-Agl-ZnO nmaphotocatalystshowed very similar pattern with
diffraction lines at 25-42, 37-83, 48-21, 53-87 8Bd33° (Figure 3). These results suggest thathamge in
crystalline structure occurred during the preparatf the improved photocatalyst. SEM analysis fABT-Agl-
ZnO nanophotocatalyst shows an agglomerated miatemaposed of nano size(90-150nm) oval/shericaliglas
(Figure 3) and suggestive of the presence of AdD-particles on the 4-HABT terpolymer surface. The -ZglO
particles are strongly attached to the surfaceneftérpolymer, which is demonstrated by vigorousksty of the
material in water for 1h, when Agl-Zngarticles could not be removed from the surfacé-BfABT terpolymer.

WTERSTY

Fig 2. XBD spectrum of 4 HABT-Agl-Zn(Q

M microghraph of 4 HABT-AgIl-ZnO nanophotocatalyst

Photocatalytic Decolorization Reaction

Photocatalytic studies were carried out using yerdethylendlue(MB) as probe molecule under solar irradiation
(Figure 4). Theeaction was carried out at an equilibrium tempeeabf 40°C. No decolorization takes place in the
blank experiments (i.e.in absence of photocatplystpresence of plane Agl-ZnO photodegradatiosbiserved but
with comparatively slow rate.
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Fig 4. Decoloration curves obtained for MB in blank
condition in the presence of plane Agl-FZnO and 4-HABT-Agl-
Zn0 nanophotocatalyst
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Fig i. IF. zpectra of - HABT-Apl-ZnO photocatalyst before and after
24 h under solar irradiation in water.

On the other hand, in the presence of the newleldped 4-HABT-AgI-ZnO improved nanophotocatalyst,
decolonization takes place within 210 min. This rbaydue to the location of most of the Agl-ZnOta bottom
because of slightly higher density. But 4-HABT-AGghO nanophotocatalyst, having lesser density, nesnfhbating
at the surface and hence showed enhanced actititseover, the adsorption phenomenon of dye molscaier
the surface of the polymer provided easy reactites,sand hence, the overall activity of the phatalyst was
enhanced. Thus, 4-HABT-Agl-ZnO nanophotocatalyst, mewly developed functional material, shows \gogd
reactivity for the degradation of organic contamitsain water. Recovery and reuse of the photocsttalgre also
investigated using 4-HABT-Agl-Zn@ubmitted to five consecutive reactions. After eggdction, the catalyst was
recovered with a simple sieve and a new 16 ¥ fifbl/dn? dye solution was used. These results clearly atdic
that 4-HABT-Agl-ZnO nanophotocatalyst functional terdal can be used for more than five times wittaoted
decolorization in the range of 95-99%. These resaotticate that, even after five reactions, theopaotocatalyst is
still very active. To investigate whether the 4-HRBolymer surface was attacked by radicals, IR tspkanalysis
of the floating-type nanophotocatalyst was caredl before and after 24-h exposure to solar ramiafFig. 5).
Very similar spectra were obtained for 4-HABT befand after exposure to solar radiation, suggestiagthe 4-
HABT surface oxidation, by the radicals formed dgriphotocatalytical reaction, is not significantdan the
reaction conditions used.

CONCLUSION

On the basis of the results obtained in this irngabn, the following conclusions can be drawn:

m4-HABT terpolymer can be successfully prepared,rattaerized and its most possible structure has been
determined.

mAnchorment of Agl-ZnO has been successfully pergmtran 4-HABT terpolymer surface.

mThe newly developed 4-HABT-Agl-ZnO photocatalytimttional material is highly active and efficient filmost
100% degradation of a model dye, methylene bluegusolar radiation.

mLow density of 4-HABT-AgIl-ZnO photocatalyst facdied more efficient illumination due to the posiiitg of
the photocatalyst on the water surface. Moreovear rthe surface, there is the possibility of moffécient
oxygenation, which is fundamental for the photolgéitzal processes.

mThe dye molecules in bulk solution were supposdiktoondensed around anchored Agl-ZnO particleausecof
the adsorption on 4-HABT polymer matrix. Hence, fifetocatalysis process is enhanced due to the inethb
effect of adsorption by 4-HABT terpolymer macronmmlkes and photocatalytical activity of Agl-ZnO.

mThe study can be extended to test photodegradatemacity of 4-HABT-Agl-ZnO photocatalyst for
photodegradation of other dyes and organic poltstan

mThus this floating-type newly developed improvednaghotocatalyst, in the present investigation, &en
potentially used in the treatment of contaminatedtewater reservoirs located in remote areas witheuneed for
any special equipment. It can also be efficienigdifor the destruction of soluble/insoluble orgarintaminants.
mThe newly developed nanophotocatalic functional emiat presented in this research article has piatent
applications in pollution control.
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