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ABSTRACT

During this paper, the Ag/HZSM-5 nanocomposite basn successfully synthesized by using an aqueous
extract ofEuphorbia heterophylla leaves as a stabilizing and reducing agent. Teergsynthesized Ag/HZSM-

5 nanocomposite was characterized by FT-IR (Fotrggsform infrared spectroscopy), FESEM (field &siun
scanning electron microscopy), EDS (energy disparsf-ray spectroscopy), UV-vis, XRD (X-ray powder
diffraction) and elemental mapping. The Ag/HZSM-dénocomposite was found to be efficient nanocatddyst

the reduction of organic dyes such as Methylene I§MB), Congo red (CR), Rhodamine B (RhB) and 4-
nitrophenol (4-NP) in water at room temperaturee Ehtalytic activities of the nanocatalyst in reawt were
monitored by using UV-vis spectroscopy. Interediinthe Ag/HZSM-5 catalyst can be easily recoveasd

reused several times without any significant ldfssatalytic efficiency.

Keywords: Ag/HZSM-5 nanocompositd&uphorbia heterophylla; Reduction; NaBRt Organic dyes
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Synthetic pigments and dyes have a wide range pficaions in cosmetic, textile, drug, printing,oftr
processing industries and their annual productmmbout ~7 x 10tons per year [1-3]. The presence of
nitroarene compounds and toxic dyes compounds iratég ecosystem is of great concern as these are
chemically and biologically stable; therefore,stdifficult to eliminate them by natural degradatiprocesses
[4,5]. Hence, there is an urgent need for the agraknt of effective treatment protocols for wadtrients of
dye industries.

Although physical and conventional chemicalhtgques such as adsorption, precipitation and atamm
have been employed for the decolorization of dylerfits, they possess inherent restrictions sudbrasation
of hazardous by-products, high cost and intensieggy requirements [6-8].

Nowadays, due to a higher available catalgticface, catalysts are more and more used in the &
nanoparticles (NPs). Generally, different synthegéshniques including quick precipitation, sol-gel,
electrochemical, sonochemical, microwave irradigtisolid state reaction and alcohothermal synthlesis
been applied to the preparation of metal nanopastiMNPs) [9-17]. Although, most of these routes a
effective but many of them suffer from some disadages such as high temperature, harsh reactiaiticors,
the use of expensive reagents, long reaction titoes; and hazardous capping agents or stabiliwec®ntrol
the size and composition of the NPs, the envirorialgollution caused by use of organic solvents lawd
yields of the products.

In addition, separation of the nanosized medédlysts from the reaction mixture by centrifugiator simple
filtration is very difficult. To overcome these litations, several inorganic materials have been asesupport
for immobilization of MNPs [18-20]. Among solid spgrts, zeolites have been reported as efficierglysts
and new class of promising supports for the devatn of environmentally friendly acidic catalysgsl{23].
As a result of its hydrothermal stability, zeolitas recently been garnering interest as a novgosu24]. In
the middle of zeolites, the HZSM-5 zeolite is a med pore (5.1-5.6 A°) zeolite with three dimensibna
channels defined by 10-membered rings [25]. Duistthermal stability, high acidity, unique shapdestive
behavior, high surface area and structural netwt#8M-5 has been shown to be a stable and effecttadyst
for organic reactions [26,27].

Compared to the chemical and physical prosmaatvironmentally benign production methods of NMNF
applying various bacteria, plants extract and finare very attractive [28-36]. The biosyntheticqadures for

the synthesis of MNPs have several benefits ovgsipal and chemical synthetic routes, such as &l
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cost effectiveness as well as compatibility forrbéalical and pharmaceutical applications. So, tleeofiplants
extract in the preparation of MNPs has environmearid economical advantages.

Quite recently, we reported the green synghesan Ag/TiQ nanocomposite usinguphorbia heterophylla
leaf extract and its application as a recyclable lagterogeneous catalyst for the reduction of dcgdyes [36].
Hence, the Ag/HZSM-5 nanocatalyst was fabricatedapplying Euphorbia heterophylla leaf extract without
any surfactant or stabilizer. The catalytic acyivif the Ag/HZSM-5 nanocomposite was investigatedthe
reduction of 4-NP, CR, RhB and MB using NaBH water at room temperature and the reactiong wkecked
by UV-vis spectroscopy. More significantly, the algst can easily be regenerated and recycled detvimes
without significant loss of catalytic performancBo be an eco-friendly procedure, in spite of itsural
availability, biological relevance’s and non-toxjci Euphorbia heterophylla has never been explored for the
green synthesis of the Ag/HZSM-5 nanocomposite.

2. Experimental

2.1. Instruments and reagents

High-purity chemical reagents were purchased frbm Aldrich and Merck chemical companies. HZSM-5
zeolite was prepared according to the literaturg).[ET-IR spectra were recorded on a Nicolet 37GIRT
spectrometer (Thermo Nicolet, USA) using pressed pdlets. UV-visible spectral analysis was recdrde a
doublebeam spectrophotometer (Hitachi;2900) to ensure the formation of nanoparticles. plotogy and
particle dispersion was investigated by field emissscanning electron microscopy (FESEM) (TESCAN
MIRA3). The chemical composition of the preparedastructures was measured by EDS analysis. X-ray
diffraction (XRD) measurements were carried outngsa Philips powder diffractometer type PW 1373

goniometer (Cu K = 1.5406 A”). The scanning rate was 2°/min inZheange from 10 to 80°.

2.2. Preparation of the Euphorbia heterophylla leaf extract

The Euphorbia heterophylla leaf extract was prepared according to our recenk {B6].

2.3. Green synthesis of the Ag/HZSM-5 nanocomposite
In a typical preparation of the Ag/HZSM-5 nanocoip®s, 50 mL of aqueous solution of Agh@.004 M)
was gradually added to 25 mL of the plant extract 4.0 g of the HZSM-5 zeolite with constant stigriat 80

°C for 2 h. After 20 min the color of the solutichanged from white to black due to the excitatibswface
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plasmon resonance indicating the formation of tiggHX SM-5 nanocomposite. Next, the colored solutias
centrifuged at 7000 rpm for 30 min to completelyeqpitation of the Ag/HZSM-5 nanocomposite. The
achieved product was then washed several timesathimol, then air dried for 24 h at room tempemtext,

it was kept under inert argon atmosphere for moeegssion and protection of our research.

2.4. Catalytic reduction of the 4-NP by Ag/HZSM-5 nanocomposite

In a typical run, 25 mL of the 4-NP aqueous soht{@.5 mM) was mixed with 5.0 mg of Ag/HZSM-5
nanocomposite, stirring constantly for 2 min. Th2h, mL of freshly prepared NaBriqueous solution (0.25
M) was added; the reactants were mixed and allotwestir at room temperature. The yellow color o th
solution gradually disappeared, indicating the fation of the 4-aminophenol (4-AP). The reactiongoess
was checked by UV-vis spectroscopy. Next, the gstalvas simply separated by simple centrifugatiod a

washed successively with water and ethanol, dmedveas used for successive runs.

2.5. Catalytic reduction of the MB by Ag/HZSM-5 nanocomposite

In a typical procedure, 5.0 mg of catalyst and 25afthe MB aqueous solution (3.1 x1M) were mixed in a
beaker. Then, 25 mL of freshly prepared NaBlgueous solution (5.3 x ) was added and the mixture was
allowed to stir at room temperature. The progrelsshe reaction could be checked by the change ef th
absorption intensity in UV-vis spectrophotometerfteA completion of reaction, the catalyst was siynpl
collected from the reaction system by centrifugatmd washed successively with water and etharbdaed

for the next run.

2.6. Catalytic reduction of the CR by Ag/HZSM-5 nanocomposite

In a typical experiment, 25 mL of the CR aqueousitsm (1.44 x 16 M) was added to 5.0 mg of catalyst.
Then, 25 mL of prepared NaBlqueous solution (5.3 x M) was added and the mixture was allowed to stir
at room temperature. The progress of the conversiaction was then checked by recording the tinpeddent
UV-vis absorption spectra of the mixture using acmphotometer. For the recycling experiment,daglyst
was simply separated from the reaction system kgf bentrifugation and washed successively withewaind

ethanol and dried for the next cycle.



2.7. Reduction of the RhB by Ag/HZSM-5 nanocomposite

Typically, 5.0 mg of catalyst was added to 25 mlttef RhB aqueous solution (2.09 x°11d). Next, 25 mL of
freshly prepared NaBHaqueous solution (5.3 x $0M) was added and the mixture was permitted toagtir
room temperature. The progress of the conversiacticn was then monitored by recording the timeetelent
UV-vis absorption spectra of the mixture using actpphotometer. At the end of the reaction, thialgst was
simply separated from the reaction system by ko@ftrifugation and washed successively with watet a

ethanol and dried for the consecutive cycle.

3. Results and discussion

The stable Ag/HZSM-5 nanocomposite was fabricatacavsimple and green method. Facile biosynthddiseo
Ag/HZSM-5 nanocomposite using an aque&uphorbia heterophylla leaf extract has been considered as an
easy; cost efficient, eco-friendly, non-toxic arfficeent protocol for exploitingEuphorbia heterophylla leaf
extract. The existence of flavonoid and other pliesdn the extract could be responsible for théuation of

the Ad' ions and formation of the Ag NPs according théofeing mechanism (Scheme 1).
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Scheme 1. Plausible mechanism for the green synthesis oAthBIPs usindeuphorbia heterophylla leaf

extract.

3.1. Characterization of the Ag/HZSM-5 nanocomposite
The structure of synthesized Ag/HZSM-5 nanocomposis fully characterized by XRD, FE-SEM, EDS, UV-

vis, elemental mapping and FT-IR.



In a typical synthesis of the Ag/HZSM-5 nanapmsite, for further monitoring, first stable thg AIPs were
separately synthesized by using a simple biologiodllow-cost approach via reduction of silveratérsolution
with the aqueou&uphorbia heterophylla leaf extract as the reducing and stabilizing agéhé characteristics
of the obtained Ag NPs were studied using UV-vid &ii-IR techniques in our recent work [36]. Theugtibn
of the Ad ions into silver particles was monitored by meamuthe UV-vis spectrum by diluting a small
aliquot of the sample into distilled water. As thaphorbia heterophylla leaf extract was added to silver nitrate
solution, the color of the solution changed fronntfdight to dark brown indicating Ag NPs formation
Therefore, the progress in conversion reactiorhefAg” ions to Ag NPs was followed by a color change and
spectroscopic techniques. UV-vis spectrograph ef ¢blloidal solution of silver nanoparticles hasete
recorded as a function of time. The absorption tspetT (Figure 1) of the dark brown silver nanopaesc
solution prepared with the proposed method showadface plasmon absorption band with a maximuAAof
nm [36], indicating the presence of the Ag NPs.

1.8
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Figure 1. UV-vis spectrum of prepared Ag NPs using the aga&ophorbia heterophylla leaves extract.
Reprinted from ref. 36 with permission. Copyrigh@16) Sciencedirect.

The FT-IR spectrum of the Ag/HZSM-5 nanoconifgogrigure 6) showed peaks at 1220-1088 and 808 cm
which were assigned to Sj®@etrahedral units [37]. Two absorbance bands 483hd 1633 crhfor the O-H
stretching vibration due to J@ interporous structure and H-O-H bending vibratiespectively, were also
observed. The strong and broad absorbance bar#tatd" was assigned to the T-O bending vibration of the

SiO, and AlQ, internal tetrahedral [38].
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Figure2. FT-IR spectrum of the Ag/HZSM-5 nanocomposite.

The X-ray diffraction pattern of the Ag/HZSM+3anocomposite is shown in Figure 3. The relative
crystallinity of the Ag/HZSM-5 was calculated basenl the intensity of the peaks of angle range (22-25)

[39]. The diffraction peaks ati2= 38.5° and 44.47° were indexed as the (111) 2@d)(planes of face centered

cubic fcc) metallic silver particles [40].
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Figure 3. XRD powder pattern of the Ag/HZSM-5 nanocomposite.
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The morphology of the Ag/HZSM-5 nanocomposite revealed by field emission scanning electron
microscopy (FESEM). It is clearly observed that ftgegrain pervaded HZSM-5 zeolite surface, whickpthy
a good combination between HZSM-5 zeolite and Ag KfHgure 4). This is in agreement with that cadted
from XRD investigation. Also, FESEM analysis of thanocatalyst displayed spherical morphology ofAke

NPs on the outer surface of HZSM-5 zeolite.

2 L5 = 59:03 nm
L6 = 38.23 nm

a
L2 = 42.99 nm
4
L4.= 5448 nm

&
1
L3 =42.42 nm

3

L1=51.29 nm

SEM HV: 15.0 kv WD: 8.11 mm MIRA3 TESCAN| SEM HV: 15.0KV. WD: 8.11 mm | MIRA3 TESCAN  SEM HV: 15.0 kV. WD: 810 mm |
SEM MAG: 75.0 kx Det: BSE 500 nm SEM MAG: 150 kx Det: BSE 200 nm SEM MAG: 150 kx | Det: InBeam SE | 200 nm
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Figure 4. FESEM images of the Ag/HZSM-5 nanocomposite.

The chemical composition of the Ag/HZSM-5 nemimposite was determined by Energy Dispersive X-ray
Spectroscopy (EDS). In the EDS spectrum (Figurg&aks related to Si, Al, O and Ag are observee. fbtal
Ag content was found to be 29.64 wt %. EDX mappirags then performed to study the elemental disiobut
of the Ag/HZSM-5 catalyst as depicted in (Fig. Bhe elemental mapping images demonstrate that Ag

nanoparticles are highly dispersed on the HZSMditeesurface in agreement with data achieved bypXR
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Figure5. EDS spectrum of the Ag/HZSM-5 nanocomposite.
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Figure 6. EDX compositional mapping analysis for Ag/HZSMBemental maps for (Blue) O, (Green) Al,
(Black) Si and (Red) Ag.
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3.3. Catalytic efficiency and application of the synthesized Ag/HZSM-5 nanocomposite for reduction of the 4-NP
In the present work, the catalytic activity of tAg/[HZSM-5 nanocomposite was tested by the reduabios-
NP to 4-AP in the presence of NaBid water at room temperature as a model reacBchdme 2).

NO, NH,

Ag/HZSM-5
NaBH,, water, r.t.

OH OH
Scheme 2. The reduction of 4-NP on the surface of Ag/HZSM-5 nanocomposite.

It is well-known that 4-NP in aqueous solutierhibits a strong absorption peak at 317 nm wthsch
remarkably red-shifted to 400 nm when treated itineshly prepared aqueous solution of NaBHgure 7).
The absorption peak at about 400 nm comes fronfatmeation of dark yellow colored 4-nitrophenolat:s
(Scheme 3) in alkaline conditions upon the additbiNaBH,. It was demonstrated that the reduction reaction
did not proceed in the absence of the Ag/HZSM-50samposite and the absorption peak at 400 nm stayed
unchanged even for over 100 min. After Ag/HZSM-fimeomposite was added into the solution contaiding
NP and NaBl, the absorption peak at 400 nm gradually droppedniensity as the reduction reaction
proceeded and a new absorption peak started tmappea shoulder at 300 nm corresponding to 4-Aiehwh
indicated the reduction of 4-NP to 4-AP. The abgorppeak at 400 nm is fully removed after 320 duiction

period.
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Figure 7. Time-dependent UV-visible absorption spectra lier teduction of the 4-NP using Ag/HZSM-5

nanocomposite in aqueous media at room temperature

NO, NO, NH,
© BH, <> Ag/HZSM-5 ©
e —_—
OH o OH

Scheme 3. The reduction reaction for the conversion of 4-NP to product.

The effects of the amount of the Nap&ihd catalyst were determined for reduction reacts depicted in
Table 1, no reaction was achieved in the absendheotatalyst (Table 1, entry 1). So, indicatingttthe
catalytic reduction occurs at the surface of catalyhe best result was achieved with 100 equitslefhthe
NaBH, and 5.0 mg of catalyst at room temperature (Tablentry 5). With an overall look at Table 1, itava
observed that the catalytic performance increas#id an increase in the amount of the NaBMoreover, in
the presence of 100 equivalents of the NaBhRd 5.0 mg of catalyst, complete conversion wdaioéd within
320 s. To understand the effect of the Ag NPs enréiduction of the 4-NP, reaction was carried authie

presence of 5.0 mg of the HZSM-5 and 100 equivalehthe NaBH (Table 1, entry 2). In the absence of the
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Ag NPs, under the same conditions, the HZSM-5 héswer rate than the Ag/HZSM-5. The Ag/HZSM-5

shows the fastest rate because of the synergiaatien between Ag NPs and HZSM-5.

Table 1.

Optimization of reaction conditions for reductioitloe 4-NP to 4-AP.

Entry Catalyst (mg) NaBH(equivalents) Time
1 0 50 24 h
2 HZSM-5 (5.0) 100 540 s
3 Ag/HZSM-5 (5.0) 50 640 s
4 Ag/HZSM-5 (5.0) 75 440 s
5 Ag/HZSM-5 (5.0) 100 320 s
6 Ag/HZSM-5 (7.0) 100 320 s

#No reaction.

The catalytic reduction of the 4-NP to 4-ARaiselectron transfer (ET) process. The reaction eaaried out
in two steps. In the first step of process, 4-NB Bhl, diffuse from aqueous solution to the surface ohlyat
via n-nt stacking interactions. Then the hydrogen atomschwlire formed from Bl, after ET to Ag NPs attack

4-NP molecule. Finally, the corresponding produaswesorbed from the surface of the catalyst.

3.4. Catalytic reduction of the RhB, CR and MB

In the present work, we have also studied the ytitadbility of the Ag/HZSM-5 nanocomposite towartte
reduction of the MB, CR and RhB with the maximasaiption peaki(,.) at 663, 493 and 554, respectively
and results are presented in Table 2. As showrabi€l2, a short time and low amount of catalystewereded
for the reduction of various dyes. The best resméiee obtained with 5.0 mg of the Ag/HZSM-5 nanoposite

in the presence of freshly prepared NaBiqueous solution (5.3 x M) at room temperature.

Table 2.

Catalytic reduction of the RhB, CR and MB using Ag5M-5 nanocomposite.

Entry Dye (M) NaBH, (M) Catalyst (mg) Time (s)
1 CR (1.44 x 10) 5.3 x 10° 5.0 100
2 CR (1.44 x 10) 5.3 x 10° 7.0 100
3 RhB (2.09 x 18) 5.3 x 10° 5.0 200
4 MB (3.1 x 10°) 5.3 x 10° 5.0 94

The catalytic reductions of the MB, CR and Rl&e monitored by UV-vis absorption spectroscopthe

reaction mixture after the addition of the Nap&hd Ag/HZSM-5 nanocomposite. As can be seen iorEig,
12



the absorption intensity

at the absorption peakvidf, CR and RhB decreased as the reduction reaction

proceeded. It was observed that degradation of dyesirred within 94-200 s, depending upon the dye,

indicating the Ag/[HZSM-5 nanocomposite was ablestuce MB, CR and RhB.
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Figure 8. Time dependent UV-vis spectral changes of thetimamixture of (a) MB, (b) CR, (c) RhB and
NaBH, catalyzed by Ag/HZSM-5 NPs.
3.5. Catalyst recyclability
Recyclability and stability of the nanocatalyst the reduction of various dyes via NaBkas tested. The
Ag/HZSM-5 nanocomposite can be easily separaterh filoe reaction mixture by mild centrifugation and
washed with water and ethanol several times fostloeeessive runs. The regenerated catalyst wasleécfive
times for 100% reduction of the 4-NP. This recyidiabdemonstrates the turnover and high stabitifycatalyst
under operating conditions. The leaching of metinfthe Ag/HZSM-5 nanocomposite was checked. Afier
isolation of the catalyst, the reaction solutionsvamalyzed by the AAS (Atomic Absorption Spectrgsgo
technique. The result of analysis after fifth rshewed that only a very small amount of Ag meedglthan 1.0

%) was leached into the solution.

4. Conclusions

In summary, we have demonstrated an environmenfakydly protocol to prepare stable Ag/HZSM-5
nanocomposite usinguphorbia heterophylla leaf extract without using any special capping négie The
flavonoids present in extract of leaveskafphorbia heterophylla act as both capping/stabilizing and reducing
agents. The present method is inexpensive, sirapkly scaled up and environmentally benign becawdmzes
not require an extra reductant or surfactant tetaplaazardous materials and organic solvent. Tkpgred
Ag/HZSM-5 nanocomposite capped by biomolecules wilaaracterized by using FESEM, EDS, UV-vis,

elemental mapping, XRD and FT-IR techniques. Moeepwthe catalytic performance of the Ag/HZSM-5
14



nanocomposite for reduction of variety of dyes iatev was also considered. In addition, the catalystd be
easily isolated from the reaction mixture and sasiely recovered and reused for five cycles withaay
significant loss of catalytic efficiency, thus magi this procedure environmentally more acceptable.
Furthermore, the synthesized catalyst by this pats absolutely stable and can be encouraged fmoader

range of applications.

Acknowledgments
We gratefully acknowledge the Iranian Nano Coumitl the Universities of Mazandaran and Qom for the

support of this work.

References

[1] .M. Banat, P. Nigam, D. Singh and R. Marchaigresour. Technol. 58 (1996) 217.

[2] C.A. Martinez-Huitle and E. Brillas, Appl. Cat®8 Environ. 87 (2009) 105.

[3] V.K. Vidhu and D. Philip, Micron 56 (2014) 54.

[4] R. Dai, J. Chen, J. Lin, S. Xia, S. Chen and¥ng, J. Hazard. Mater. 170 (2009) 141.

[5] J.C. Spain, Annu. Rev. Microbiol. 49 (1995) 523

[6] B. Manu, S. Chaudhari, Bioresour. Technol. 3202) 225.

[7] R. Patel, S. Suresh, J. Hazard. Matet.38 (2006) 1729.

[8] L.G. Devi, S. G. Kumar, K. M. Reddy, C. Munikhnappa, J. Hazard. Mater. 164 (2009) 459.

[9] C. Guang, T. Yong-jian, L. Wei, L. Jiang-sh&anJun, Y. Tian-zu, Metallic Functional Material2(B) (2005) 18.
[10] C. Qing-chun, Fine Chem. 22 (2005) 417.

[11] G. Xin-ling, S. Zheng-tao, Applied Chemicatumstry 34 (2005) 615.

[12] W. Xiao-li, X. Bin-shi, Y. He-long, X. Yi, Chia Surface Engineering 18(5) (2005) 24

[13] H. Feng, Z. Zheng-yi, X. Yao-fu, W. Wu-xianlg, Ya-fang, W. Run, Acta Metallurgica Sinica 36(8D00) 659.
[14] W. Qi-feng, Z. Qi-xiu, Non-ferrous Smelting3j((2003) 10.

[15] H. Li-jun, H. Cai-xia, W. Yong-hong, Journdl @ansu Lianhe University: Natural Science 19(40®) 49.

[16] T. Ling-hua, L. Feng-sheng, Journal of Nanjingtitute of Technology: Natural Science Editid)3(2005) 6.
[17] M. Suleiman, M. Mousa, A. Hussein, B. Hammoiti B. Hadda and |. Warad, J. Mater. Environ. 8qR013) 792.
[18] M. Nasrollahzadeh, S.M. Sajadi, A. HatamifatdColloid Interface Sci. 460 (2015) 146.

[19] A. Hatamifard, M. Nasrollahzadeh, J. LipkowdRSC Adv. 5 (2015) 91372.

[20] A. Hatamifard, M. Nasrollahzadeh, S.M. Sajadiw J. Chem. 40 (2016) 2501.

[21] M. Tajbakhsh, M.M. Heravi, B. Mohajerani, AAhmadi, J. Mol. Catal. A Chem. 247 (2006) 213.

15



[22] M. Tajbakhsh, B. Mohajerani, M.M. Heravi, AAhmadi, J. Mol. Catal. A Chem. 236 (2005) 216.
[23] M. Tajbakhsh, H. Alinezhad, M. Nasrollahzad&ty. Kamali, J. Colloid Interface Sci. 471 (201%).
[24] D. Azarifar, F. Soleimanei, RSC Adv. 4 (2014119.

[25] Sh. Sang, F. Chang, Zh. Liu, Ch. He, Y. HeXLl, Catal. Today 729 (2004) 93.

[26] V.M. Maria de Fatima, S.C. Moreira, J. Mol.t@a A Chem. 192 (2003) 93.

[27] D. Zhao, H.H Ingelsten, M. Skoglundh, A. Painsy, J. Mol. Catal. A Chem. 249 (2006) 13.

[28] K.B. Narayanan, N. Sakthivel, Adv. Colloid émface Sci. 156 (2010) 1.

[29] E.S. Abdel-Halim, M.H. El-Rafie, S.S. Al-DeyaBarbohydr. Polym85 (2011) 692.

[30] M. Nasrollahzadeh, S.M. Sajadi, A. Hatamifaiqbpl. Catal. B Environ. 191 (2016) 209.

[31] S.P. Dubey, M. Lahtinen, M. Sillanpa, ProcBgzchem. 45 (2010) 1065.

[32] G. Zhan, J. Huang, M. Du, I. Abdul-Rauf, Y. Ma. Li, Mat. Lett. 65 (2011) 2989.

[33] X. Huang, H. Wu, S. Pu, W. Zhang, X. Liao @dShi, Green Chem. 13 (2011) 950.

[34] P. Raveendran, J. Fu, S.L. Wallen, Green Cl&(2006) 34.

[35] M. Nasrollahzadeh, S.M. Sajadi, J. Colloidehiice Sci. 457 (2015) 141.

[36] M. Atarod, M. Nasrollahzadeh, S.M. SajadiCalloid Interf. Sci. 462 (2016) 272.

[37] Z.Y. Zakaria, J. Linnekoski, N.A.S. Amin, Chefang. J. 207 (2012) 803.

[38] P.A. Jacobs, H.K. Beyer, J. Valyon, Zeolitg1981) 161.

[39] M.M. J. Treacy, J.B. Higgins, and R. von Batlos, Collection of simulated XRD powder patternsZeolites, Elsevier, New York,
1996, p. 523.

[40] X. Jiang, Y. Xie, J. Lu, L. Zhu, W. He, Y. QiaLangmuir 17 (2001) 3795.

16



Highlights:
» Ag/HZSM-5 nanocomposite was prepared udinghorbia heterophylla leaf extract and characterized.

»  First report on the use of the Ag/HZSM-5 nanoconitpdsr reduction of organic pollutant dyes.

e The catalyst is found to be stable and reusable.
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Highlights:
*  Ag/HZSM-5 nanocomposite was prepared using Euphorbia heterophylla leaf extract and characteri zed.
»  First report on the use of the Ag/HZSM-5 nanocomposite for reduction of organic pollutant dyes.

» Thecatayst isfound to be stable and reusable.



