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t₄t₄roar₁−αt₄₁tur₄sWH2012UHaZUHc[aVc]Z 157

713 R₄₁₄ntHa₂van₁₄sHαnH−ybrα₂Hp−oto₁atalystsH₆orHsolarH₆u₄lHpro₂u₁tαonWH2012UHaUHaeY[ 502

(2012-2012)
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712 {n₄Vst₄pH−y₂rot−₄rmalHsynt−₄sαsHo₆HzV₂op₄₂H“α{[XoHnano₁omposαt₄sHwαt−H−α₈−Hvαsαbl₄Hlα₈−tH
p−oto₁atalytα₁Ha₁tαvαtyWH2012UH_UHacbVd_ 290

711
umprovαn₈Ht−₄Hp−oto₁atalytα₁Hp₄r₆orman₁₄Ho₆H₈rap−₄n₄V“α{[Hnano₁omposαt₄sHvαaHaH₁ombαn₄₂H
strat₄₈yHo₆H₂₄₁r₄asαn₈H₂₄₆₄₁tsHo₆H₈rap−₄n₄Han₂Hαn₁r₄asαn₈Hαnt₄r₆a₁αalH₁onta₁tWHPhysicaliChemistryi
ChemicaliPhysicsUH2012UHZ_UHeZbcVca

3.6 256

710 }−ysα₁o₁−₄mα₁alHan₂Hp−oto₁atalytα₁Ha₁tαvαtα₄sHo₆Hs₄l₆Vass₄mblαn₈H“α{[Hnanopartα₁l₄sHonH
nano₁arbonsHsur₆a₁₄WH2012UHZ[UH]_bV]a[ 29

709 oombustαonHsynt−₄sαsHo₆H₈rap−₄n₄Hoxα₂₄â��“α{[H−ybrα₂Hmat₄rαalsH₆orHp−oto₂₄₈ra₂atαonHo₆Hm₄t−ylH
oran₈₄WHCarbonUH2012UHaYUH_Ye]V_ZYZ 10.4 195

708 qn−an₁₄₂H₁−₄mα₁alHαnt₄ra₁tαonHb₄tw₄₄nH“α{[Han₂H₈rap−₄n₄Hoxα₂₄H₆orHp−oto₁atalytα₁H₂₄₁olorαzatαonH
o₆Hm₄t−yl₄n₄Hblu₄WHChemicaliEngineeringiJournalUH2012UHZe]VZe_UH[Y]V[ZY 14.7 181

707 “α{[â��₈rap−₄n₄Hnano₁omposαt₄sH₆orHp−oto₁atalytα₁H−y₂ro₈₄nHpro₂u₁tαonH₆romHsplαttαn₈Hwat₄rWH2012
UH]cUH[[[_V[[]Y 182

706 oombαnatαonHo₆H₁obaltH₆₄rrαt₄Han₂H₈rap−₄n₄fHtα₈−Vp₄r₆orman₁₄Han₂Hr₄₁y₁labl₄Hvαsαbl₄Vlα₈−tH
p−oto₁atalysαsWH2012UHZZZVZZ[UH[dYV[dc 288

705 m₂van₁₄₂Hnanostru₁tur₄₂Hp−oto₁atalystsHbas₄₂HonHr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄â��“α{[H₁omposαt₄sH₆orH
₂₄₈ra₂atαonHo₆H₂αp−₄n−y₂ramαn₄Hp−arma₁₄utα₁alHan₂Hm₄t−ylHoran₈₄H₂y₄WH2012UHZ[]VZ[_UH[_ZV[ab 234

704 {n₄VpotHpoly₄l₄₁trolyt₄Hassαst₄₂H−y₂rot−₄rmalHsynt−₄sαsHo₆H“α{[Vr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄H
nano₁omposαt₄WHMaterialsiChemistryiandiPhysicsUH2012UHZ]]UH_dYV_db 4.4 11

703
mss₄mblyHo₆Ho₄{[V“α{[Hnanopartα₁l₄sHpr₄par₄₂HαnHroomHt₄mp₄ratur₄Hαonα₁Hlαquα₂HonH₈rap−₄n₄H
nanos−₄₄tsH₆orHp−oto₁atalytα₁H₂₄₈ra₂atαonHo₆HpollutantsWHJournaliofiHazardousiMaterialsUH2012UH
ZeeV[YYUHZcYVd

12.8 92

702 R₄₂u₁tαonHo₆H₈rap−₄n₄Hoxα₂₄HbyHanHαnVsαtuHp−oto₄l₄₁tro₁−₄mα₁alHm₄t−o₂HαnHaH₂y₄Vs₄nsαtαz₄₂HsolarH
₁₄llHass₄mblyWH2012UHcUHZYZ 52

701 rabrα₁atαonHan₂H₁−ara₁t₄rαstα₁sHo₆HsolutαonVpro₁₄ss₄₂H₈rap−₄n₄Hoxα₂₄â��sαlα₁onH−₄t₄roβun₁tαonWH2013UH
cUH]_YV]_] 12

700 ’ynt−₄sαsHo₆H₈rap−₄n₄Xnα₁γ₄lHoxα₂₄H₁omposαt₄Hwαt−Hαmprov₄₂H₄l₄₁tro₁−₄mα₁alHp₄r₆orman₁₄HαnH
₁apa₁αtorsWH2013UHZeUHZdd]VZdde 24

699 nlu₄Han₂H₈r₄₄nHlumαn₄s₁₄n₁₄Ho₆Hr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄HquantumH₂otsWHCarbonUH2013UHb]UHa]cVa_b 10.4 58

698 srap−₄n₄Hoxα₂₄â��“α{[H₁omposαt₄H₆αltratαonHm₄mbran₄sHan₂Ht−₄αrHpot₄ntαalHapplα₁atαonH₆orHwat₄rH
purα₆α₁atαonWHCarbonUH2013UHb[UH_baV_cZ 10.4 210

697 tα₈−H₄₆₆α₁α₄n₁yH₄l₄₁tronH₆α₄l₂H₄mαssαonH₆romHprotru₂₄₂H₈rap−₄n₄Hoxα₂₄Hnanos−₄₄tsHsupport₄₂HonH
s−arpHsαlα₁onHnanowαr₄sWH2013UHZUHaY_Y 32

696 popαn₈Ho₆H“α{[Vs{Han₂H“α{[Vrs{Hwαt−Hnobl₄Hm₄talsfHsynt−₄sαsUH₁−ara₁t₄rαzatαonHan₂Hp−oto₁atalytα₁H
p₄r₆orman₁₄H₆orHazoH₂y₄H₂αs₁oloratαonWH2013UHdeUHZY]dV_b 26

695 {rα₈αnHo₆H•αsαbl₄Hxα₈−tH}−otoa₁tαvαtyHo₆HR₄₂u₁₄₂Hsrap−₄n₄H{xα₂₄X“α{[HbyHαnH’αtuHty₂rot−₄rmalH
srowt−Ho₆H”n₂₄r₈rownH“α{[Hwαt−Hsrap−₄n₄H{xα₂₄WHJournaliofiPhysicaliChemistryiCUH2013UHZZcUHZbc]_VZbc_Z3.8 105
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694 yultα₆un₁tαonalH₈rap−₄n₄Hoxα₂₄V“α{â��Vm₈Hnano₁omposαt₄sH₆orH−α₈−Hp₄r₆orman₁₄Hwat₄rH₂αsαn₆₄₁tαonH
an₂H₂₄₁ontamαnatαonHun₂₄rHsolarHαrra₂αatαonWHJournaliofiHazardousiMaterialsUH2013UH[bZUH[Z_V[] 12.8 146

693 zano₁rystalHmss₄mblyHo₆Htα₄rar₁−α₁alH}orousHmr₁−αt₄₁tur₄H₆orH}−oto₁atalysαsWH2013UH_ZcV__Z 0

692 {xy₈₄nat₄₂V₈rap−₄n₄V₄nabl₄₂Hr₄₁ombαnatαonHbarrα₄rHlay₄rH₆orH−α₈−Hp₄r₆orman₁₄H₂y₄Vs₄nsαtαz₄₂H
solarH₁₄llWHCarbonUH2013UHbYUHa[]Va]Y 10.4 8

691 oarbonHnano−ornsHasHαnt₄₈ratαv₄Hmat₄rαalsH₆orH₄₆₆α₁α₄ntH₂y₄Vs₄nsαtαz₄₂HsolarH₁₄llsWH2013UH[aUHbaZ]Vd 39

690 umprovαn₈Ht−₄Hvαsαbl₄Hlα₈−tHp−otoa₁tαvαtyHo₆Hun[’]V₈rap−₄n₄Hnano₁omposαt₄HvαaHaHsαmpl₄Hsur₆a₁₄H
₁−ar₈₄Hmo₂α₆α₁atαonHapproa₁−WH2013UH[eUHZYa_eVad 136

689 mH₈r₄₄nHan₂H₂αr₄₁tHsynt−₄sαsHo₆H₈rap−₄n₄Hoxα₂₄H₄n₁apsulat₄₂H“α{[H₁or₄Xs−₄llHstru₁tur₄sHwαt−H
₄n−an₁₄₂Hp−otoa₁tαvαtyWHChemicaliEngineeringiJournalUH2013UH[]YUH[ceV[da 14.7 73

688 ql₄₁trop−or₄tα₁H₂₄posαtαonHo₆Hr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄Hnanos−₄₄tsHonH“α{[Hnanotub₄HarraysH₆orH
₂y₄Vs₄nsαtαz₄₂HsolarH₁₄llsWH2013UHZZZUH[ZbV[[[ 55

687 }r₄paratαonHo₆Hnov₄lHo₂’V₈rap−₄n₄X“α{[H₁omposαt₄sHwαt−H−α₈−Hp−oto₁atalytα₁Ha₁tαvαtyH₆orH
m₄t−yl₄n₄Hblu₄H₂y₄Hun₂₄rHvαsαbl₄Hlα₈−tWH2013UH]bUHdbeVdcb 22

686 “α{[V₈rap−₄n₄Hoxα₂₄Hnano₁omposαt₄HasHa₂van₁₄₂Hp−oto₁atalytα₁Hmat₄rαalsWH2013UHcUH_Z 183

685 ’ynt−₄sαsHo₆H₈rap−₄n₄Hoxα₂₄Vnα}{_H₁omposαt₄sHwαt−H₄n−an₁₄₂Hp−oto₁atalytα₁Hprop₄rtα₄sWH2013UH
[d_UH]YdV]Z_ 35

684 ’₄l₄₁tαv₄Hp−otor₄₂oxHusαn₈H₈rap−₄n₄Vbas₄₂H₁omposαt₄Hp−oto₁atalystsWHPhysicaliChemistryiChemicali
PhysicsUH2013UHZaUHZeZY[VZd 3.6 273

683 mHma₈n₄tα₁allyHs₄parabl₄H}[aXoor₄[{_X₈rap−₄n₄H₁atalystHwαt−H₄n−an₁₄₂Ha₂sorptαonH₁apa₁αtyHan₂H
vαsαbl₄Vlα₈−tV₂rαv₄nHp−oto₁atalytα₁Ha₁tαvαtyWH2013UH]UH[[_eY 35

682 xay₄rVbyVlay₄rHass₄mblyHo₆H₈rap−₄n₄Hoxα₂₄Han₂HaHRuQuuRH₁ompl₄xHan₂Hsα₈nα₆α₁antHp−oto₁urr₄ntH
₈₄n₄ratαonHprop₄rtα₄sWH2013UH[eUHZ_]Z_V[Y 41

681 mHnov₄lHâ��₈₄lâ��solâ��Hstrat₄₈yHtoHsynt−₄sαz₄H“α{[Hnanoro₂H₁ombαnαn₈Hr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄H
₁omposαt₄sWH2013UHZYcUH]YcV]ZY 38

680 o−₄mα₁allyHyo₂α₆α₄₂Hsrap−₄n₄H{xα₂₄V–rapp₄₂H†uasαVyα₁roHm₈Hp₄₁orat₄₂H’αlv₄rH“rαmolyb₂at₄H
zanowαr₄sH₆orH}−oto₁atalytα₁Hmpplα₁atαonsWHJournaliofiPhysicaliChemistryiCUH2013UHZZcUH[_Y[]V[_Y][ 3.8 34

679
qn−an₁₄₂Hp−oto₄l₄₁tro₁atalytα₁Hp₄r₆orman₁₄Ho₆HtαtanαumH₂αoxα₂₄X₁arbonH₁lot−Hbas₄₂H
p−oto₄l₄₁tro₂₄sHbyH₈rap−₄n₄Hmo₂α₆α₁atαonHun₂₄rHvαsαbl₄Vlα₈−tHαrra₂αatαonWHJournaliofiHazardousi
MaterialsUH2013UH[b]H}tH[UH[eZVd

12.8 39

678 rabrα₁atαonHan₂Hp−oto₁atalysαsHo₆H“α{[V₈rap−₄n₄Hsan₂wα₁−Hnanos−₄₄tsHwαt−Hsmoot−Hsur₆a₁₄Han₂H
₁ontroll₄₂Ht−α₁γn₄ssWHChemicaliEngineeringiJournalUH2013UH[[eUHabeVacb 14.7 33

677 zanomat₄rαalVnas₄₂H}−oto₁atalystsWH2013UH_beV_e] 3

(2013-2013)
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676 }olyQvαnylHal₁o−olRXpolyQa₁rylα₁Ha₁α₂RX“α{[X₈rap−₄n₄Hoxα₂₄Hnano₁omposαt₄H−y₂ro₈₄lsH₆orH
ptVs₄nsαtαv₄Hp−oto₁atalytα₁H₂₄₈ra₂atαonHo₆Hor₈anα₁HpollutantsWH2013UHZcdUHZYecVZZY] 63

675 m₂van₁₄sHαnHvαsαbl₄Hlα₈−tHr₄sponsαv₄HtαtanαumHoxα₂₄Vbas₄₂Hp−oto₁atalystsH₆orHo{[H₁onv₄rsαonHtoH
−y₂ro₁arbonH₆u₄lsWH2013UHcbUHZe_V[Z_ 235

674 yultα₆un₁tαonalHnanostru₁tur₄₂Hm₄mbran₄H₆orH₁l₄anHwat₄rHr₄₁lamatαonH₆romHwast₄wat₄rHwαt−H
varαousHptH₁on₂αtαonsWH2013UH]UHZa[Y[ 15

673 mss₄mblyHo₆Hm₈]}{_Hnano₁rystalsHonH₈rap−₄n₄Vbas₄₂Hnanos−₄₄tsHwαt−H₄n−an₁₄₂Hp−oto₁atalytα₁H
p₄r₆orman₁₄WHJournaliofiColloidiandiInterfaceiScienceUH2013UH_YaUHZVe 9.3 57

672 ummobαlαzαn₈Ho₂’HquantumH₂otsHan₂H₂₄n₂rαtα₁H}tHnano₁rystalsHonHt−αolat₄₂H₈rap−₄n₄Hnanos−₄₄tsH
towar₂H−α₈−lyH₄₆₆α₁α₄ntHp−oto₁atalytα₁Ht[H₄volutαonWH2013UHaUHed]YVd 95

671 o−₄mos₄l₄₁tαv₄Hr₄₂u₁tαonHo₆H₈rap−₄n₄Hoxα₂₄Han₂HαtsHapplα₁atαonHαnHnonvolatαl₄Hor₈anα₁HtransαstorH
m₄moryH₂₄vα₁₄sWH2013UH]UH[acdd 15

670 Rapα₂Han₂Hsp₄₁α₆α₁Hs₄nsαn₈Ho₆H₈allα₁Ha₁α₂Hwαt−HaHp−oto₄l₄₁tro₁−₄mα₁alHplat₆ormHbas₄₂HonH
polyanαlαn₄Vr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄V“α{[WH2013UH_eUHcd_[V_ 52

669 {n₄Vst₄pH₈rowt−Ho₆Hor₈anα₁Hsαn₈l₄V₁rystalHpVnHnanoV−₄t₄roβun₁tαonsHwαt−H₄n−an₁₄₂Hvαsαbl₄Vlα₈−tH
p−oto₁atalytα₁Ha₁tαvαtyWH2013UH_eUHe[YYV[ 35

668 zano₁omposαt₄Ho₆H₈rap−₄n₄Hoxα₂₄Hwαt−Hnαtro₈₄nV₂op₄₂H“α{[H₄x−αbαtαn₈H₄n−an₁₄₂Hp−oto₁atalytα₁H
₄₆₆α₁α₄n₁yH₆orH−y₂ro₈₄nH₄volutαonWH2013UH]dUH[bcYV[bcc 99

667 ’up₄r−y₂rop−αlα₁H₈rap−₄n₄Vloa₂₄₂H“α{[Ht−αnH₆αlmH₆orHs₄l₆V₁l₄anαn₈Happlα₁atαonsWH2013UHaUH[YcVZ[ 187

666 srap−₄n₄H₆a₁αlαtat₄₂Hvαsαbl₄Hlα₈−tHp−oto₂₄₈ra₂atαonHo₆Hm₄t−yl₄n₄Hblu₄Hov₄rHtαtanαumH₂αoxα₂₄H
p−oto₁atalystsWHChemicaliEngineeringiJournalUH2013UH[Z_UH[edV]Y] 14.7 160

665 {n₄Vst₄pHsynt−₄sαsHo₆H}tHnanopartα₁l₄sXr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄H₁omposαt₄Hwαt−H₄n−an₁₄₂H
₄l₄₁tro₁−₄mα₁alH₁atalytα₁Ha₁tαvαtyWH2013UHabUH]a_V]bZ 17

664 srap−₄n₄Vnas₄₂H}−oto₁atalystsH₆orHty₂ro₈₄nHs₄n₄ratαonWH2013UH_UHca]Ve 463

663 }−oto₁atalytα₁Hm₄₁−anαsmHo₆H₈rap−₄n₄Xtαtanat₄Hnanotub₄sHp−oto₁atalystHun₂₄rHvαsαbl₄Vlα₈−tH
αrra₂αatαonWHMaterialsiChemistryiandiPhysicsUH2013UHZ]dUHbYdVbZ_ 4.4 68

662 ’ynt−₄sαsHo₆H₆ull₄r₄n₄VUH₁arbonHnanotub₄VUHan₂H₈rap−₄n₄V“α{â��Hnano₁omposαt₄Hp−oto₁atalystsH₆orH
s₄l₄₁tαv₄Hoxα₂atαonfHaH₁omparatαv₄Hstu₂yWH2013UHaUHZZabVb_ 307

661 “αtanαumH₂αoxα₂₄â��₈rap−₄n₄Hoxα₂₄H₁omposαt₄sHwαt−H₂α₆₆₄r₄ntHratαosHsupport₄₂HbyH}yr₄xHtub₄H₆orH
p−oto₁atalysαsHo₆Htoxα₁Haromatα₁HvaporsWH2013UH[aYUHZZaVZ[Z 39

660 oarbonV₂₄posαt₄₂H“α{[H]pHαnv₄rs₄HopalHp−oto₁atalystsfHvαsαbl₄Vlα₈−tHp−oto₁atalytα₁Ha₁tαvαtyHan₂H
₄n−an₁₄₂Ha₁tαvαtyHαnHaHvαs₁ousHsolutαonWH2013UHaUHZ[a[bV][ 63

659 xαquα₂Vp−as₄HplasmaHsynt−₄sαsHo₆Hsαlα₁onHquantumH₂otsH₄mb₄₂₂₄₂HαnH₁arbonHmatrαxH₆orHlαt−αumH
batt₄ryHano₂₄sWHMaterialsiResearchiBulletinUH2013UH_dUH_Yc[V_Ycc 5.1 17
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658 }[aX₈rap−₄n₄Hnano₁omposαt₄sHasHaH−α₈−Vp₄r₆orman₁₄Hano₂₄Hmat₄rαalH₆orHlαt−αumHαonHbatt₄rα₄sWH
MaterialsiChemistryiandiPhysicsUH2013UHZ_ZUHZa]VZae 4.4 5

657 }lasmonV₄n−an₁₄₂Hp−oto₁urr₄ntHmonαtorαn₈Ho₆Ht−₄Hαnt₄ra₁tαonHb₄tw₄₄nHporp−yrαnH₁oval₄ntlyH
bon₂₄₂HtoH₈rap−₄n₄Hoxα₂₄Han₂Ha₂₄nosαn₄Hnu₁l₄otα₂₄sWH2013UH]UH]aY] 11

656
mnHunH’αtuH’αmultan₄ousHR₄₂u₁tαonVty₂rolysαsH“₄₁−nαqu₄H₆orHrabrα₁atαonHo₆H“α{[Vsrap−₄n₄H[pH
’an₂wα₁−Vxαγ₄Htybrα₂Hzanos−₄₄tsfHsrap−₄n₄V}romot₄₂H’₄l₄₁tαvαtyHo₆H}−oto₁atalytα₁Vprαv₄nH
ty₂ro₈₄natαonHan₂Hoouplαn₈Ho₆Ho{[HαntoHy₄t−an₄Han₂Hqt−an₄WH2013UH[]UHZc_]VZc_e

318

655 }−oto₁atalytα₁Hprop₄rtα₄sHo₆H₈rap−₂αyn₄Han₂H₈rap−₄n₄Hmo₂α₆α₄₂H“α{â��fH₆romHt−₄oryHtoH₄xp₄rαm₄ntWH
ACSiNanoUH2013UHcUHZaY_VZ[ 16.7 373

654 srap−₄n₄Hoxα₂₄â��αronH₁ompl₄xfHsynt−₄sαsUH₁−ara₁t₄rαzatαonHan₂Hvαsαbl₄Vlα₈−tV₂rαv₄nHp−oto₁atalysαsWH
2013UHZUHb__VbaY 46

653 srap−₄n₄Han₂HαtsH₂₄rαvatαv₄sH₆orHt−₄H₂₄v₄lopm₄ntHo₆HsolarH₁₄llsUHp−oto₄l₄₁tro₁−₄mα₁alUHan₂H
p−oto₁atalytα₁Happlα₁atαonsWH2013UHbUHZ]b[ 324

652 srap−₄n₄Hoxα₂₄Hsupport₄₂HmuVm₈HalloyHnanopartα₁l₄sHwαt−H₂α₆₆₄r₄ntHs−ap₄sHan₂Ht−₄αrH−α₈−H₁atalytα₁H
a₁tαvαtα₄sWH2013UH[_UHZ[a]YZ 42

651 nαonα₁Hra₂α₁alH₈₄n₄ratαonHan₂Hantαoxα₂antH₁apa₁αtyHs₄nsαn₈Hwαt−Hp−oto₁atalytα₁H₈rap−₄n₄H
oxα₂₄VtαtanαumH₂αoxα₂₄H₁omposαt₄sHun₂₄rHvαsαbl₄Hlα₈−tWH2013UHZ]dUH[]]aV_[ 12

650 srap−₄n₄Vbas₄₂Hmat₄rαalsfH₆abrα₁atαonUH₁−ara₁t₄rαzatαonHan₂Happlα₁atαonH₆orHt−₄H₂₄₁ontamαnatαonHo₆H
wast₄wat₄rHan₂Hwast₄₈asHan₂H−y₂ro₈₄nHstora₈₄X₈₄n₄ratαonWH2013UHZeaVZebUHZeV_Y 265

649 rabrα₁atαonHo₆H₈rap−₄n₄Hoxα₂₄H₂₄₁orat₄₂Hwαt−Hmuâ��m₈HalloyHnanopartα₁l₄sHan₂HαtsHsup₄rαorH₁atalytα₁H
p₄r₆orman₁₄H₆orHt−₄Hr₄₂u₁tαonHo₆H_Vnαtrop−₄nolWH2013UHZUHc]d_ 109

648 py₄Vs₄nsαtαzatαonVαn₂u₁₄₂Hvαsαbl₄Vlα₈−tHr₄₂u₁tαonHo₆H₈rap−₄n₄Hoxα₂₄H₆orHt−₄H₄n−an₁₄₂H“α{[H
p−oto₁atalytα₁Hp₄r₆orman₁₄WH2013UHaUH[e[_Ve 132

647 Rol₄sHo₆H₈rap−₄n₄Hoxα₂₄HαnHp−oto₁atalytα₁Hwat₄rHsplαttαn₈WH2013UHZbUHcdVd_ 279

646 srap−₄n₄Hoxα₂₄H₁oupl₄₂Hm₈nrHnanos−₄₄tsfHanH₄₆₆α₁α₄ntH₂ualV₆un₁tαonalHvαsαbl₄Vlα₈−tVr₄sponsαv₄H
nanop−oto₁atalystHwαt−H₄n−an₁₄₂Hp₄r₆orman₁₄WH2013UHZUH[d[c 32

645 “−₄or₄tα₁alHαnsα₈−tsHαntoHp−otoαn₂u₁₄₂H₁−ar₈₄Htrans₆₄rHan₂H₁atalysαsHatHoxα₂₄Hαnt₄r₆a₁₄sWH2013UHZZ]UH__ebVaba 392

644 •₄rsatαl₄Hsrap−₄n₄V}romotαn₈H}−oto₁atalytα₁H}₄r₆orman₁₄Ho₆H’₄mα₁on₂u₁torsfHnasα₁H}rαn₁αpl₄sUH
’ynt−₄sαsUH’olarHqn₄r₈yHoonv₄rsαonUHan₂Hqnvαronm₄ntalHmpplα₁atαonsWH2013UH[]UH_eebVaYYd 309

643 qn−an₁₄₂H₂₄₁oloratαonHa₁tαvαtyHbyHou[{l“α{[Hnanob₄ltsH−₄t₄rostru₁tur₄sHvαaHaHstron₈H
a₂sorptαonVw₄aγHp−oto₂₄₈ra₂atαonHpro₁₄ssWH2013UH[d[UHd_VeZ 41

642 oontrollabl₄H{[â�¢â��Hoxα₂αzatαonH₈rap−₄n₄HαnH“α{[X₈rap−₄n₄H₁omposαt₄Han₂HαtsH₄₆₆₄₁tHonH
p−oto₁atalytα₁H−y₂ro₈₄nH₄volutαonWH2013UH]dUHZ]ZZYVZ]ZZb 19

641 R₄₁₄ntHpro₈r₄ssHαnHt−₄Hpr₄paratαonHan₂Happlα₁atαonHo₆Hs₄mα₁on₂u₁torX₈rap−₄n₄H₁omposαt₄H
p−oto₁atalystsWH2013UH]_UHb[ZVb_Y 52

(2013-2013)
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640 ’ynt−₄sαsHo₆Hunα₆ormHo₂’Hnanosp−₄r₄sX₈rap−₄n₄H−ybrα₂Hnano₁omposαt₄sHan₂Ht−₄αrHapplα₁atαonHasH
vαsαbl₄Hlα₈−tHp−oto₁atalystH₆orHs₄l₄₁tαv₄Hr₄₂u₁tαonHo₆HnαtroHor₈anα₁sHαnHwat₄rWH2013UHaUH_]YeVZe 209

639 xowVt₄mp₄ratur₄Hsynt−₄sαsHo₆Hstabl₄Hnano“α{[â��rs{H₁omposαt₄H₁olloα₂sHan₂Ht−₄αrHapplα₁atαonHαnH
p−oto₄l₄₁trα₁H₆αlmsWH2013UH]UHdaae 7

638 mHbrα₄₆Hr₄vα₄wHo₆H₈rap−₄n₄â��m₄talHoxα₂₄H₁omposαt₄sHsynt−₄sαsHan₂Happlα₁atαonsHαnHp−oto₁atalysαsWH
2013UHZUH[ZV]e 118

637 m₈â��m₈nrX“α{[XRs{Hnano₁omposαt₄H₆orHvαsαbl₄Vlα₈−tHp−oto₁atalytα₁H₂₄₈ra₂atαonHo₆Hp₄nα₁αllαnHsWH
2013UHZUH_cZd 171

636 mH₆a₁αl₄Hon₄VpotHsynt−₄sαsHo₆H₁opp₄rHsul₆α₂₄V₂₄₁orat₄₂Hr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄H₁omposαt₄sH₆orH
₄n−an₁₄₂H₂₄t₄₁tαn₈Ho₆Ht[{[HαnHbαolo₈α₁alH₄nvαronm₄ntsWH2013UHdaUHdYeaVZYZ 235

635 }r₄paratαonHo₆Hou’V₈rap−₄n₄Hoxα₂₄X“α{[H₁omposαt₄sH₂₄sα₈n₄₂H₆orH−α₈−Hp−otonα₁H₄₆₆₄₁tHan₂H
p−oto₁atalytα₁Ha₁tαvαtyHun₂₄rHvαsαbl₄Hlα₈−tWH2013UH]_UHcZZVcZc 35

634 ty₂rot−₄rmalHpr₄paratαonHo₆H}[aâ��₈rap−₄n₄H₁omposαt₄Hwαt−H₄n−an₁₄₂Ha₂sorptαonHan₂H
p−oto₁atalytα₁H₂₄₈ra₂atαonHo₆H₂y₄sWHChemicaliEngineeringiJournalUH2013UH[ZeUH_dbV_eZ 14.7 75

633
}r₄paratαonHo₆H₈rap−₄n₄X“α{[H₁omposαt₄sHbyHnonαonα₁Hsur₆a₁tantHstrat₄₈yHan₂Ht−₄αrHsαmulat₄₂H
sunlα₈−tHan₂Hvαsαbl₄Hlα₈−tHp−oto₁atalytα₁Ha₁tαvαtyHtowar₂sHr₄pr₄s₄ntatαv₄Haqu₄ousH}{}sH₂₄₈ra₂atαonWH
JournaliofiHazardousiMaterialsUH2013UH[aYV[aZUHZeV[d

12.8 86

632 {n₄VpotHsynt−₄sαsHo₆Hun[’]Hnanos−₄₄tsX₈rap−₄n₄H₁omposαt₄sHwαt−H₄n−an₁₄₂Hvαsαbl₄Vlα₈−tH
p−oto₁atalytα₁Ha₁tαvαtyWH2013UHZ[eUHdYVdd 127

631 xon₈Vlαv₄₂H₁−ar₈₄Hs₄parat₄₂Hstat₄sHαnHnanostru₁tur₄₂Hs₄mα₁on₂u₁torHp−oto₄l₄₁tro₂₄sH₆orHt−₄H
pro₂u₁tαonHo₆HsolarH₆u₄lsWH2013UH_[UH[[dZVe] 260

630 ’ynt−₄sαsHo₆HR₄₂u₁₄₂Hsrap−₄n₄H{xα₂₄H₆orHt₄lαant−αn₄HR₄movalWH2013UHdb_VdbcUHZcZ]VZcZb

629 srap−₄n₄H–rapp₄₂H“α{[Hnas₄₂HoatalystsHwαt−Hqn−an₁₄₂H}−oto₁atalytα₁Hm₁tαvαtyWH2014UHZUHZ]YYZaY 59

628 srap−₄n₄â��“αtanαaHtybrα₂H}−otoano₂₄sHbyH’up₄rsonα₁Hwαn₄tα₁H’prayαn₈H₆orH’olarH–at₄rH’plαttαn₈WH
2014UHecUH]bbYV]bbd 9

627 }r₄paratαonHo₆H₈rap−αt₄Hnanos−₄₄tsX“α{[H₁omposαt₄sHan₂Hp−oto₁atalytα₁Hp₄r₆orman₁₄WH2014UH

626 unHsαtuHsynt−₄sαsHo₆H−α₄rar₁−α₁alHun[’]â��₈rap−₄n₄Hnano₁omposαt₄Hp−oto₁atalystH₆orHs₄l₄₁tαv₄H
oxα₂atαonWH2014UH_UHb__d_Vb__e] 24

625 yα₁rowav₄H₆abrα₁atαonHo₆Hou[Zn’n’_Hnanopartα₁l₄Han₂HαtsHvαsαbl₄Hlα₈−tHp−oto₁atalytα₁Hprop₄rtα₄sWH
2014UHeUH_cc 16

624 ’₄l₆Vass₄mblyHo₆H₂α₆₆₄r₄ntH₈rap−₄n₄Vmo₂α₆α₄₂Hmorp−olo₈α₄sHo₆H“α{[fHnanopartα₁l₄UHnanoro₂Han₂H
nanowαr₄H₆orHbαsp−₄nolVmHp−oto₂₄₁omposαtαonWH2014UHeUH]cYV]ca 2

623 tα₈−lyH₄₆₆α₁α₄ntHma₈n₄tα₁allyHs₄parabl₄H“α{[â��₈rap−₄n₄Hoxα₂₄Hsupport₄₂H’rr₄Z[{ZeH₆orH₂αr₄₁tH
sunlα₈−tV₂rαv₄nHp−otoa₁tαvαtyWHChemicaliEngineeringiJournalUH2014UH[]aUH[b_V[c_ 14.7 27
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622 }−oto₁atalystsHwαt−Hαnt₄rnalH₄l₄₁trα₁H₆α₄l₂sWH2014UHbUH[_V_[ 542

621 srap−₄n₄Hoxα₂₄â��nα{nrH₁omposαt₄Hmat₄rαalHasH−α₈−lyH₄₆₆α₁α₄ntHp−oto₁atalystH₆orH₂₄₈ra₂atαonHo₆H
m₄t−yl₄n₄Hblu₄Han₂Hr−o₂amαn₄VnH₂y₄sWH2014UHZUHZcV[b 85

620 umprovαn₈Hqn₄r₈yHoonv₄rsαonHq₆₆α₁α₄n₁yHo₆Hpy₄V’₄nsαtαz₄₂H’olarHo₄llsHbyHyo₂α₆yαn₈H“α{[H
}−otoano₂₄sHwαt−Hzαtro₈₄nVR₄₂u₁₄₂Hsrap−₄n₄H{xα₂₄WH2014UH[UHZ[]_VZ[_Y 50

619 tα₈−lyV₂αsp₄rs₄₂HboronV₂op₄₂H₈rap−₄n₄HnanorαbbonsHwαt−H₄n−an₁₄₂H₁on₂u₁tαbαlαtyHan₂H
p−oto₁atalysαsWH2014UHaYUHbb]cV_Y 80

618 mHlay₄rVbyVlay₄rHass₄mbl₄₂H₈rap−₄n₄Xzαn₁Hsul₆α₂₄Xpolypyrrol₄Ht−αnV₆αlmH₄l₄₁tro₂₄HvαaH
₄l₄₁trop−or₄tα₁H₂₄posαtαonH₆orHsolarH₁₄llsWH2014UHaa[UH[Y_V[ZZ 71

617 un₆lu₄n₁₄Ho₆H₁olloα₂alH₈rap−₄n₄Hoxα₂₄HonHp−oto₁atalytα₁Ha₁tαvαtyHo₆Hnano₁rystallαn₄H“α{[HαnH
₈asVp−as₄H₄t−anolHan₂Hb₄nz₄n₄Hoxα₂atαonWH2014UHZ_dVZ_eUHa_]Va_e 31

616 qn−an₁₄₂Hp−otoV₄l₄₁tro₁atalytα₁Hp₄r₆orman₁₄Ho₆H}tXRs{X“α{[HonH₁arbonH₆αb₄rHtowar₂sHm₄t−anolH
oxα₂atαonHαnHalγalαn₄Hm₄₂αaWH2014UHZdUHaZaVa[[ 39

615 mHunαv₄rsalHstrat₄₈yHtoHpr₄par₄H₆un₁tαonalHporousH₈rap−₄n₄H−ybrα₂Har₁−αt₄₁tur₄sWH2014UH[bUH]bdZVc 152

614 p₄posαtαn₈Ho₆Hou’Hnano₁rystalsHuponHt−₄H₈rap−₄n₄Hs₁a₆₆ol₂Han₂Ht−₄αrHp−oto₁atalytα₁Ha₁tαvαtα₄sWH2014
UH]Y]UHa_VbY 55

613 qvaluatαn₈Ht−₄Hs₄nsαtαzαn₈H₄₆₆₄₁tHonHt−₄Hp−oto₁atalytα₁H₂₄₁oloratαonHo₆H₂y₄sHusαn₈Hanatas₄V“α{[WH
2014UHZ_dVZ_eUH[aYV[ac 61

612 ’αn₈l₄Hst₄pH₄l₄₁tro₁−₄mα₁alH₆abrα₁atαonHo₆H−α₈−lyHloa₂₄₂Hpalla₂αumHnanopartα₁l₄sH₂₄₁orat₄₂H
₁−₄mα₁allyHr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄Han₂HαtsH₄l₄₁tro₁atalytα₁Happlα₁atαonsWH2014UH_a[UH]eV_a 16

611 ’₄l₆Vass₄mblyHo₆H₈rap−₄n₄Hoxα₂₄HatHαnt₄r₆a₁₄sWH2014UH[bUHaadbVbZ[ 273

610 {n₄VpotHsynt−₄sαsHo₆Hor₂₄r₄₂Hm₄soporousHsαlv₄rHnanopartα₁l₄X₁arbonH₁omposαt₄sH₆orH₁atalytα₁H
r₄₂u₁tαonHo₆H_Vnαtrop−₄nolWHJournaliofiColloidiandiInterfaceiScienceUH2014UH_[]UHa_Ve 9.3 71

609 }−oto₁atalytα₁Ha₁tαvαtα₄sHo₆H−₄t₄rostru₁tur₄₂H“α{[V₈rap−₄n₄HporousHmα₁rosp−₄r₄sHpr₄par₄₂HbyH
ultrasonα₁HsprayHpyrolysαsWH2014UHad_UHZdYVZd_ 37

608 ’₄l₆Vass₄mbl₄₂H₄n₁apsulatαonHo₆H₈rap−₄n₄Hoxα₂₄Xm₈lm₈olHasHaHZVs₁−₄m₄Hp−oto₁atalytα₁Hsyst₄mH
₆orHpollutantHr₄movalWH2014UH[UHZ[e_VZ]YZ 95

607 }ot₄ntαalH₈ra₂α₄ntHan₂Hp−oto₁atalytα₁Ha₁tαvαtyHo₆HanHultrat−αnHpVnHβun₁tαonHsur₆a₁₄Hpr₄par₄₂Hwαt−H
twoV₂αm₄nsαonalHs₄mα₁on₂u₁tαn₈Hnano₁rystalsWH2014UHZ]bUHZdc[Vd 145

606 umpa₁tHo₆Hpro₁₄ssHparam₄t₄rsHonHr₄movalHo₆Hoon₈oHr₄₂HbyH₈rap−₄n₄Hoxα₂₄H₆romHaqu₄ousHsolutαonWH
2014UH[UH[bYV[c[ 52

605 q₆₆α₁α₄ntH’₄l₆Vmss₄mblyH’ynt−₄sαsHo₆H”nα₆ormHo₂’H’p−₄rα₁alHzanopartα₁l₄sVmuHzanopartα₁l₄sHtybrα₂sH
wαt−Hqn−an₁₄₂H}−otoa₁tαvαtyWH2014UH[_UH]c[aV]c]] 195

(2014-2014)
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604 srap−₄n₄Hoxα₂₄X˛–VnαQ[R{Q]RH₁omposαt₄sH₆orHvαsαbl₄Vlα₈−tHp−oto₁atalysαsUH₁−₄mα₁alH₁atalysαsUHan₂HsolarH
₄n₄r₈yH₁onv₄rsαonWH2014UHcUHda_Vba 38

603
mHpossαbl₄Hm₄₁−anαsmH₆orHt−₄H₄m₄r₈₄n₁₄Ho₆HanHa₂₂αtαonalHban₂H₈apH₂u₄HtoHaH“αâ��{â��oHbon₂HαnHt−₄H
“α{[â��₈rap−₄n₄H−ybrα₂Hsyst₄mH₆orH₄n−an₁₄₂Hp−oto₂₄₈ra₂atαonHo₆Hm₄t−yl₄n₄Hblu₄Hun₂₄rHvαsαbl₄H
lα₈−tWH2014UH_UHaedeYVaeeYZ

113

602 zV₂op₄₂H₈rap−₄n₄HquantumH₂otsV₆un₁tαonalαz₄₂HtαtanαumH₂αoxα₂₄Hnano₆αb₄rsHan₂Ht−₄αrH−α₈−lyH
₄₆₆α₁α₄ntHp−oto₁urr₄ntHr₄spons₄WH2014UH[eUHZ_YdVZ_Zb 18

601 oarbonV₂₄posαt₄₂H“α{[Hnanopartα₁l₄HballsH₆orH−α₈−Vp₄r₆orman₁₄Hvαsαbl₄Hp−oto₁atalysαsWH2014UH_UHaa]cZVaa]cb 3

600 ’ur₆a₁₄H₁−ar₈₄Hpromot₄sHt−₄Hsynt−₄sαsHo₆Hlar₈₄UH₆latHstru₁tur₄₂H₈rap−₄n₄â��Qo₂’Hnanowαr₄Râ��“α{[H
nano₁omposαt₄sHasHv₄rsatαl₄Hvαsαbl₄Hlα₈−tHp−oto₁atalystsWH2014UH[UH_]YV__Y 106

599 ”ltrat−αnH₈Vo]z_X“α{[H₁omposαt₄sHasHp−oto₄l₄₁tro₁−₄mα₁alH₄l₄m₄ntsH₆orHt−₄Hr₄alVtαm₄H₄valuatαonH
o₆H₈lobalHantαoxα₂antH₁apa₁αtyWH2014UHaUH]e_bV]eaZ 122

598 nα[’n[{câ��“α{[Hnano₁omposαt₄sH₆orH₄n−an₁αn₈Hvαsαbl₄Hlα₈−tHp−oto₁atalytα₁Ha₁tαvαtyWH2014UH_UH_eeYYV_eeYc 17

597 tα₄rar₁−α₁alH₁omposαt₄sHo₆H“α{[Hnanowαr₄HarraysHonHr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄Hnanos−₄₄tsHwαt−H
₄n−an₁₄₂Hp−oto₁atalytα₁H−y₂ro₈₄nH₄volutαonHp₄r₆orman₁₄WH2014UH[UH_]bbV_]c_ 103

596 ’qR’Hp₄r₆orman₁₄Ho₆H₈rap−₄n₄Hoxα₂₄H₂₄₁orat₄₂Hsαlv₄rHnanopartα₁l₄XtαtanαaHnanotub₄HarrayWH2014UH_UH_Zc]_V_Zc_]45

595 mHbαoVαnspαr₄₂Hαnn₄rVmotαl₄Hp−oto₁atalystH₆αlmfHaHma₈n₄tα₁allyHa₁tuat₄₂Hartα₆α₁αalH₁αlαaHp−oto₁atalystWH
2014UHbUHaaZbV[a 37

594 ’ynt−₄sαsHo₆Hzα’₄[Xr₄₂u₁₄₂H₈rap−₄n₄Hoxα₂₄H₁rystallαn₄Hmat₄rαalsHan₂Ht−₄αrH₄₆₆α₁α₄ntH₄l₄₁tro₁atalytα₁H
a₁tαvαtyHαnH₂y₄Vs₄nsαtαz₄₂HsolarH₁₄llsWH2014UH_UHaY]Z[VaY]Zc 26

593 o₄VX’V₁o₂op₄₂H“α{[X’ul₆onat₄₂H₈rap−₄n₄H₆orHp−oto₁atalytα₁H₂₄₈ra₂atαonHo₆Hor₈anα₁H₂y₄sWH2014UH[UHZ]abaVZ]acY26

592 }−oto₁urr₄ntHs₄n₄ratαonHan₂Hoon₂u₁tαvαtyHR₄laxatαonHαnHR₄₂u₁₄₂Hsrap−₄n₄H{xα₂₄Ho₂YWcaZnYW[a’H
zano₁omposαt₄Han₂HutsH}−oto₁atalytα₁Hm₁tαvαtyWHJournaliofiPhysicaliChemistryiCUH2014UHZZdUH[d[d]V[d[eY 3.8 38

591 qn−an₁₄₂Hp−oto₁atalytα₁H₁apabαlαtyHo₆H’α{[Xo†pHnano₁omposαt₄sWH2014UHZbUHZ 3

590 mHnov₄lH−α₈−Vp−otoa₁tαvαtyHquat₄rnaryHZn’nQ{tRbâ��₈rap−₄n₄H₁omposαt₄H₄volv₄₂H₆romHaH]pH
multαlay₄rHstru₁tur₄HvαaHaH₆a₁αl₄Han₂H₈r₄₄nHprotonVm₄₂αat₄₂Hs₄l₆Vass₄mblyHm₄t−o₂WH2014UH[UHcdY[ 18

589 pr“Hstu₂yHo₆Hanatas₄V₂₄rαv₄₂H“α{[Hnanos−₄₄tsX₈rap−₄n₄H−ybrα₂Hmat₄rαalsWH2014UH[aZUHZ_cZVZ_ce 23

588 }r₄paratαonHo₆HZn’Vsrap−₄n₄X“α{[Hoomposαt₄sHp₄sα₈n₄₂H₆orH“−₄αrHtα₈−H}−otonα₁Hq₆₆₄₁tHan₂H
}−oto₁atalytα₁Hm₁tαvαtyH”n₂₄rH•αsαbl₄Hxα₈−tWH2014UH[[UHb]YVb_[ 12

587
tα₄rar₁−α₁alHass₄mblyHo₆Hnα{olHnanos−₄₄tsHontoHbα₁rystallαn₄H“α{[Hnano₆αb₄rfH₄n−an₁₄₂H
p−oto₁atalytα₁Ha₁tαvαtyHbas₄₂HonHp−otoαn₂u₁₄₂Hαnt₄r₆a₁αalH₁−ar₈₄Htrans₆₄rWHJournaliofiColloidiandi
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