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Abstract
Background and Purpose: Acidic dyes, such as Acid Orange 7, pose
significant environmental and health risks due to their carcinogenic and
mutagenic properties. These pollutants resist biological degradation, remaining
persistent in conventional wastewater treatments. This study evaluates the
removal of Acid Orange 7 using a combined UV/Alg@Fes;04-ZnO/Os process.
Materials and Methods: A 300 mL laboratory-scale reactor was used with a
UVA lamp and Fes04-ZnO nanoparticles synthesized on alginate. Structural
characteristics of the nanocomposite were analyzed using XRD, VSM, and
FTIR. Catalyst concentration (0.1, 0.2, and 0.5 g/L), pollutant concentration
(200, 200, and 300 mg/L), reaction time (20, 40, and 60 minutes), and pH levels
(3, 7, and 11) were evaluated for their impact on degradation efficiency.
Results: Optimal removal efficiency of 97% was achieved with 0.2 g/L catalyst
concentration, 100 mg/L pollutant concentration, 40 minutes of reaction time,
and a neutral pH. Removal efficiency increased with higher catalyst
concentrations, longer reaction times, and neutral-to-alkaline pH but decreased
with increasing pollutant concentrations.
Conclusion: The UV/Alg@Fes04+-ZnO/Os process effectively degrades Acid
Orange 7 in aqueous solutions, demonstrating high efficiency and potential for
dye wastewater treatment.

Keywords: Acid Orange, Photocatalytic Process, Paramagnetic Nanoparticles

Open Access Policy: This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the
original work is properly cited. To view a copy ofthis licence, visit
https://creativecommons.org/licenses/by/4.0/

4 Citation: Hemmati Farsani S, Rahmani H, Miranzadeh M.B, Hossein Doost Gh,
Atoof F, Rahmani K. The Investigation of the Catalytic Ozonation Process Using
Fe;0:.@Alg-ZnO Paramagnetic Nanoparticles for the Removal of Acid Orange 7 from
Aqueous Solutions. Iranian Journal of Research in Environmental Health. Winter 2025;
10(4):54-71.


https://creativecommons.org/licenses/by/4.0/

1)d gl jea 13 6,95 98 i3l wul ¥ o)l o)
sl lazs 51V 55155 dunsl Bi> 30 FesOs@AIG-ZNO MNPs (s lial s

<!

US>

b)|9.o )l 6)1.“..9 3O 9 00y @‘)UU"J‘“ u‘f‘ 6‘)‘0 LQ&S)) )‘ Ls)L..wJ HUE-RV.3 9 o)
P DS 5 orizee W05 (0 odi) Dlagzge 0 (ST slaiez jop el
Sd> B Jghte slaghy; b g widlise pylie (Soiglom i slavnld Jlie
b slacl 4 (S slodlols vg)5 el gl ilise slagsy, e
Sleslainl b ol sladase 51V 515l sl Bd Gl 5 o 040 oo oolail
sl UV/AIg@Fes0s_Zn0/Os iils ozl 3

)'| Lmquo)i Ialqd‘ 6‘)% W fb;j‘ Lsmlim.al.o)] oobde o axlllas Q_g.l :Lbu':;g) 9 é'g.o
(ZNO) (s30T Shi3gh 5 UVA ¥ il oo ¥oo oz 0 58T, oS,
r Sl eolial ol sab 5 (Fes0s) calacst b soieaS s
oslizel XRD |, VSM | FTIR (slosbl 5 o smalS'sil el s 5o (sl 55
adgl cdale () jo 0,5 /N Y VD) 95U adgl cdale sl el )by 50 a0 8
PH 5 (aads Yoo oo Pe) olad Glog o(id 50 p)Kdo Voe c Yoo Yoo ) ouiVl
Y CadBls clale g bl o Vo5l glausl Bis 003l caallas ol o ilaasdl
ool oy sl el )l 45 5,8 asine s 8,8 Jol> o s AY e 4 PH=Y
clale ).».n|)l.ﬁ 9 p.M A.lan N ).9‘)5‘ M‘ RS oé)'l.) L: pH 5)9}’Jl"ls 4.J5‘ clale 9
D10 WS adal ) sa¥T 4yl

(siils e T he
& sl glxe 5l oan¥T pl Bi> 18 S5 g, S UVIAIG@Fe304_2Zn0O/0O3

anlp gabwsay Vo 5lglacul

il e
eebliial)ly 13536 655515 528 0yl 3 o33l glotms] U031 gunds

oot o§ Cagd iy wop 03l i (Sloz (o Sl tan 13liul <
3 5l sgam )0 6ys5lil5d 505l sl @b eyp S Gl 3
lolasa 51V 550 anal i o FEs04@AIG-ZNO MNPs bl

MA-OF (PN - VE-Y s Lo cudligy o g (sdolilad. ol

Slw) B gon 5L

Cllags owdige (w5 (gemmiils
ol (Sap psle oRisls e
Ol eplals

Sy e

daoe  Cllage gwaige 09,5 *
L;““)‘ p5l.c oK iils ‘wl.\@ oasily
(st 00is 83) . ol s Lals (o Lals”
HS.Rahmani@yahoo.com

03130 ywo ySboosxo

0uSisly lawse wl.\@f (s 05;
olols (S psle olBails ccailagy
olpl olals

0aSisls lawse wl.\@f (s 05;
olols (S pele olSails ccublage
ol eolals

Bolac dobld

«Sigorainl 9 (s Ll S
by pele oRasly cilagy caslasls
Olpl plals lals

Sy h9y85

Eoime chuze Sublagy (pwdige 095
dREH (e @o Mo B
Olrle Sl lhed (S5 psle

VEY[FF il s 5,
VEYI A i b
A.?“‘“ﬁ)" :dlﬁcﬁ}i

(>4
1 >4

[ o cislags 3o b g3y aoliliad

VFeY lions o e (50 )loss (o 0590



[ >4
o

9 )SLM oal)'ol).:.a > ‘5:L¢>) ‘)'UL...: LSSL.J)L") (R

w303 MRl L ey 0,

@l slSul JSusl, e 50 5 suel Lulyb o
hol sla1iSly a5 aad o0 &) (($9S5 slaoss 25)

P L olds bl h )0 .08 e dgazma ) (5l 328 Jgtae
@ bgiye ol sloiaSly crge o Jolons dlgo j5a>
slopsSly  wWaboo JSgyae JB0ol, ady
Cools 5 SVL L Cepe fdoar sy
M-15-1109) oS syon  slalSiol, bl
Loslaytisle ol Josdse ((0F) Wigdoo ools ez 5
Slopinm C=C Glaail oz YU gl anils
aw o )l Ban |y gign e slagmel 5 Jld Sils)]
Yoore oyl el 5 ol Sulidg 25Ul Cannas Judods (VF)
1,3- L SLsg asUl substitution)  sil> 5,k
STy Ssbes ] seail> L dipolar cycloaddition
50 st (ST unilSio 457 09 0 U &5 w0 o6
Slr s G303 OF N0 wes 2, ¥ 5lsl sl X
Q) s (B silo gare YL Ol o 4 Sl
2 Sl g ol e (G505 DM alex |
axd g0 Sl pr Jl g Sl S o
Oledily 9 03l adgs VL age o5 wllioe Gl plod,
wolaidl e 1) ol 5l eolaul WaoasVl sax sl b
Sl 2l s w0 .0 DA wls s
bl @bl (3l 480 4 Bpae b 4 (5595015528
lS 3 ol gdame 51 o1 itz oSl 5 55061
Syear ol pomesslatdl Grzee 5 4l sl Soyl
ool oad ot b i jpliteds comslio by,
P37 PR VR CCYE VR PVON KVONC RPUNE LR B
4 5 bl o (goole d an] 3 andsl Liuls «(g,55 b1 523
2l Hlgi b b g 5l g Sl (Ss Sl o1 Lo
coy ol S 558 Al d aylsd (YY YY) wil e
@Al oy amihme b 5l YL gy
ol o s ol lalae o loan¥T 5l glos 2
YL ase ( blie jo 0bb o s o olge 4 laoasY]
330 UV ¥ lasgs oadidyan (5550l 5 (golords Slge
oY sl plgiee Wty He 5l Al &5 cl 4z g
bl ydos SO 5l (5595060 g8 sl 3 0 20,5 solawl UV
by Sl (St Sl sl 5 CondBlS plgieay

doddlo
oa¥T mlio oy odes j (K Jgore sinio slooluy
I 2l gl Wy leday Cen e
Ygane 5 95800 Cgmnn ;925 10 Al mlio tnjjoses
ool o) mle g9 Gl Slay (ol saanis
GgS opl yo Ky olge 3l eslaiwl Jdoay a5 il e
9y glodlsl ol b wles (V) wib o polio
395 9 QBr ggts S (ol Glasilon jop Sl
Flie ;0 S, pl 5l Gl (V) b vale> lesl
S5,y 397 wblioe polie (Seiglom s slaanl B
Syt 598 9k 5l B 0sd oo Sl DSl aigS il o
Gy S Cel g oad gpSslr o S a
Sl 058 (s slao] o Singid slao] s
3l 50 9 00 2ol Ol Glls LSS, ()l
oy Sldgrge y3 (SLH) slagez j9r s )l
Lo g oladl codle Las jshaie 4 (O-T) 285 oo
o olatdl s Byl slagtsyy Sl xS we
Sy g Gaals 5 5 b sladll ) 5, Gis
wwg J 0 sleysiS o 50 S Sl
S9y5 el jelateas aliZe slo by, albise ke
5 oyl oyse (b glaol 4 (S5 slacodlobs
JeeS 5,000 oo, adgs (A-F) cosl 485 )15 o)
Seos Tl 5 aa,ms o oV LialuS] LUy as
IS oy (8 asle banld ol Lol Slaogas
Sl Glaptnns )0 45 ol 0sinST Jalge 0 Fis 8
ooliiasl S5 5 0aiS sheas Jole olgieds 5L
slgisly  cow I NQRDRY W
oSl eod bl sladsee b e (gelins]
oadug S g e S Jool) jpa> )0 et f
ST eilosds adg bl Lyld o o3 a5l 5L
OlaS 5 b @Bl Sge @ () sladsSge (V) 993 o
OH o 5l o5 Lole (glaog,5 C=C (glavil 55l
5513 S 3O P N o3 5l slagyss! OCHs, CHs,
Jesly b pgelannst Jcnl L
Yaore 45l b puiics (iiSTy ool Bl S g 000

(_gLa:o..\.;.lYT




P gz st Sy 93BT b (oS5 pplas]
Johae U Fez0sg) cofe aibie boanVl
039 % gl S JJos & el oo bliie alas]
pos aloost 6l (2STs sladoe YL S L
Sazme oSy el ladlaiy SY¥gane SES
Gl S8 5l s xSslr wadadys Cliis g lagys 2SI
Giall el dmosinVT moyw gmelinnS| § ceJBlS
9 LR (T V) 35l oo (5,95 928 cdled (et
o Sles o Sigm Bl B> Gl (YY) oK
L9551, S o 1, Fe304/ZNn0 ey jaualS il oo JBlS 48
Aols 13wy 000 wax cwablioe alusy slaws
Ao Gt 1y CajapalS sl 4o 29290 FE oli8len 51 mls
Olyrear (5i8sish bawsd b STg 1 (gt 4y a5
P 2L Gl oS SeS agl sty S
5 ombline g5lolax spm i ,o FE304/ZNO
Oogogllae godumolis «e3dUlS sase oolatwl co Ll
() Gl eSS g 5T B> 0 0l 8

O el (VoY) plea g b Sogsle
oz el Cenilgs bl pge
sols Bi> &l 1, g-C3Na/NiO/ZnO/FesOq
5958 g8 cnl sl B sy 990 Jo5l o]
o 9,5 cu,BS dAlds Ve Sawe Lo |y ean¥T A0/0
b Sy a2l 0 &5 apee SwJllgsl
oo YT ibgys oblys ol Jlad o pnbolineg xSl
Bla 1y ol 50 05250 pdyen 58 Camjné g ,50bg I
Sl 2bjb JB (pueblise [l Sl Gizea g adl o
(¥Y)

el o shaied ba o5 Ul coss (lBl ln
Jyord b mowolnill osd oo solitul il olge
5 a8 el b 6 youbigw « (CeH7O8Na)N oloss
odle (l wgbioe gl obys Glogd Sul> (oo
sladsSdse b )85k Vb (qu s la S Jdoa
S SRy 5 (S M D)3 (39 e f «Sigdy e
S5 a5 990w sbml sl iceslie (S

oo xS ogh o ooliiwl UV 51 calJbls
JSesl, alys il slo STy 1 o sabainSil
S50 Shlojans (ploond Condy WS o0 JeS g y000
w8bos 293 adyl Sl wiiles (2STy e 5l e Sl
ou¥T suiSay o slabile e 5l S (YT-YO)
AVAGPSRVON 1 B e R L SRCIN PNV { B
Gl i el g5, BIE  Fhy el Jgg Sl
O3l 09 o0 0,350 (galiwsas UV aals 51 oo
T il e A IS LIRS NI SE
So3g9ome ;3 uabliseg 2SIl 95 2 Uy sl
oS G RRSe S g S e Sedp 9 b zae Job
Fagl Feo B Ver zoo Job jo andjes 95 WU
aozs 4 hled (59,0081 Oly3gl (VY YF) il o
che (2ol a4 e wilgee Lol (S cal i)l
Lo 5 bl gilolasr pas S el 5 358 olos
@ O3l 5l esliiul a5 wims po Lis by gy S5
SIS Gl el 008 0T olsa L o] o 5 IS
aps OF) ohlea 5 ejspd Ssiee by
ey b esliml L] eellS ol
rp S50 2l Jsl=e 51 ZNO/Oxoneyultrasound
cble gals PH zals L as ol olis gmls aisls 1,8
Sleasly caeuin! (salais U 0,346 590 Lial38l g oo VT adsl
L Sgmesl Gds aoys MY ol o ialiél Bds
cble 3 ZN0O pJ o p 5 e )V cdale o pH=Y
5 olasly (YA) sl cawoay 2 )8 ooV caY]
I G e sy bS58 o 55 (VWAA) ] So
UVIZNO ailys 5l ool b onds (g3lodnss oS
PH ials L as ol oylas zubs ssls JI3 w550
Sl g ouled oy (tal8l ol adyl clile als
b oo il Bas Hleaily creniy] (sadadi B o,346 390
Ve ooVl cdale agy buls 0 B> ssye YEIFD
5ZN0 2 jo )5 N Jlade (PH =0 (2 0 05 Lo
e e el Cewddy adde VAL ules ol
(T 3,5 (o0 Sgm S 42,0 dd (phaiz Jobo 5l o 55

154
<

VFY Gl p)lez o)l (o0 0,90 caore Culilagy ;o (idghy asllad



|24
>

w50 w5 s (oL g 8laese 00l5 |y oy Sl Ll Sl cen

¥ b bl Gl jo p S ke Yoo Fee )l
alhases 30 (990 Lygody UVa (fw) )LMSNS ‘5‘0%.?
85 B S e Yor e g 5)leS iz 1555,
@AIG-ZN0 550655 ol e a0 ¥ 5ljglacal  Jgloxe
285 5 el b cos g e, e FesOs
2SIV ol el el b uled s iz sl

oald 41,8 1e31,35 5l o 5l eolauwl b ceelis

o dle b Setal Jobxa jl oadods (sladiges b
b5l oy9e Jolme PH g aisn; ji 0950 1) oadpens
oeowe 3 NaOHg HaSO4 (+/-V N) ) oolaxul
38 9 361 sles o olKislel o dgmge yio PH olKwo
30 oy diged L O pudas VY LYY go0g00me
<1V e5dBl 5l e slage s Wl a9,
5 Slhgime g adlal jeST) a (d jo 05 o) N0
oS Y cob cdale) oyl g (s FY UVa ¥ L wles
aa 8o £ Fe Ve Sl slaley as )3 18 (celw p
ol da iles] plowl 5l b 4z L o
s s b Jybne 5| S ki b FesOs
oBiwd bawgs V5l glacwl Bz 055L pand (gl Lodiges
RPRRYENCHE K

T S,

o aiges i V3l slacul Bd 035l (et jslaieay
yogidg 1Sl UV-VIS olKims saliwgas ¢ lwoslsl |
Jsb b« (PDAIV303 ADel Jan) 555 Jo & jns
Vo5ilglasu] Bds ool .l (5 S oslail esil FAY zge
GBi> oy R T 0 a8 as acilze ) alal) gillas
50 G o oS o) adgl ke Coo () V35l
ol (i 50 0,5 o) 4556 clale Ce

Cn-C
] =
Co =

RE= O adayl,

Sios amld (XY) 0gd pe colaul &lydgl L8l
AOP 5| saaz oy, o @dly 10 (s, (559561
oals (iiSly pley Sde CandblS (938l b aS” wil oo
b oo ol laaiso Coled 0 5 Jge (g5l Some aidly
el SV plasd 5 sl dsazsa 330l TF)
Gb Y hghaal Gl L i ol sdallas
50 UV/ Fes0u@ Alg _Zn0O/0s e JblS 425 0l b
ol ol sladiges
BLIE1Y)
ooldiw/ 8,50 O/g0
atd Olaes ol plgll o8 00 51 5L 090 5l glasl ST,
OB e S50 51 GayenS] izen Wad ()l
2 oolail olfisle;l jo 0990 NaOH o H2S04

Coned G Slatkiio s’ 9 5 jlwoslo]
VeomL o Fe30s ol,3gb 51 0,5V Ol sas sl
TANEOR- SRR IR S 7 R
o3ls 13 gl gl zlosl Cow asdo Ve Dowdy Jol>
WL bylie 47 53,005 51 ) 55 5 10 o i
Sgwl gl zlael Cow adds Yoo Soed lodow
Sl L e dw gudsi Jyame Ll jo (TV) cd)5)1)8
ol Gl e Voo 30 ojlgd 5 Al sols giiiacd opigd
Sl o Sy g S55l8 )9 b 0uiSTy eddofigs
w0 FTIR 3 XRD VSM L3 5l sasadgs 9501

L858 oy 0590

olojf o,

ol 50 9 958 15gm e 50 (695001 55 slatules]
s olinlel bl sl b plowl alSigles]
A S e 4 VSl Sl el
o dae Lo oS gl Jslona 5 .0 angs () + - - PPIM)



Design-,lisle 5 Lwg o, YV (ialesl ya lp 1SS Sl iolesl slaxs g diges o5l gl «pol> ganlllas (o

VY VR YV B PR C Expert Box-behenken >I,b 3 RSM 35, ;| ladises
598 cowbes loy PH) ole F o285 s o b .o ooliu

Voolaws g Jale o (sl gl Y g (g5l 590 9 oanyY]

o)yl

o0l (635 03Il Jhswmn (G it Z ok 9 Sogi S (SR ) Jeu

14
0

A pH Numeric = Continuous VY- oY +) >\ /. Yo - Y/VY
B Time min | Numeric | Continuous Yeleo Folee N Y. +) > el ARIEE VY04
C Acid orange 7 ppm = Numeric = Continuous Voofeo Yoo AR RRY RIS I SRy A Yoofos #Y/A¥
D Cata g/L | Numeric | Continuous NARER DARER Ve N +) o Y- AT S [oYE-
loaisl
S g V) IS8 gy o el o0l 00)51 FeiDy FesO4@A|g-ZnO‘,b¢m
e o olis |, O-H sss wlsbs,l YTA« 7 cm! XRD

& by 55 YAYIFF emT Sy o end JSas s
025y (g oaimd Hlis aS wsb e C-H s wlals))
CandB 6L i j0 ooy ool AlG JgSge jo )5
Olee 4 ol oo | b Cujd gyally aS Bl ol
wl g 285 Sl s pglae slavisy b ale Jluw S
Gor b oVlgsS (G ) Rln sy S L e
VEFY/-0 CM™T Sy 55 o Wigey o0 & (ol il
(C=01, _COOH _is5 =lsls,) 4 bsyye wilg oo
i ol slo JsSUge | b H-O-H woy Js L
O3l maw biles (5 oasms lis a5 wbl daw oal
Ot Somtly Saled 3 5 S5y 09,5 @ ol
em? b Sy ol wiwy Zn0y ais FelO
S FYeny emt O-H L C=0 1 st \yAVSY
LC_0 4 Ly, VYoVOF M. C=0 |, _COOH;
o O-H 5425 JJs & 1V E75y cm?
AVEDs em™t sls Sy wil e O-H 3 C_O 5 2t

y-YV/AY cm™?

Zn-C & Lg,s MONFY cM™L L Zn-C Wy 5l 06
b oyl 3 ZnOugy 51 a6 Zn-OH

.onj.ao ;«M&S 55 Olales ‘ BT s
(F) e e plas |, FesOy

v em'! Sa e

Sl 6lls 59, annST oS ols Lis XRD (g0 gl
5 owlas] o Hexagonal Juw S g9 5l 9 Jbas S
Rhombohedral .1 Juw S g4 9 oog Seife g
5 o2 b ol Cols a8 wes e olis b S al ol
Iy Jla S 3l s090> b 2N sl 4 ol 65,1,
oo onalie (G V) USE o a5 jebailan oS oo w55
olod oSl s dsei lp XRD (o580l 55
V= AV P0) ojles ] aunST g (s V=sAe—e - VO)
Gl Wlal Sy s oyl e LT s laibil @S L
Zn0 g LB 6 oaims lis a5 wed o oanliv
@AIG-ZN0 oo yiw jbsle o ilp lo ald ool
(YA) oS oo KW I, FesOy

VSM

w03 oo ol [y VSM 5T 51 ol logas (0 1) S0
(vrremu/g ) wablin cools a5 ol olis lages
FeiOy4 ol8 b L awlic ,o . Fe304 @Alg-Zno
() cul ol axlge 1l pals b (3/FA emu/g)
FT-IR

@ by (0 V) JSo 50 FT-IR 56T 51 Jolb> mbs
b a4 bg e d) Jso FesOs @AIg-Zno b

VFY Glaas; prlez o lod (o0 0,90 cdare Cllilags o ioghy aclilad



o

5 8laesws 0ol (o Slom Ul Slu B en

w03 sld Sl w0 0,

= am
¥
1500
1000 —§
o - > 5
1o 2o So =0 so €o 7o
Position [“2Theta) (Gopper (Cu))
Peak Tt ]
. B B N 2 f L .
o ST Zn O
1 1 3 1 1 1
Ci-O87-1165: Fe304a I
1 I M 1 1 1y
[C=))
o.1s5 | -4 o.e
o.10 | 4 °-<¢
=] =
= I =
€ o.0os | o2
5 | =
= -] o-°
E oo s
= ks =
=3 -4 0.2 g
= -o.os |- =
- -4 0.2
-o.10 |
L 4 o.e
_0.15 . . M . . .
-15000 -10000 -5000 o sooo 10000 15000
Applied Field(Oe)
@
102
Vi 742 et
2920.66 cou?
b 1643.05 cm?
™% 50 1424.17 caxt
3380.6 ca?
1027.07 cor?
539.007 cm?
0 - L L
4000 3000 2000 1000 35
wavenumber [cm!]
()
102 -——»--\/__.._
1633.41 cax? o112
10568 co?
34211 car? o
T% S50
0 Y i L
4000 3000 2000 1000

Waveoumber [cox?]

FTIR- Fe304 (s 4 Fes0s@ Alg-ZnO (z VSM (o XRD (A :cand Bl wlasin s ) S5



ool Hles ¥ Jauz 1o Liolej] jo 5l sdelcassas slagawls

(V551531 sl B> 033L) (6 yogids yioms! olfswd Lawgi islo3T ooy TV 55 ¥ 5ilysliml Bio oy (g paFo 3 Y Jgoz

Yy

vf

\id

.
-
.
-

AN

.
-
.
.

VE-Y plias) prlez g0 lads (o0 0,90 o culilagy jo (oo delilad

AN

.
.
.
.

AN

-
-
-
-

AN

No

AN

.
.
.
.

AN

- .
- .
- .
-

.

No

AR

vy

AS

'

£4

vy

AY

YA

AA

vy

q.

ay

Y4

o
—



A
—

w303 9B @D oy p oL 5 Blaesme 0305 e s (Slox Ul (Sl (en

2 . ¢ .
R™ Jhie 3k 5 s8I o wpgm 5 pgd az o (b
Oiln 4 by gloadl @b (Y gu) ol sty
I, Predicted R? s R%:, YU « ags az 0 Jow dasSl

RPN

S A S I Y AR aalG e B LR
L Jie slosie plie ,o “Transformation”
S5l ol @l b 2wl gy BOX-TAX e

calizee Slogl il igups o p3lie b &

b Jow glgl Jojlp g asls ¥ Jgus

Linear <IYYYA
2FI <JOYES YA
Quadratic NN NAndds
Cubic ./+q0F - /Yava

ooy ps Jlade ol s ce 5 canlis OS] ol aS
23l s alalesl Sl geamssles (+/118%) (CV)
(Y+/fAOY) adequate Precision luis .cusl Joo oo
Godgame ;3 5 WS (oo S0l ) g 4 JuSw S
oS ol ol gosimoplis 5wl oo (YL 5 ¥ ) Joud b
Std. Dev.) 55 Jlaecdl izl o5 Jlade .o jls oYU cds Joo
sools sl Sl Jaw a5 el cpl (goaunslis (FIOY)

< [AYYY <JAYYAQ
/NN A\Atsd
+/aY4. +[AFFO Suggested
NLY NP Aliased

Jo il
@l 2D pwyp B g byl bl Joe (33l
el 0392 19595 5 (Joede Bl 5l e &5 was oo la
Gl 5 Joe 45 wms e olis AV R? YL lude
@ ml e et (Swes 003 ol
Jadie 4 (+/2Y44) Adjusted R? Jlade (Soop .04l g2
@b 6yl 5l Joe o el o] Siles (+/aV1) R?
5 (+/A¥s0) predicted R? jlaie sl ool I 55,
cwl <Y 5l S o(+/ava-) Adjusted R-squared laas

ooy bl Jow w3l p s psls Olie fJeus

Mean INZE Adjusted R?2 -/ayq-
CV.% | v\ss | Predicted R? NINE2N
_ - Adeq Precision Y- /fAOY

Glsgre DIV 5ilghanl Ba> 0n3ly  aaly sl yeaie
P- amyo wisbaes Jlogme <V 51 5YL P-value .ujls
S5l Jae amoee plad ¢ feee) 5l aeS laae L value
o e p» YAFe Jlade L F-value .cul s sae )bl

S o WSV 5l glagl B> sl Jae o

O 5y Jeo 030 gllo 9 ANOVA) il sl jJUT
bl Jeligasz sl (0Jsez) ANOVA Ul
Design-Expert J;sls 5 Lwg laojlail opl .os ool
Sore ypbiie 5 el Cusoay (b3 g S, Je gl
Jolb> mbs cwl ad, JI5 @ ¥ 5lglaewl  Bi> oty

9l sxe (5,950 923wyl 3 ol bl Jow aS sl lis



o
=

3

3

b Jo ‘5|)4ANOVA bJgus %
___--_ ;
Model VYEAL/ A VYEYIYY Ya/s- significant 7
A-pH Ya5/vo Ya5/Vo 9y ey j
B-Time V- YO/ V- YOF/SA YEY/EY  <efeen) %
C-Acid Orange7 O FY/ - O FY/- - VYAINS <efeee %
D-Cata DIYIOY BIY/OY VY- ¥ RS k)

- )
Residual DY O £Y/EA P
Lack of Fit FSY/EA £SO /-9 L IVEsE not significant =
Pure Error FE/5Y YY/¢Y _33
3

Cor Total VAYAV/YE :

b el gedgs B Y olas Billao s 8y 2L A5 (D C OB A e st guimes 5 (RD ab

Bix (lie )0 5B ol (g U S 8 s 4 axg BL)| Y alolas el pgd 4 yo cymms Sy Joe S b il o

t/¥aAD + ¥/vaBC + 51ABD -
(V) alal,

Ri= ovisv + ovoA +ya/eaAB - v+ /o-C+#afD—-v/.-AB +v/--AC -
AVACD + s¥AAL - vissB + vis . C2 4 vsvD?

b ¥ gally Oyg0a )V gadaly e o ol e B> L

Ri (Y 5l gl Bis a3l =

g ¥ 5lglanl Bds gl Joe Gon S it lag,
Sl oyles |, UV FesOs@ Alg _Zn0O/0s w1,

e 00U 40 oy YT gl clilé Gl

0dl ¥l 55wl oy sl )5 5 IS 50 Jalse 51 (SO
65k Oglite lhcdile o asle o] ady cdle
M slr S o ol g ey Jb sla i,
ooV 30 adlas cpl o ool Sglie bS50,
S g p S Yoo Yo 0

30 dw 5o Y 5l ga0l

OYTFY + AYOAT YUYAB Y -/6+-C + FIOYD

p-value _.,, s ANOVA STl Jol> mls 4 a>g5 b

58,5 35 il 90 ¥ sdlolas clyd g o y5iSs Copanl o

(7 alad,

D,C B A culY sl Bi> as,o R1 & doles o

CLle 5V gl cle ples PH o ie i ey
5 Ml polie b @bt widbee 95U
polie o QL.:QLoﬂ caLu O &S ol sl ead c e
3)ls 325 ool Ko kel Joo lawgs ool o i
ke S 595 Hloges s oo plid |y Jow Coadee oS

bl w1y ox8ly Jlaae LY az o Jow awgd ool So s



O
—

5 8laesws ool (o Slom Ul Sl B en

w03 sl d Gl ey p 10

LY 5155l agml Bio losily 31 (goms amw lod ¥ JSi
Ol 9 CandBl Ol juuis

S 00U ,opH il
95lllS s b Sleogas » 3L Jsl=e PH
bl b glacyle (ele glaog,S oarYT
2 Mlgiee SHbuly Sl glapiSean 5 (olod
axdllas ol o il A5 51 g5 b1 528 collad o
)‘)5 R 0)5.0 VY Y eYl 6Lh pH )é _ZnO/O3
ol il gl s a Joges ¥ S 5
L oas aese olad 1) wles by 5 PH sloyeie

sl a3l il53 GBi see PH iyl

B: Time (min) A:pH ()
Oyaas Y 51591 ool B> Lol 31 gons dww gles . F S

ok e pH

il 0354 4 polod yloj il

pll g (b Caz mre sl st 5l (S uled ol
Aol el sled 4 GammslapasT anl 3
UVI adblSgd anld oosl » STy oo
Y 5ilshal 5, wu,ss Fes0s@ Alg _ZnOJ/Os

Syg0 a8 Fo Fe Ve slasle; o

(Y JS) il rals Bas Lol

B: Time (min)

C: A.Orange7 (ppm)

100 20

i bV 551591 el B> yloily 31 g dows glos .Y JSCis
ol.oj 9 4.3.‘5| cdale

o 085U 40 19 G Clilé LT
Odg el 95Ul adsl clale U ) jslaien,
OsmlannST wigy « UV/ Fes04@ Alg _Zn0O/03 ol
o 39365 i 5o 0,8 IV g VD ) glackale b
Bl o5l cdale: Gl L Bdo s Slee d9ng 0
YIS 0 595U adsl clale 15U 4 by e gl ol

el 0l 00l ul.m.\

Rl (%)

B: Time (min)



Wl n 551 3ol ol el ogdle bl yq5JblS
581 50 0k D508 oler 4 el B gl pons Cucly
A 40 9 WS (o0 SRS elx Jelme 0 45 oo 5l a5 95
3 9 (ganlllas ;0 (FO-FY) qoo oo jualS |, o 50 leaily
anlp b LY el aml Gas LIS (T41Y) ol S
3 b oS-y Sl S5 b ipal i clyel il
ols las gadod gl Jadsls JI3 pw) 050 |y Sladgu y
055y pleadly 058 yiies HnlbLS ke 4z e oS
logas 5 1L Jsbws PH (59 535 0 Jalo (553
lools o lele (glaog,S 0oV (gplbls b b
SHllg S lapiSony g olord D> (b
5,5hee 0l 38 5 6,565 525 coled e s il e
sl PH & e LB lo PH o 00 53 anT3 5V
Sl 2SI ol 45wl o 5 bl Wil e (g
S5 Jedoas (FV) 21 0925 555061 a5 00tV (s
UV oYL wis Jdows b Lalys o€ 5 hT 315 polie
slaog YL glachle sy 5 9l Ly
5Ty 4 e o B Ll 5 Jolons 55 oS
Gl 5 (OH ST JISsl, adys 390 o500 N7 L
£ I3 ey o5 53k spina 55 i) JsSge estens

@ o) sbdsNge fad 50 st 9 Jo¥se Cnl ap
15 5 Sl g sla IS0l gy LsalS 4 (FAFA) OH"
0 sl bl 0 OH o1 JIo],) adgs (pals axs
3 (YA L 5 o,LeSUl (5 axdllas ;o (AY-0°) 598
355 31 08l b Sl s elS 558 3575
=)o gl Grals Bi> esil « PH nals L (s5,005]
L sladslne 5o g)ls cnl lnj o 48,8 L0 aige PH
COOH 55 5 s)ls I, s lab siSlas cowwl PH
Wk O3 5 3 oin S ESLe )5 Sese
5 65w addlhs gaml (OF) 95,5 0 gigy SlS
b ol Jsbore 5l sl deadeid 5 ngisr <20 50 OSen
i eole; GialiEl b OF) cusls cilhe Sl dalllas
Oz 5 CendblS bwg JenSg 00 gl 00l adss

b Gi S ialydl ek b 28,5 15 )|

B: Time (min)
C: A.Orange7 (ppm)

LY el sewl Bds loadly 31 gums duw glod O STl
adgl cdale g (yloj Ol s

Sleasly woan¥T clale 2153l b s oylsl a5 sbilen
G5l b ey els bl il ials Gis
090 & Gl andl Slapigish 5 55 s5ee Oliee connY]
s s s i 5 olidl pls 4y by g ansly als Jslxe
CadBS (59, lapygigs wid> Lmals del wan¥T ol,d
ol 3 5 S 500 Jleb (sl JISe01, alst e 2lS
sllosl,  izes Sebe @ Ol S
b sl sloisSly o 8,0 4 gy bled JonSg 000
5l 0o YL slacdale 5l Jol> lawly o> &Y game
s VT Cale (253 L as sl oles ilises Slallas o
en 5 Ll (F1) e pals s Lol s
S et Bl g5 5 ol 5 35 (VoY)
Sl a |y a5 ol ZNO/Bi2M0O6 Ly ol ol
956 ke Layl58l b B 5 Shas Sguge (FY) winils,

bog gin UV Glpss Gie cuzes 5 o) Gl

AY
|24

VE-Y Sl pylez (o e (e 050 dame Cudlogy o gl dslilad



AY
O

9 )SLM oal)'ol).:.a > ‘5:L¢>) ‘)'L’Lw LSSL.J)L") (R

w303 MRl L ey 0,

ol el o gsie 5 ole slacules Lo LAE

O Sl (o)l aisS e addllas (pl o @8l ()l
3,105 3929 Gaiod p (sliacl]

5 Olidss cogles Jlo Colom b guios cpl  Jbo colos
ol aS) el Sy pele il (5)5l8
ool plxl (IRRKAUMS.NUHEPM.REC.1397.26
Gk g Sliass Cdgles slo Colem 5l Gbo oo L]
Slely (Sas g pady JloS lals (Sigy pele oSiils

pae Jols IS SIS plos ) Bany s 1 ST llasdo
5o 1y @slwosls g bosls oy o ailE g jLacsl (ool <8y
s a3l olal 45gT 2 iz e iles S ol dllis ()]
Lol b allie s b gl 5 Conl Ko a5 sk b
INCELIPPIS:

oliglesl plnl s gloyli e Sl ipBaiam gl e

5 dlmon JeoSS wooliple Bldwse 5 Slo>) (>
0 y5lie 1engd Cyps Ly Ve ol 0yglicn ¢ allie 5,15
5 3T g el oo sshae anblé woliolej] plovl 5 sale
5 Obel 5 Alie Gualpg s lem) (29,55 silel Jelos

LOlgls S 4 gl

References

1. Shindhal T, Rakholiya P, Varjani S,
Pandey A, Ngo HH, Guo W, et al. A critical
review on advances in the practices and
perspectives for the treatment of dye
industry wastewater. Bioengineered.
2021;12(1):70-87.
https://doi.org/10.1080/21655979.2020.1863
034 PMid:33356799 PMCid:PMC8806354
2. Karri RR, Ravindran G, Dehghani MH.
Chapter 1 - Wastewater-Sources, Toxicity,
and Their Consequences to Human Health.
In: Karri RR, Ravindran G, Dehghani MH,
editors. Soft Computing Techniques in Solid
Waste and Wastewater Management:
Elsevier; 2021. p. 3-33.
https://doi.org/10.1016/B978-0-12-824463-
0.00001-X

I3 IS0, bV gl sl J5Se 3,95 1 Loz
or 2 oL 5 Ggwge 35 WTAY Jlo ps b
e S OB 1 Y b gann] SO, B
u_:.A> Sldlas 4.:[.: » o)‘»u_is w; (5L<2:u5».)5.:l.a Ja.wy
L;ﬂ)lS as oly las =l wS Sl g a5l

(O0) 3,0 it alayl ) qulod Loy L S, B3>

S0il wmlp @bl eyn adlae Gl ol Sae
oblaahl Sl gl a0 ()9l
SV sl glawwl K5, Bis o Fes0s@AIg-ZnO MNPs
chle) gy bl jo anld nl o s o sla sl
oy N eemgL o son¥T adgl cdale o /¥Ygr/L 406l
20,5 Jol> 0,0 AV e 4 (PH=Y w@ids Fo ol
Y o5ilglassl Bds> jo Julge (gdon a5 AT pl Cawgn @
UV/ 5l a5 sas e lias idgh cpl adiws (138 506
wile SLS 5 oy sl FesOu@ Alg _Zn0O/Os
Slr Ao (B Oy Wlgioe 5 Sl gl V3l gla
B9l osliiwl gaio sboley aias

é“"}" ﬁj—l-c ol.i.i'..i‘.) )" Alewu\_’, ~3‘53‘~>)A§ 9 s P

Saravanan A, Senthil Kumar P,

Jeevanantham S, Karishma S, Tajsabreen B,
Yaashikaa PR, et al.  Effective
water/wastewater treatment methodologies
for toxic pollutants removal: Processes and
applications towards sustainable
development. Chemosphere.
2021;280:130595.
https://doi.org/10.1016/j.chemosphere.2021.
130595 PMid:33940449

4. Bhatia SK, Mehariya S, Bhatia RK,
Kumar M, Pugazhendhi A, Awasthi MK, et
al. Wastewater based microalgal biorefinery
for bioenergy production: Progress and
challenges. Science of The Total
Environment. 2021;751:141599.
https://doi.org/10.1016/j.scitotenv.2020.141
599 PMid:32890799



http://journal.rums.ac.ir/article-1-1476-fa.pdf
http://journal.rums.ac.ir/article-1-1476-fa.pdf
http://journal.rums.ac.ir/article-1-1476-fa.pdf
http://journal.rums.ac.ir/article-1-1476-fa.pdf
https://doi.org/10.1080/21655979.2020.1863034
https://doi.org/10.1080/21655979.2020.1863034
https://doi.org/10.1080/21655979.2020.1863034
https://doi.org/10.1016/B978-0-12-824463-0.00001-X
https://doi.org/10.1016/B978-0-12-824463-0.00001-X
https://doi.org/10.1016/B978-0-12-824463-0.00001-X
https://doi.org/10.1016/j.chemosphere.2021.130595
https://doi.org/10.1016/j.chemosphere.2021.130595
https://doi.org/10.1016/j.chemosphere.2021.130595
https://doi.org/10.1016/j.scitotenv.2020.141599
https://doi.org/10.1016/j.scitotenv.2020.141599
https://doi.org/10.1016/j.scitotenv.2020.141599

5. Azanaw A, Birlie B, Teshome B,
Jemberie M. Textile effluent treatment
methods and eco-friendly resolution of
textile wastewater. Case Studies in Chemical
and Environmental Engineering.
2022;6:100230.https://doi.org/10.1016/j.csce
e.2022.100230

6. Mohapatra D, Brar S, Tyagi R,
Surampalli  R. Physico-chemical pre-
treatment and  biotransformation  of
wastewater and wastewater Sludge-Fate of
bisphenol A. Chemosphere. 2010;78(8):923-
41.
https://doi.org/10.1016/j.chemosphere.2009.
12.053 PMid:20083294

7. Shojaei S, Shojaei S. Chapter 23 -
Optimization of Process Conditions in
Wastewater Degradation Process. In: Karri
RR, Ravindran G, Dehghani MH, editors.
Soft Computing Techniques in Solid Waste
and Wastewater Management: Elsevier;
2021. p. 381-92.
https://doi.org/10.1016/B978-0-12-824463-
0.00010-0

8. Bulca O, Palas B, Atalay S, Ers6z G.
Performance investigation of the hybrid
methods of adsorption or catalytic wet air
oxidation subsequent to electrocoagulation
in treatment of real textile wastewater and
kinetic modelling. Journal of Water Process
Engineering. 2021;40:101821.
https://doi.org/10.1016/j.jwpe.2020.101821
9. Arsene D, Musteret CP, Catrinescu C,
Apopei P, Barjoveanu G, Teodosiu C.
Combined oxidation and ultrafiltration
processes for the removal of priority organic
pollutants from wastewaters. Environmental
Engineering &  Management  Journal
(EEMJ). 2011;10(12).
https://doi.org/10.30638/eemj.2011.261

10. Epelle El, Macfarlane A, Cusack M,
Burns A, Okolie JA, Mackay W, et al.
Ozone application in different industries: A
review of recent developments. Chemical
Engineering Journal. 2023;454:140188.

https://doi.org/10.1016/j.cej.2022.140188
PMid:36373160 PMCid:PMC9637394

11. Broséus R, Vincent S, Aboulfadl K,
Daneshvar A, Sauvé S, Barbeau B, et al.
Ozone oxidation of pharmaceuticals,
endocrine disruptors and pesticides during
drinking water treatment. Water research.
2009;43(18):4707-17.
https://doi.org/10.1016/j.watres.2009.07.031
PMid:19695660

12. Joseph CG, Farm YY, Taufig-Yap YH,
Pang CK, Nga JLH, Li Puma G. Ozonation
treatment processes for the remediation of
detergent wastewater: A comprehensive
review. Journal of Environmental Chemical
Engineering. 2021;9(5):106099.
https://doi.org/10.1016/j.jece.2021.106099
13. Sgroi M, Anumol T, Vagliasindi FGA,
Snyder SA, Roccaro P. Comparison of the
new CI2/03/UV process with different
ozone- and UV-based AOPs for wastewater
treatment at pilot scale: Removal of
pharmaceuticals and changes in fluorescing
organic matter. Science of The Total
Environment.
2021;765:142720.https://doi.org/10.1016/j.s
citotenv.2020.142720 PMid:33572038

14. Deborde M, Rabouan S, Duguet J-P,
Legube B. Kinetics of agueous ozone-
induced oxidation of some endocrine
disruptors.  Environmental science &
technology. 2005;39(16):6086-92.
https://doi.org/10.1021/es0501619
PMid:16173567

15. Deborde M, Rabouan S, Mazellier P,
Duguet J-P, Legube B. Oxidation of
bisphenol A by ozone in aqueous solution.
Water research. 2008;42(16):4299-308.
https://doi.org/10.1016/j.watres.2008.07.015
PMid:18752822

16. Przydacz A, Bojanowski J, Albrecht A,
Albrecht L.  Hydroxyl-group-activated
azomethine ylides in organocatalytic H-
bond-assisted 1, 3-dipolar cycloadditions
and beyond. Organic & Biomolecular

Ay
<

VEY lias) prlez (g0 lads cod 0,90 cdame Cllilagy jo kg delilad


https://doi.org/10.1016/j.cscee.2022.100230
https://doi.org/10.1016/j.cscee.2022.100230
https://doi.org/10.1016/j.chemosphere.2009.12.053
https://doi.org/10.1016/j.chemosphere.2009.12.053
https://doi.org/10.1016/j.chemosphere.2009.12.053
https://doi.org/10.1016/B978-0-12-824463-0.00010-0
https://doi.org/10.1016/B978-0-12-824463-0.00010-0
https://doi.org/10.1016/B978-0-12-824463-0.00010-0
https://doi.org/10.1016/j.jwpe.2020.101821
https://doi.org/10.1016/j.jwpe.2020.101821
https://doi.org/10.30638/eemj.2011.261
https://doi.org/10.30638/eemj.2011.261
https://doi.org/10.1016/j.cej.2022.140188
https://doi.org/10.1016/j.cej.2022.140188
https://doi.org/10.1016/j.watres.2009.07.031
https://doi.org/10.1016/j.watres.2009.07.031
https://doi.org/10.1016/j.jece.2021.106099
https://doi.org/10.1016/j.jece.2021.106099
https://doi.org/10.1016/j.scitotenv.2020.142720
https://doi.org/10.1016/j.scitotenv.2020.142720
https://doi.org/10.1021/es0501619
https://doi.org/10.1021/es0501619
https://doi.org/10.1016/j.watres.2008.07.015
https://doi.org/10.1016/j.watres.2008.07.015

A
>

9 )SLM oal)'ol).:.a > ‘5:L¢>) ‘)'UL...: LSSL.J)L") (R

w303 MRl L ey 0,

Chemistry. 2021;19(14):3075-86.
https://doi.org/10.1039/D0OB02380A
PMid:33885562

17. Chen H, Wang J. Degradation and
mineralization of ofloxacin by ozonation
and  peroxone  (O3/H202)  process.
Chemosphere. 2021;269:128775.
https://doi.org/10.1016/j.chemosphere.2020.
128775 PMid:33162160

18. Wang J, Chen H. Catalytic ozonation for
water and wastewater treatment: Recent
advances and perspective. Science of the
Total Environment. 2020;704:135249.
https://doi.org/10.1016/j.scitotenv.2019.135
249 PMid:31837842

19. Xiong X, Wang B, Zhu W, Tian K,
Zhang H. A review on ultrasonic catalytic
microbubbles ozonation processes:
properties, hydroxyl radicals generation
pathway and potential in application.
Catalysts. 2018;9(1):10.
https://doi.org/10.3390/catal9010010

20. Shams Khoramabadi G, Godini H. The
efficiency of advanced oxidation process
UV/H 2 O 2 in remove the antibiotic
ceftriaxone in the aquatic environment.
Lorestan University of Medical Sciences
Journal. 2014;16(1):59.

21. Hayat K, Gondal M, Khaled MM,
Ahmed S. Effect of operational key
parameters on photocatalytic degradation of
phenol using nano nickel oxide synthesized
by sol-gel method. Journal of Molecular
Catalysis A: Chemical. 2011;336(1-2):64-
71.
https://doi.org/10.1016/j.molcata.2010.12.01
1

22. Parastar S, POURESHGH Y, Nasseri S,
Vosoughi M, Golestanifar H, Hemmati S, et
al. Photocatalytic removal of nitrate from
aqueous solutions by ZnO/UV process.
2012.

23. Liu H, Wang C, Wang G. Photocatalytic
advanced oxidation processes for water
treatment: recent advances and perspective.
Chemistry-An Asian Journal.

2020;15(20):3239-53.
https://doi.org/10.1002/asia.202000895PMid
:32860468

24. Khan S, Naushad M, Al-Gheethi A,
Igbal J. Engineered nanoparticles for
removal of pollutants from wastewater:
Current status and future prospects of
nanotechnology for remediation strategies.
Journal of Environmental  Chemical
Engineering. 2021;9(5):106160.
https://doi.org/10.1016/j.jece.2021.106160
25. Domingues E, Fernandes E, Gomes J,
Martins RC. Advanced oxidation processes
perspective regarding swine wastewater
treatment.  Science of The  Total
Environment. 2021;776:145958.
https://doi.org/10.1016/j.scitotenv.2021.145
958

26. Terna AD, Elemike EE, Mbonu JI,
Osafile OE, Ezeani RO. The future of
semiconductors nanoparticles:  Synthesis,
properties and applications. Materials
Science and Engineering: B.
2021;272:115363.https://doi.org/10.1016/].
mseb.2021.115363

27. Sharma M, Sondhi H, Krishna R,
Srivastava SK, Rajput P, Nigam S, et al.
Assessment of GO/ZnO nanocomposite for
solar-assisted photocatalytic degradation of
industrial dye and textile effluent.
Environmental Science and Pollution
Research. 2020;27:32076-87.
https://doi.org/10.1007/s11356-020-08849-3
PMid:32506402

28. Firouzeh N, Malakootian M, Asadzadeh
SN, Khatami M, Makarem Z. Degradation
of ciprofloxacin using
ultrasound/ZnO/oxone process from
aqueous solution-lab-scale analysis and
optimization. BioNanoScience.
2021;11:306-
13.https://doi.org/10.1007/s12668-021-
00838-1

29. Chavoshan S, Khodadadi M, Nasseh N.
Photocatalytic degradation of penicillin G
from simulated wastewater using the



https://doi.org/10.1039/D0OB02380A
https://doi.org/10.1039/D0OB02380A
https://doi.org/10.1016/j.chemosphere.2020.128775
https://doi.org/10.1016/j.chemosphere.2020.128775
https://doi.org/10.1016/j.chemosphere.2020.128775
https://doi.org/10.1016/j.scitotenv.2019.135249
https://doi.org/10.1016/j.scitotenv.2019.135249
https://doi.org/10.1016/j.scitotenv.2019.135249
https://doi.org/10.3390/catal9010010
https://doi.org/10.3390/catal9010010
https://doi.org/10.1016/j.molcata.2010.12.011
https://doi.org/10.1016/j.molcata.2010.12.011
https://doi.org/10.1016/j.molcata.2010.12.011
https://doi.org/10.1002/asia.202000895
https://doi.org/10.1002/asia.202000895
https://doi.org/10.1016/j.jece.2021.106160
https://doi.org/10.1016/j.jece.2021.106160
https://doi.org/10.1016/j.scitotenv.2021.145958
https://doi.org/10.1016/j.scitotenv.2021.145958
https://doi.org/10.1016/j.scitotenv.2021.145958
https://doi.org/10.1016/j.mseb.2021.115363
https://doi.org/10.1016/j.mseb.2021.115363
https://doi.org/10.1007/s11356-020-08849-3
https://doi.org/10.1007/s11356-020-08849-3
https://doi.org/10.1007/s12668-021-00838-1
https://doi.org/10.1007/s12668-021-00838-1

UV/ZnO process: isotherm and Kkinetic
study. Journal of Environmental Health
Science and Engineering. 2020;18:107-17.
https://doi.org/10.1007/s40201-020-00442-7
https://doi.org/10.1007/s40201-020-00465-0
30. Huong PTL, Van Quang N, Huyen NT,
Huong HT, Tuan DA, Tran MT, et al.
Efficiency enhancement of photocatalytic
activity under UV and visible light
irradiation using ZnO/Fe304
heteronanostructures. Solar Energy.
2023;249:712-24.
https://doi.org/10.1016/j.so0lener.2022.12.01
1

31. Fernandez L, Gamallo M, Gonzélez-
Gbémez M, Vazquez-Vazquez C, Rivas J,
Pintado M, et al. Insight into antibiotics
removal: Exploring the photocatalytic
performance of a Fe304/Zn0O
nanocomposite in a novel magnetic
sequential  batch reactor. Journal of
environmental management. 2019;237:595-
608.https://doi.org/10.1016/j.jenvman.2019.
02.089 PMid:30826641

32. Raha S, Ahmaruzzaman M. Enhanced
performance of a novel superparamagnetic
g-C3N4/NiO/ZnO/Fe304 nanohybrid
photocatalyst for removal of esomeprazole:
Effects of reaction parameters, co-existing
substances and water matrices. Chemical
Engineering Journal. 2020;395:1249609.
https://doi.org/10.1016/j.cej.2020.124969
33. Bruchet M, Mendelson NL, Melman A.
Photochemical patterning of ionically cross-
linked hydrogels. Processes. 2013;1(2):153-
66. https://doi.org/10.3390/pr1020153

34. Moussavi G, Mahmoudi M. Degradation
and biodegradability improvement of the
reactive red 198 azo dye using catalytic
ozonation with MgO nanocrystals. Chemical
Engineering Journal. 2009;152(1):1-
7.https://doi.org/10.1016/j.cej.2009.03.014
35. Le-Clech P, Lee E-K, Chen V. Hybrid
photocatalysis/membrane  treatment  for
surface waters containing low
concentrations of natural organic matters.

Water Research. 2006;40(2):323-30.
https://doi.org/10.1016/j.watres.2005.11.011
PMid:16378634

36. Handbook E. Advanced Photochemical
Oxidation Processes. Office of Research and
Development Washington, DC. 1998;20460.
37. Ahmadi M, Rahmani H, Takdastan A,
Jaafarzadeh N, Mostoufi A. A novel
catalytic process for degradation of
bisphenol A from aqueous solutions: a
synergistic effect of nano-Fe304@ Alg-Fe
on O3/H202. Process safety and
environmental protection. 2016;104:413-21.
https://doi.org/10.1016/j.psep.2016.09.008
38. Deepty M, Srinivas C, Kumar ER,
Mohan NK, Prajapat C, Rao TC, et al. XRD,
EDX, FTIR and ESR spectroscopic studies
of co-precipitated Mn-substituted Zn-ferrite
nanoparticles. Ceramics International.
2019;45(6):8037-

44 https://doi.org/10.1016/j.ceramint.2019.0
1.029

39. Sebayang K, Taslima S, Ginting M,
Sebayang P, Bukit N. Cr-DOPED ZnO
Prepared by Solid State Reaction Method.
40. Hamouda RA, Salman AS, Alharbi AA,
Alhasani RH, Elshamy MM. Assessment of
the antigenotoxic effects of alginate and
zno/alginate-nanocomposites extracted from
brown alga Fucus vesiculosus in Mice.
Polymers. 2021;13(21):3839.
https://doi.org/10.3390/polym13213839
PMid:34771394 PMCid:PMC8587912

41. Jahantigh A, Kamani H, Norabadi E,
Bazrafshan E, Sancholi F, Meshkinian A.
Efficiency evaluation of photocatalytic
process using ZnO nano catalyst for removal
of 2, 4, 6-trichlorophenol by response
surface methodology. Journal of Research in
Environmental Health. 2019;5(3):205-16.
42. Chankhanittha T, Nanan S. Visible-light-
driven  photocatalytic ~ degradation  of
ofloxacin (OFL) antibiotic and Rhodamine
B (RhB) dye by solvothermally grown
Zn0O/Bi2Mo06 heterojunction. Journal of
Colloid and Interface Science.

A
)

VFY Slaas; prlez o lod (o0 0,90 cdare Cllilags o ioghy aclilad


https://doi.org/10.1007/s40201-020-00442-7
https://doi.org/10.1007/s40201-020-00442-7
https://doi.org/10.1007/s40201-020-00465-0
https://doi.org/10.1007/s40201-020-00465-0
https://doi.org/10.1016/j.solener.2022.12.011
https://doi.org/10.1016/j.solener.2022.12.011
https://doi.org/10.1016/j.solener.2022.12.011
https://doi.org/10.1016/j.jenvman.2019.02.089
https://doi.org/10.1016/j.jenvman.2019.02.089
https://doi.org/10.1016/j.cej.2020.124969
https://doi.org/10.1016/j.cej.2020.124969
https://doi.org/10.3390/pr1020153
https://doi.org/10.3390/pr1020153
https://doi.org/10.1016/j.cej.2009.03.014
https://doi.org/10.1016/j.watres.2005.11.011
https://doi.org/10.1016/j.watres.2005.11.011
https://doi.org/10.1016/j.psep.2016.09.008
https://doi.org/10.1016/j.psep.2016.09.008
https://doi.org/10.1016/j.ceramint.2019.01.029
https://doi.org/10.1016/j.ceramint.2019.01.029
https://doi.org/10.3390/polym13213839
https://doi.org/10.3390/polym13213839

<

9 )SLM oal)'ol).:.a > ‘5:L¢>) ‘)'UL...: LSSL.J)L") (R

w303 MRl L ey 0,

2021;582:412-27.
https://doi.org/10.1016/j.jcis.2020.08.061
PMid:32866808

43. Farzadkia M, Bazrafshan E, Esrafili A,
Yang J-K, Shirzad-Siboni M. Photocatalytic
degradation  of  Metronidazole  with
illuminated TiO 2 nanoparticles. Journal of
Environmental  Health ~ Science  and
Engineering. 2015;13:1-8.
https://doi.org/10.1186/s40201-015-0194-y
PMid:25908992 PMCid:PMC4407879

44. Kalikeri S, Kamath N, Gadgil DJ, Shetty
Kodialbail V. Visible light-induced
photocatalytic degradation of Reactive Blue-
19 over highly efficient polyaniline-TiO 2
nanocomposite: a comparative study with
solar and UV photocatalysis. Environmental
Science and Pollution Research.
2018;25:3731-

44 https://doi.org/10.1007/s11356-017-
0663-1 PMid:29168135

45. Hansen K, Andersen HR. Energy
effectiveness of direct UV and UV/H202
treatment of estrogenic chemicals in
biologically treated sewage. International
Journal of Photoenergy. 2012;2012.
https://doi.org/10.1155/2012/270320

46. Liu F, Yi P, Wang X, Gao H, Zhang H.
Degradation of Acid Orange 7 by an
ultrasound/ZnO-GAC/persulfate  process.
Separation and Purification
Technology.194(Supplement  C):181-7._
https://doi.org/10.1016/j.seppur.2017.10.072
47. Benhebal H, Chaib M, Salmon T, Geens
J, Leonard A, Lambert SD, et al.
Photocatalytic degradation of phenol and
benzoic acid using zinc oxide powders
prepared by the sol-gel process. Alexandria
Engineering Journal. 2013;52(3):517-23.
https://doi.org/10.1016/j.ae].2013.04.005
48. Kermani M, Kakavandi B, Farzadkia M,
Esrafili A, Jokandan SF, Shahsavani A.
Catalytic ozonation of high concentrations
of catechol over TiO2@ Fe304 magnetic
core-shell ~ nanocatalyst:  Optimization,
toxicity and degradation pathway studies.

Journal of Cleaner Production.
2018;192:597-
607.https://doi.org/10.1016/j.jclepro.2018.04
274

49. Meng F, Ma W, Zong P, Wang R, Wang
L, Duan C, et al. Synthesis of a novel
catalyst based on Fe (Il)/Fe (Ill) oxide and
high alumina coal fly ash for the degradation
of o-methyl phenol. Journal of Cleaner
Production. 2016;133:986-93.
https://doi.org/10.1016/j.jclepro.2016.05.094
50. Zhu M, Wang H, Keller AA, Wang T, Li
F. The effect of humic acid on the
aggregation of titanium dioxide
nanoparticles under different pH and ionic
strengths. Science of the Total Environment.
2014,;487:375-
80.https://doi.org/10.1016/j.scitotenv.2014.0
4.036 PMid:24793841

51. Areerachakul N, Sakulkhaemaruethai S,
Johir M, Kandasamy J, Vigneswaran S.
Photocatalytic  degradation of organic
pollutants from wastewater using aluminium
doped titanium dioxide. Journal of water
process engineering. 2019;27:177-84.
https://doi.org/10.1016/j.jwpe.2018.12.006
52. Tang T, Lu G, Wang W, Wang R,
Huang K, Qiu Z, et al. Photocatalytic
removal of organic phosphate esters by
TiO2: Effect of inorganic ions and humic
acid. Chemosphere. 2018;206:26-32
https://doi.org/10.1016/j.chemosphere.2018.
04.161 PMid:29723749

53. El-Kemary M, EI-Shamy H, EI-
Mehasseb |. Photocatalytic degradation of
ciprofloxacin drug in water using ZnO
nanoparticles. Journal of Luminescence.
2010;130(12):2327-31.
https://doi.org/10.1016/j.jlumin.2010.07.013
54. Asgari E, Sheikhmohammadi A,
Manshouri M, Hashemzadeh B. The
investigation of removal performances of
UVv/zZnO, UV/ZnO/H202 and UV/ZnO/03
processes in the degradation of Butoben and
Phenylmethyl ester from aqueous solution.



https://doi.org/10.1016/j.jcis.2020.08.061
https://doi.org/10.1016/j.jcis.2020.08.061
https://doi.org/10.1186/s40201-015-0194-y
https://doi.org/10.1186/s40201-015-0194-y
https://doi.org/10.1007/s11356-017-0663-1
https://doi.org/10.1007/s11356-017-0663-1
https://doi.org/10.1155/2012/270320
https://doi.org/10.1155/2012/270320
https://doi.org/10.1016/j.seppur.2017.10.072
https://doi.org/10.1016/j.seppur.2017.10.072
https://doi.org/10.1016/j.aej.2013.04.005
https://doi.org/10.1016/j.aej.2013.04.005
https://doi.org/10.1016/j.jclepro.2018.04.274
https://doi.org/10.1016/j.jclepro.2018.04.274
https://doi.org/10.1016/j.jclepro.2016.05.094
https://doi.org/10.1016/j.jclepro.2016.05.094
https://doi.org/10.1016/j.scitotenv.2014.04.036
https://doi.org/10.1016/j.scitotenv.2014.04.036
https://doi.org/10.1016/j.jwpe.2018.12.006
https://doi.org/10.1016/j.jwpe.2018.12.006
https://doi.org/10.1016/j.chemosphere.2018.04.161
https://doi.org/10.1016/j.chemosphere.2018.04.161
https://doi.org/10.1016/j.chemosphere.2018.04.161
https://doi.org/10.1016/j.jlumin.2010.07.013
https://doi.org/10.1016/j.jlumin.2010.07.013

Optik. 2021,228:166208.
https://doi.org/10.1016/j.ijle0.2020.166208.
55. Moussavi SP, Emamjomeh MM,
Ehrampoush MH, Dehvari M, Jamshidi S.
Removal of Acid Orange 7 Dye from
Synthetic Textile Wastewater by Single-
Walled Carbon Nanotubes: Adsorption

Studies, Isotherms and Kinetics. Journal of
Rafsanjan University  of Medical
Sciences.12(11):907-18. (Persian)

<

VFY Slaas; prlez o lod (o0 0,90 cdare Cllilags o ioghy aclilad


https://doi.org/10.1016/j.ijleo.2020.166208
https://doi.org/10.1016/j.ijleo.2020.166208

