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Due to their special molecular structure, industrial effluents, such as effluents containing
colored compounds, have one or more benzene rings with a resistant structure. This type
of colored compounds is toxic and difficult to decompose. These effluents should be
treated before being discharged into the environment, and thus treating the wastes
containing dyes is one of the major environmental challenges and need to be conducted
using an appropriate approach. In this study, an advanced oxidation method using a non-
metallic carbon-nitride photocatalyst was used to remove the Reactive Blue2l dye.
Carbon-nitride photocatalyst was prepared from urea-formaldehyde resin precursor with
urea to a formaldehyde ratio of 1.25 The structure and properties of the photocatalyst
produced were evaluated and confirmed using SEM, FT-IR, XRD and DRS analyses.
The efficiency of the as-prepared photocatalyst was evaluated according to its capability
for degradation of Reactive Blue21. Finally, to achieve maximum dye removal via the
photocatalytic process, the effective parameters such as solution pH, the dose of the
photocatalyst, and exposure time were optimized according to response surface
methodology (RSM). The results showed that all three parameters are significantly
effective in color removal. However, the effect of decreasing pH and color concentration
was greater than increasing the amount of photocatalyst. Also, under optimal conditions,
the percentage of paint removed was more than 99%. Based on the obtained results, the
carbon nitride photocatalyst synthesized in this research can be used as an ideal cheap
material to remove textile dyes from industrial wastewater.

Cite this article: Shohreh Alidoust, S., Bahramifar, N., & Younesi, H. (2023). Optimizing the removal of Reactive Blue21
using non-metallic carbon nitride photocatalyst by Response Surface Methodology. Journal of Natural
Environment, 76 (1), 1-14. DOI: http//doi.org/10.22059/jne.2022.341918.2428

© The Author(s).
DOI: http//doi.org/10.22059/jne.2022.341918.2428

Publisher: University of Tehran Press.



https://orcid.org/0009-0003-4703-1840
https://orcid.org/0000-0002-4974-0451
https://orcid.org/0000-0003-3664-9525
https://creativecommons.org/licenses/by-nc/2.0/

30 Cannnd G138 31 03liias! b BIUE2L T, S5, i (6 jodines
b Gl (g @ (G - (05

Uiyl G |57 3 0l 100 20 | N Cumrgd s 0 paesd

shohreh.alidoust@modares.ac.ir :asbll, .yl pl «y5 ¢ pydo o i oSl ¢ 5byd pole 5 (anb mlie 04SN () Layzxe 09,5
n.bahramifar@modares.ac.ir :asbll, .l pl (g ¢ pwyte cus s olKuiils ¢ 0l pole g (anb @olio 01l o Laio 095 ¢ Jgfume ol 95 .Y

hunesi@modares.ac.ir :asbbly .ol ! (g ¢ wydo oy ol8ES (b )d pole § (anb @lie 0aSED Wy Lo 05,5 ¥

XS Ao cleyl!
Gl 2ty b S, s g5 ol Jpse sl e (S5, 0L 5 sl slaiclg ol ko oy Ul sl g

Cusl 3 gycnlil Ngdi oo o (Brwds g 0391 (e () SLS I g5 ol ks polie JlSlo L (S50
03laul b &S caulin gy ool a3y Ngad dutual Cannnyj Lausro dy D95 51 b odiad i slacluy oS VNN edl y0 & b
ol il OBl Laal G 3 pre sbotlls 5l (S 0,8 Gl |y o ooy VT ol g o 1 VFV 0/ g 505U &b
oS ity 1S 5 5] o3litol b ath by CygeeslignT i3, 5 BIUE 21 5351, S5y Gl gl adlllae VTV ORI )6
VY0 x5l & 0y o b 25l ol i Ble st J S oS58 olicl gy @

503t DRS 9 XRD FT-IR SEM (sl 5,JU §l o3zl b on5)s5 o618 53 (cla S 5 )lblos 5 g

- 3 . U Hojlaals’
B8 55 15138 3 50 o el (S5 (58 his Bl &y ey e Calgd > 8,5 55 agl 3,50 9 L

= . A = . . . ‘w - d - ,“ ,
Ol s o8 gilwaige (RSM) (xdaws gusly igy b S5y clale 5 CanJblS'gid jlade ¢ Jolowe PH pulas 5y ol

g PH (ials’ b Ll i 330 (S5) Gl 59y (6)bsine pobos 00 48,8 Jlas 3 el dw y0 o 3 wdillo yi0,5) 5 5,
Ml G ) Bl o e bulypd o9 piomen g CundBl 98 Jlade Jll ) it SOy clle Ly a8 Cun Uil
Bolo Sy sy Wl o 3o wl )3 00 S (555 (1) Canlil 28 ¢ Lol ls bl g o>

g 03l xio (laolu 5 ol (lacSsy Bl lp o5y Jlow]

s 0315 630y 1S 538 51 03lizsl | BIUB2L 5581, (S5, s (g jlomings (VF+Y) gy bl s 5 6,36 613 oy £0,805 cunngd e 2 Likun!
DOI: http//doi.org/10.22059/jne.2022.341918.2428

gy © o ol L] s 130



https://creativecommons.org/licenses/by-nc/2.0/

Y hiKas g Cavg e g, 4 okt i30S 6 Ml Corned Uil Ty s0liia] LBIUE] 55T, (K, il g jLetingy

40ddo
CoMs Gy lamo 4y (K5) Sl 5 39y sl Gt e sooa V1 S0l wlio cnyinte J| S (2l lio
SIS SRERE d9d 4Vl a5 wimd o lis Sl sla,lel (Natarajan et al., 2018) 5,8 aalgs wags 1) ol g yls!

Slare (p Sete 5 (Aggadi etal., 2021) $gb o Cann 5 bare 3)lg Gl & ygods g o )15 Wgs 45 > 5l S oy
Cdlad Sl (lie y Basy wgyar (S ol ) i 1 els WS e Sl o b () gl &
b 3,SLos 53 ST E4les 53 g g el s OBjl 5 ol e e ) cd ialS ol clalame
P 8 G | il ) (S SlS ) 36 (Sogl S i a5 ol & Wb g5 e dibaie pusS]
» b, #8ly > (Oveisi et al., 2019; Aggadi et al., 2021) Ko CMSie (pl jop cel 35 b cckle
gy b g O (655 Ll 2 Wlgi oo 5 At odaldio LB O > e (V MO/ s> 3) 08 o (sloclale
o)lse sl by ) 4 039l Ul aselis] &0 4> (Banat et al., 1996; Robinson et al., 2001) ausb 58,56
oL 59,55 6501 St o)) CMSko (G55 30 (smuas s YIS (oS MK ¢y (o] s 65 oo Siilo
dial ple Oygo 2 &S Cub o e e gy0plil (Oveisi et al., 2019) 545 o bles puis 5 Cawgy slaisac 4
Wawrzkiewicz et ) ai salss 5)lg b ylusl 5 00 pdy wiwawsST 30 (6 diblye s () aluS 'y gl ool
.al., 2015; Bilici et al., 2019

Slogyl JI OS5 5 (o995 095 bl o] bl g b Sy (o2 il 12l (S5 SlaS 5 a0
308 5 S0y sl Loluly ol o 1y GluS 5 ol aiiwn Gla ghls Ve B YA NM zgo Jsbo 55L )3 45 gy so jloiay
o5l (REACtIVE) 0Ty Jols b )il cpl 5 Sy ol goito Jh S, plowd sbaylislo )5 (o mmds by
sy 09,5 aw a4 ol e 1) S, Sos (gauawd , J(Asouhidou et al., 2009) wib o WS 5 (sl o5l 60
Hu et al., ) 5,5 i (208 Sl 5 (3l SoS)) Siswll S (551, 5 ] afiions Sl S)) S0
oiVgsS gey JLail )3 (oYL CollE lacS) cpl oo oguno 53l oS 23 95551, (SSS) (e ) 3 (2015
S35 Ly (3bj 2308 (2l glio )3 I penar 55l (2lud SUI (daw slaog)S 5 pdy STy slaog)S (e
e ol BUI g9y 0 )] cui lime 0uS1y S,y camd o 5etee <(Clarke et al., 1980; Belessi et al., 2009)
238 plasl 51 L b S5 1 Aoy o B Ye gds 4 LD dagie l5 se 450 50 Cusl A5 =Ve 3gas 13 bl Copts
Sy ol Blue2l ) 051, slassy 5,8, glgl 51 (S .(Santhy et al., 2006) >4 0 BB 3l (55,5,
CaoH2sCUN9O14Ss S5 (! (JsU50 Jg0,8 25u5 o0 aidlis Lis ,> Reactive Blue 21 (RB21) lse cou Blue2l
S9! e Olewgllid 09,5 <5 Blue 21 5, claailuSs ) .l oais &8l Blue 2155, ,ks o o) IS5 55 sl 0dd cyuns
9 o 098l Cygots ) 3l 09,5 cpl .l V-YA/OYD g/mol 4 JsUse )39 9 034 (@NiONIC phthalocyanine)
(Silveira Neta et al., 2011; Jouali et al., 2019) col £Y0 MM ) -l Gl j3Slas zgo Job iz 1y yu

29450 030kl s g oliensd (S5 (slasbyy dler | iliee (slasi])d Sl ol 5 O Sl oan VTl Gls (4l
Gl 08 baomy JoSUse il 0 S, jleg)S (ol (Hu et al., 2015; Oveisi et al., 2019; Bilici et al., 2019)
5 Sl Glagby) dugds uedy ) & e Jdda ;K03 Bk ) ies polie jldle b (S dils wix b S
Sopd o e, (Wawrzkiewicz et al., 2015; Bilici et al., 2019; Aggadi et al., 2021) w0 4355 (5jl9n o
4 e bl o 01T 15 iyl (3gamme LIS 5 2,087 ugSas ewsl 5 Ggmeal il (Jlb ()5 L Gl o
i 095 45 013 o 5 STt agilly &gl Moy g &) oeie aleg 53 5 w03 JUH 5 b %00 olS b el
dosp ol cpl a8 Wb bk 4 5l aile o (8L adal I uy & gaelr slasleny § OOl dlge a1 )b g8 &
OIS s 538 olewis sla g,y &S cul o3l lis llllas (Richardson, 1983; Zangeneh et al., 2015) 5 s YL
) 2 @35 Span 4 iod anld (b 63k (plrewd dlge b &Sl ogMe | j cditi d8y0 4 (1950 5 035 Cuaid
op 45 4> (Baban et al., 2003; Kurbus et al., 2003; Zangeneh et al., 2015) 395 0 AJg5 ol 3 5 o 3



1FeF o) o lads o yidd 5 0Lidd 0,90 i orod Conns j Lo ¥

(b)

HO;S

\ /
/ \
HO;S SO,NHC¢H,4SO,CH,CH,OH

Blue2l 451, S, Jbslw .Y UG

Ol 5 dhaal S o3ltul 3590 slayby) S K03 Bkl gy wialgss anial BB pgu e sl Alewgds LSy
b gy ol ) 253)5 eod (A caslie ()05 ¢ oliand (sl b9y nlo b gy la by ile taails aial > ()
Zangeneh et al., 2015; Hu et al., 2015; ) Lgi 0 YU oli i b oliolb po Juowilts b bawlgis @l 5 g el
1S 53 ela 28Ty 5] G ] 1S 53 g, aSS) jlog,S gl st ybe oy 5 sloce (Oveisi et al., 2019
B 2 S sty 235 Syp0 Slgiign e Ll 3 VIS5 gl itas Sgn el 5 T syl
(ine 4 i gy nl Vgens g 39 0n odlitel s aiie lgieds dndygs | g 018 10nS] lyieds (g (S ) Ll
(Ray et al., 1998; Shahrezaei et al., 2012) 5,5 o <l 5 2,5 1uSlies 4 oyl bas g JT claos VT JolS i
Wlowsy b (525 5 ol 5 JIo 35 5 B s5bot o s Jocawsd 5 i) 5595555 e clsieas sy o
sl 16l o590 351 sla JSool, adgi g siwe o wiwnw (OVeisi et al., 2019) 395 o3 Mg gy cpl 5> gl
Slagbs) Olsis ©o5 5 s SLS 5 D Gl b5 e 355 35 S ST 008 o 8 sl JouS 5000
wslys sl (Benitez et al., 2000; Konstantinou et al., 2004) Kgi o oayel (AOPS) 4yl ygumslisuns]
oS 55 Jsie 55 S8 355 Jofone 5S4 w1030 5 Slllan e iy oyt | (oS 4 US55
OiSly adgl cdale Jlie )3 Lol b)ls canddBlS 98 5 Soe p alBlon Sl ST gy chale g o> doa (b £
Banat et al., 1996; Naldoni et al., 2011; ) wgb oo CandBlSgid ) JialS col el PH g zgo Jsb wdind
O 36 Elgil B9 o s (St 5 (o315 dwd ¢ 4 Lluyhes Aol dlge b lacunJUlS 423 .(Zangeneh et al., 2015
(523Ul AnST ¢S5 3816 5 cp9iisS 25 4103 s o0 AnST 59y ST gilisd 03] LoanST pilas (93150 ol
Ray et al., 1998; Zangeneh et al., 2014; ) 545 o (00 9 59y Matlgw pguodlS Ll guo) ot gus g (0508 g o] dpuaS]
a8 CaN3Ss (G-CaNa) 2,5 1y o30S 4 e €y (clocuudllS 528 dlas 5| (Oveisi et al., 2019
(Zhang et al., 2015) 3,8 o,Lal xl b 5 Jsiagh 38 i by o5 o35 0315 by (25 Slge o8 s e
2 Olaass lisren Lol cul ol (o)l &Yle > candllS 58 laie 4 odle oo 98T 4> 51wl aidS &S jobo lon
390 538 el 5] e 583 SlaanedS 55 1 (sl Lo > 3f5 wolsl w15 5 iz S il (el 55 A5 o
Zhang et al., ) cusl (9-C3aNa) 81,5 3,5 0)S cs3ld s slocadblS g oy 53p)lSy 5l (SO Wl )5 )8 an g
Ken s ZhU &dllas & 5o B8 55 (oS &) (K5 Sl 5 s Ligo 53 4B )5 &9 Olulllas dlas j1.(2015
93 500 b Jlo i ud ybgy 4 48 g pasilis denSTien jULT JSKi d,.vu ol 3 e AJgr CunJblS 28 5,8 o)Ll (Ve F)
L350 s CandBlS g8 ol 5l ouds ploul Sl= JgbST Jolome j3 o] o (g yoh a0l 8 ol osds Ligd b )b w4
basgs S5y 55 45 amd o L aalllao ol @l 08 ealitl Sy 4 5 Ll g bulyd cod o e 0 S
S ol oy e K00 Bl slols gying 3Sles ¢ Bl 93 pml 4y Cand () dw (T L oad g S 3
Mahmood .S’ o b 5,y &350 3 o) bl 958 cullsd 13 oo slows LEB D9 o0 gd paulid 1uwSlied (soy

1Advanced Oxidation Processes



O hKad 5 Cangs Ao/ sisy b ool S 5l Cencd 15335 jf o0ldin] LBIUERL 4Ty Ky i (s jluvdingy

by 4 sk oo 5, &yjos 5 i yslatods poslis S Tsd sl cyies (Bentonite) s 31 (V1) ly\Sen 5
eSS SOy Bls 0 1) don (it paslic A ed—Cudgin Vi) slacuud &S o LS gl ab edliwl Ul g8
L5 opyS bS8 5 Slas punslSe (wyp g jiiw disej p (V+)R) ol Ken 9 Daneshvar .cul ausly ol b
Sy cos Reactive blacks ) Gis (gly osds g8 candblS 438 5l aalllas opl 55 .00 pbl glaslllas bl S
Sladllas (Y412) o, Sen 5 Abbasi Asl .l 3y csln ¥ (b 15 K0y (60100 A0 Gl el (Sl ol a8 b ool
¢ S0l .ol plsl AQ/ICNT/G-CaNa o jonslS o5 3l onlaiwl b (o paeldsy 5 ol lite (s SSy Slojun CBis dige )
oh plite SO i bl co5 &S0l (LS 305 ol @lls (L8 Do e (6 ylegighy Sl 09y b BaS cpl 5
j ol dadllas jd s Bls o pd AY 5 A Dol Cud S dadd A floj de 0 WY g VO MY/ clale b o peldg) g
G5 pl 50 ol oad edlatwl by S (318 e Bl 98 i (gl Mas edle i S laiedy ASAlle a0 6l 3y
&35 o S o gyl (RSMY) (oxbaws Gusly by 31 45 bl g iS58yl PH ol a5 55 4218

53,5 oslazwl (CCDY)

g 3 uliiig 5
VAPH cos VY Jso Conas b a500lo b Jslono 4y 0)5] il canedUS 528 dig5 (12 350 yid— 55 Comnd S 933 3w
3 dilloyd—0 gl iy ST s G 93,5 bolee aublize ied 59y Cslw ) e 4y diges dsbdl p> Ll adlsl
881 By6S S35 13,8 g0 5 dw 03,5 K A C slod 3 ok Mg oy b o3l B celes YF Sty 361 clod
[(Bednarik et al., 2003) us o3ls )15 80+ 'C (slod j> celos ¥ oty (65,1 il o 55 yhuwad| o g pm
55w So (oS> Sl ST 1 oalital b oad 4 Cund U5 5yl (slo S 200 i Cumnd LS 933 (SLulisd
@5 BES s g S b pbsl (FT-IRY) w58 s 508 (pgale giuscinls o (SEMT) g Ul o,
2algs 3 4 oslizal (UV-Vis -DRS?) (350 i i b slglo (53985 (ool (miascidb s30] 31 5350 < guasno
23S 5 oy 2990 (TGAY) ) (Peiuscyy sl eolitsl b ondjiius a8 5] o )3,
5 eslizwl L Blue 21 5:81, 5y Blo ¢ bS58 o 55 oIS sy slp Blue 21 guiS1y Ky Sdo> ig,y
03,5 LAl 155, & Koy S 5 g Jaboun Ve oM LS 85 ity 6,5 )53 ol 3590 005 g oS 58
530l Y MalS Joloeo grlas &S 550y e 0313 51,8 55381, J515 53 @ly £ UVC oY el 935 3,8 4l 5| e
£33 3 ot 4ol 3 15 03l g amy 1 5 3350 Joloxo 4 (23lgn g e 1285 5 153 68l ke 13 5
S5y cbale oS5y Bls dop dulxe (glp 8,5 go (s b pdiges aldy YEe MA- AV Fe X clalej il
Jsb ;3 Hach DR1900 Jie UV-Vis giwcab olSiws jl ooliwl b Jloj 5y9 o 13 o adlyy (sladiges ) ssile Bl
W3,5 Al V dlayly 1 55 SOy Bls doyd b ot FYY M 240

() e,

CO0 —Ce

R(%) = 100

“Response Surface Methodology
3Central Composite Design

4Scanning Electron Microscopy

SFourier Ransform Infrared Spectroscopy
*UV-Vis Diffuse Reflectance Spectroscopy
"Thermogravimetric Analysis



JFer o) o ylads o yicis g 0lidd 090 o e Cunns j Lo 7

Jwno (51 putio zgbaw g B yiulo;l B3gumme Y Jgu>

C.\muBo.)Bm )
e’ S B S B
Yy Y ¥ 0 5 (A)pH

Wofe S0 A W (B) S, ek
Yoo ¥d 0e £O A (C) canblSs e

o Jgoe PH s bS58 105 33 50 (sl sl 55, (6o i &y ¢yt g 10 galo T plowil g
RSM g, . (g jlwains Design Expert 7.0.0 Trial I3l oy 5 oo gusly (g (wlolp SO, clale 5 cundblSg:d
Fho e A (opmd (§P0sine 2ol 5 20l )b slualian 5 o8] elaios &S sl (3L 9 o)lel (slaby, Sl s gene
39l Gayb 3l 1y Sl slalbad cuol B o yislojl (Shb (ol ond olizwl Js)gSl (gyll bg, 2945 o ool
ohb ams inls 1) isle]l sluws 45 5,05 1y colls ol sSie gy o500 b 5l Sley JBBhs 4 b ile)l gllas
g ok ol o 1 plol (e usly (b, 3l Glassares 25 plsisar (CCDY) (58 0 <8y )b Lol o tuloj]
By Gl el )8 cpl s S ol Glaplesl dlis 4 b e 53 95 ) 1) Jites (sl puite ) dans iy b
inlejl sl 8l sl L .(Bas et al., 2007; behravesh et al., 2020) 54 0 o jon yobds imgh Sl 9 i
<39 ) ks 4 RSM (2, jl oalital b dges (g « S5y Bl e 2 plojon pbots | cilisen (sl el IS (s o0
d90 iyl olojen seba el pay blite Gl (bl pdbar plgie 4k 0gbe e dnje
Collas polie pusd (gl ame )5y CYolee )d Jaiue (glb pusie digy polis alllas oyl 4> (Montgomery et al., 2001)
)9 ply 0 .Cwl FO Y o ) 0l Jold 48T 00,5 (ga0sS maw B j JRee paxie yb oAb odlaiwl dtuuly (sla yuxie
RSM (g, p clados yololy oad sa0aS” sladsly o Jaiwe lb psio pdaw g 0390000 Cuwl Jaiuwe (slb piio Mo
olads Syp K ol )3 &5 gy algs 655 50 blis o Y€ (y9me blis olyamas Y& LS Ll Jols sk .5 sl
Ao 5 o816 85 A Jol) o Loy bl Gialeg] N0 ol (FErkas=Y+) Llofl Vo ol i
Akhbari etal., ) 15 pbol b yzlel clas g 3550, &) b sly 635 o dai ),S5 D 5 (635 yo Ao \ 5 (5y5%0
(ANOVA) Luiblg L3565 5l b ol gewl 9 caliste (sl puiie oo by b)) ¢l (2011; Zinaatiadeh et al., 2011
ol 01 1)) Jgds 3 (CCD) (555 50 S po zyb wloly n ol »1 )b (Behravesh et al., 2020) 1 ool
b cov &S ams e )l 1) (S5 Bl duoyd) diaanly yuiio 51 6 polie (ANOVA) uibyly 5JUT 51 dm a5y Aslae

39 o giog] > (C) canlS 55 e 5 (B) S5, ke (A) PH  Jius (slo i

g3 sadl
2 SEM ol5s 1 e2latal b o aJg8 (6 32— 0308 Cand B 28 Ll ) 56 sd— 00155 Comndd B 0 bl

CandBlS 528 ] yastiio pgual jd &S job lon Cuwl oads o3y i ¥ S jd calises wlido 93 0 SEM yglas i
ol b cwl oads BT SS ) 0ad Algi il g 4y bgs e FT-IR (b .l 039 (gylid b ()b sadadey s
2ol .l V50 B Y-+ CMT 83gamma )3 susie oo (slacKy g TV +CM™? 390 die 039ae )3 e 5,50k (90j]
Sy pPNAs Cusdge @li wloly wcaol oad ooy s ¥ JSS 50 candbllad & bayye WSl g5 (ol (5o3]
b oylen o o3l L5 0 US55 cend Bl g8 4 by o UV-ViS Lds cab o) (13 Y0 = ¥5/+ 27 5 conJblS g

8Central Composite Design



v OIlKad g Cawgd e/ ... 55y & (M pici— (3 o5 (6 78 ik Ceund G155 jf ooliiw! UBlUE2L g5y Ky Sl (g jlwdingy

25 )y Cann 5 938 SEM g gluas .Y S5

e
z

¥F.. \F.. ..

Yf..
(cm‘l) ZTae 208
BNy (115 Comd 8928 FT-IR b ¥ U

Y-

YO

AL

s Sy Comnd 515 558 XRD 5001 £ JSU5

YO NM (A) zge Job 3 0 g5 cannBlS 428 Gl & ] atily Gls 45903 YOO 1 YOO NM 330 ;1 95 0 odnlie 45
83950 )3 yiolesl el oas &l & JSs 50 VYD UIF s b ot 1 connd B g8 TGA s ol .cansl o 8l
B YD olod 83gi0m0 dw ;0 (olbyie cél bt 4 da g b .ol odd plosl 59,55 3l o 58 cos A= 'C YD 'C o

D9 o odnlie £0-C LA gYY-C L Y-+ &¥--C
Lo duslio g RSM 39, SaS 4y Blue2l 451, 5y s (g jlwding gols :BIUE2L a1y K y (i BLS 9i8 o 303
dlwgdy Uy Bls o> Gl psd Ay @l bl ol oads o3y LGS Y Jodo 0 020 ol b odd b iy Bl
Sy clale (A) pH psio dw oy dlaly addllas (] j5 sl 039 2o p> A 1 i U YY/VY GIUV )58 ol 30 canJllS g8



JFer o) o ylads o yicis g 0lidd 090 o e Cunns j Lo A

AR

AR

LY S

NS

AR

-84

- AD
ARALA] AL Yoo

M zse Jsbo
Cand U938 g by po UV-ViS i b .0 JSUS

(7)&55

T T Fen A+ Yows
O Lo
U/F 23 /Y0 Cowd b ol Wy CandU5 98 TGA s gl T IS

el Cuwddy (2555 gl UCCD Juto Apwgds 00wd (oot iy (SBAIS duo yd dmlio s RSM L i lojT (o 1,b .Y Joua
(7)) i Mie  (0p50) Sy Bis/ (C) candblSqds Jude (B) Sy cdale (A)pH bl

»a/ey ARVZSY Yo ¥ A )
- SYI¥- O~ ) ¥ Y
Voo a49/40 o~ VO ¥ Y
Yo/Fy Yo/Ns 50 a- A ¥
/YN av/yA O- 0 Y A
FYIvY FYIVY 50 a- Y 5
YN \ratal Yo a- Y \4
¥¥/ey OYV/AY O~ ) ¥ A
¥o/00 ¥¥/4 Y- ) ¥ a
av/iEy INZAR O~ 0 5 Ve
YOIAY V&IV Yo ¥ Y AR
ov/v¥ INIARS O~ A ¥ VY
¥¥/5y AS[¥¥ O~ ) ¥ W
- INZARY A ) ¥ \\i
¥¥/5y Yolay O~ ) ¥ A
¥¥/5y Ya/YA O~ ) ¥ \te
¥¥/ey ¥ /50 O~ ) ¥ VY
ISVRL AY/-¥ ) ¥ A YA
ARTARY YY/vY Yo a- A AR
AsE M/ <A 50 ¥ Y y-

ozl b o dw yi polde (w0 Judod g 4555 RSM jl eslaiiw] b 5y Bl duo 3 b o C) canJblS 928 Jludo 4 (B)

94 03D Gty Bl 3053 &S0 (LS (qwy p (nl @l b s S 0l (B b 5 DeSIgN-ExXpert 13l e 5 5l



U hlKad 5 Cawgs Lo/ sy &0 5ot i T 5l Cencd 15338 ) ooliins] LBIUERL 4Ty ) i (5 jLuviingy

S5y B w03 fwly ilyyly U 9ol 51 Jols gl ¥ Jgsr
p-value, prob > F  F value Slayo 1Slbe  o3lil dn s Slaye ggeme e fesly

ofeeey DAY YYY/¥Y q £420/24 Model
WY/ A Biis Residual §“
- [RAYY o[- AY v/.¥ ¥ MY Lack of fit ;3)
Y¥/av ¥ LVVALY Pure error \\5'\
Y AR AT Total
S5, Bl Jao yd 38,05 g ,e81 g, bl 3JUT € Jgas
p-value, F Ske 4 Eg050 slas 5 m
Prob>F  Value Slas o &l Slas o >yt e >
e NS NNE/AY NOYA/LY ) VOYA/ Y /A -a/vv A-pH
e N VLAY YYVE/YY ) YYVY/YY /A -\V/ay B-, clale
oeeey YA/YY YYY/00 ) YYV/00 \/YY £1¥a Bl 438 laco
C-
[eYVF MY VAT ) VAT AR -Y/SA AB
SANE Y/v- FY/0A ) FY/0A y/va Y/¥Y AC
<YV /A Ya/VA ) Ya/VA y/va -Y/yY BC
ofee < VVEIAY VOOF/A- \ VOOY/A- A7 MY A2
eV NY/E VFAA/SY ) VFAA/SY -1V v/aa B2
FEARL Y+ /AD YFF/¥D \ VFF/¥O V-5 YI¥A C?

Y gt ) (S5 Bls o) dtanly yuite (sl wibylg 5Ll gl 5l Sialen by yiolos] 5l ool cumdts oyo0 @l b
Mde o Sy clale PH) s puxio jo & 8,50 Oliee s)b ez F dlaly wluly sl ouds &) Ao &gy
D5 o obj) @l cono il Prob>F jlide (SaS 4 s 39d o0y F-ValUES y0lie SoS & (a1 28

(v s,
k k k-1 k
Y'=po+ Zﬁixi + Zﬂiixiz + Z Zﬁijxixj + €
i=1 i=1 i=1 =2

[+ 5l S Prob>F jlade #dly )3 g daled giin (gl dme lime il yiaS P jlide 5 5V F-value jlais 4> ya
i ot R 9 il S RY R o b e oy lisn ol 10,330 35 )3 (i9s)S, 6V 5 3 sine Baind s
Zals s s b ol ddllas Jao lbasl l5ee st lis ol (pl b dyglys +/AFFY 5 /AFAY /AN el s Vo
iyl S 00 (st R? 093 oo walals oyt 351 (gl eyt ol 2.0 3,318 Jao g 1 g 4Bl 3illas RZ
3905 3 Sl 4 lgiee capd ol e SUlie Sy 2l e ela el it Slisly )3 gy Jae
5 YO -OA Jo o) M anslio s (Aghel et al., 2017) 5,5 o)Ll aslllas 5550 Jao b &bl gakas ppolis 5 iy yolio

Adjusted R?
10predicted R?
11 Adeq precision



T o) 0 lowd o i g 0Lidt 090 o ot Conns j rnxo ‘"

Design-Expertd Software Design-Expent® Software
R1
Rt = 100
100 I
727!
3372715 337215
X1=A pH
gl X2=B: dye cons.
X2=C: dose
Actual Factor
Actual Factor C: dose= 5692

B:dye cons. =65.00

Design-Expert® Software

R1

100
337275

X1=B: dye cons.
X2=C: dose

Actual Factor
A pH=4.00

%
B: dye cons. 9000”3500

Sy D liee 1 (7) Comnd U928 i g () S5y cdide (A1) pH 51 IS

O VIEO Tl yuss s 9 54 /05 VT Sl o pd /0¥ Tl psi (o b Gl lad 4y Codle 500 B LS 48T A
sl 039 Y IAL iolojl ol )3 ool Cawndts YPRESS i guwl jo (sl Bl gl candg ,Soly gl ol s
ol 048 5155 ¥ Joda )0 odd A)g8 CanndBlS g8 alewgay BlUe21 4571, ) Gls Juo BB 8 o )5 ) ol ps
slp-value jlude 4 dog b dgd o asuie P-Value g F-value polie & a6 b Joo cpl )0 copd o (39 )b xe
M gize BC AC (sla o Jg 039 I3 dime CF 9 B2 AZ AB (C B A (sl puiiio calllan oyl > Jiuwo (slopuiio o
25U pito 3 ol a5 ol oyl S0l o opl ol odid ofo 00l 1S S5y cdale g PH 4 bgyye P L(P>4/40) 390
Blue2l 451, S5y Bl cas &S (5,158 sladdlie ol oy yils dalllas omw )5y Jlo )l Ky Bls o (6 pSauis
50390 Uy Bl dopd lad dtunly puxie RY0 calasly cpl o ccowl onds odly (L ¥ dlaly )> ccunl 428,518 odlatwl 590
sl Cannd B8 528 jlade Jatume pusiio C o SO cdale Jitue yuxio B PH Jawo o A
(¥ d
Y (R%) = +¥¥/$Y — Q/YYA - VV/AYB + £/¥aC — Y/SAAB + Y/YVAC - ¥/YY BC + A/AYA? + /a4 B2 + Y/¥A C?
S8 & Blue2l 551y ) GBis g9y 0 (C) candblSgid Hlais o (B) ) clale (A)pH 5l (z 9 o )V U5 5o
SISy clale yolio .cwl O B Y 5IPH pxie (gl o a8 )3 jas 10 83050 .l oids &)l onds Wlgi s CaJUS g8
Cawl 04 03l i QY IS (3 &S ooyl ol o 48,5 JLas 13 O MY B YD | CounBIS 28 4luds 52 Mg/l L Y-
Candds ¥ MO/ 5y jlade g PH=Y jd Gls do > (YL &S (g yabdy sl bl (i158] Sy Bl suoyd pH 158l L
5y Bl o yd oy yiadi ol aBl iol33] 55 S5y Bls oy CanBlS g8 Jlade il b s o ¥ USS 5 canl ol
ol 4zl dalS Kgy SOy cdale ()38 L Bls a7 gl gla S bl coles jd .Gl 0340 £ MY Hlads >

12CV%

13Mean

14Standard deviation

15Predicted Residual Error Sum of Squares



WV hiKas g Cango Lo/ sig, w st pii- 305 5 il ConndUlpi8 1 o0lituw] LBIUE2L 45T, i)y i (g jlwding

-
Sl opl ol oad Sl o ags CundBlS 938 1> (b (cladlg) Oygod cuis Bl a5 3 Ui SEM g0l molis
dds bdgame pd &S A odalie e 2d Sy SO FT-IR el o ud sales cunddbl g 5 Slas d9u0 o NN
<9y (O-H) onis Cls JoSUge Ol IN-H w0 iuiS (o) clade 4 Slg5 o S cpl iy )3 YY-eem? g0
08U o515 Jdsas Wl e N-H gy S Al slose a3l bgiye Jos0 (2 (5550300 Sgm piiSeny 5 o
Cowl 05 oamlie VEA B VY e CMT 83ga50 40 5 (oo od> (elacSy il N-H Kg0 JS& s b cymel (glmog,S
5y ool o (Xuetal., 2013; Zhu et al.,, 2017) usb CN sl JShuwg yin  blaiy) (slade 4 basyo Llg5 oo aS
by slaails) Silog,l slapimmn (labo fp (Suiblsl Koy aasuio 1155 0 YO=YH/+ 27 )3 0us sanlie Sy WSS

» ol 2 UV-Vis s b wlely ((Xu et al., 2013; Zhao et al, 2019) sl «+¥ dxas 4 basyo (opilua b
1239.8
!

BV s 005 5w CandBS 533 gl s » Dsleo Lyolusly 045 dunslne <8 5 (5] sl 03L3] 551 P¥D g0 Jobo
g Y/

Wged ;0 3990 Cagby 4 bgsyo ialS pl b osalie Voo 'C s3game b Sl Lials oS oy lis TGA JUT gl
STV C Y ag0e olod Bgaome )3 (5 (il Ao je (ke § (agd sl CandlSTg8 aliasd 9 (S5 Ol 5
Clasgy yiuSs b SooS cla Jsge o8, oo 5l Jdas Wl o Y8+ TC L Yer lod 35 1 559 Ol pais cawl 03l
o )5S sy Wl o 3o YV C B YE slod Bagame )3 59 b Ol peis il lite ;3 1 Wi aiile olewd HlubLU
il 4 g o St ol el IS0l 6 yosly Byemj i 3 ¥ oo C eVl olod Bagize y il )y b Lo
&y ds o o 31 (Samarzija-Jovanovic et al., 2011; Li et al., 2019) 1551 0 3¢90 |y pouls 455 > (coils
(Ahamad et al., 2014) 13L (¢ youly (slotig 5 yinSd j) 3U Wi o 45 ol 0393 $0-°C b 0D+ 3l 13

sl Caasddy canslio Jbo aS5y) ) das 05 plosl RSM by, (S &y BIUE2T 55T, (55, Gl (gjluatags j1 ool b
Sty Jhe 5 (oly e GES) 5] looloil uolie s 93,5 Jols (igmaS) Jgard Awlone I la sty Sl
Jlisl S g5 g0 @m0 S Jloy @i osiladl ke Cuxd i @l 4 a2 b b Jobs o
3l 2l Canl brosilogdl (:Silie GBLLI 55 baosilagdly o lie gjs8 B4 L ¢3gt Jloys scanl Jlo i baotilogdly apilo
Sl o 293 Jdo &S S lgi o dl 0 WS o Curd 0ld dw i Hlde | awlie (uilly dioly b addlles oyl
bl laggeil a5 amd o oLt agialejl (9 (Bolal 0 (s Lo ilol pls] (9 (olal S ity | Lol
S slis Blue2l 481, 5y Gls (g9, w1y, Sy cdale g pH 1 S Gl o Caol 0dgr Cawyd 48 )5 & jouo
Gl adib » pH ials ab saalie a5 jshailed g piio e MY/ L ¥ 51 Sy clale 50U 5l o awypw opl 2pH
Jsloee PH &Sl & a2 5 b 090 o piin S5y Bl a0 > LBL S S5 el i ja 500 Bk |l 0351 50 S,
5 CaundUlS 458 oo g9y Sy Oda p (63b; l Wlgi o 4S5 ppen 35 CandUlS 48 pxlans Jb (5o 2 ealitune y3U S,
5b g e el OHT (clayg o)y oW clo pH (5, Jgloo o5 oK (FOX et al., 1993) sl ausls o] Gls
U ol 1 CundBlS b ol (i) Soul adllae 3590 S5y a5 WSS ol 4 Ao g b g hke Connd B 935 prdans
Caned Ul 528 prdans Silianlg iUl filod a8 duawy doecs cpl 4 ()lg5 oo domi (3 .08 o @80 1) K5 ¢ e b il oy
S e S5y clale 2l L S5 Gy 51 .(SONg et al., 2010) casl i (sl Lailyd 5 Ky s gl ordass
il 1S 28 (S 4y (5 Gl oy oSy clale il b Ylazn] s cpped 4 il oo a3l LS5, Jsloxs 53 95
s 085 03l g8 1yyj oo LS 55 OH™ el IS0l Wsr Yiain! o Jslome 15 53y inldl b siomad sl asdly
Jae o PH 1 (Y JS3) & Lisw y» (Grzechulska et al., 2002) 15,85 Glo ) slo JoSg0 dlwgdy iy ol
5y G doyd il 38 618 28 i LT3l o PH 2l b s bl ol (L5 &5, Bl (g 1 1) 1S 28
o394 331 el Jooly wgi 55 g candblS g @D L 5y 598 5 Jloin] cunilS g8 jluda il b &lg 5> b oanlie
ool dzigy ypolie 1 Syl cCandUS 533 s 1 Lt B3kl 1 (S ol elys Lol sy Linl3dl Wlgh o uunS g yem ol JIS53),



JFer o) o ylads o yicis g 0lidd 090 o e Cunns j Lo A

Ao ol Dga oo () Joloee 10 CanndUlS 918 xaz 9 )9S bl el CanBl 538 s I iy 1581 Sod Byl 1S
» (Matthews, 1987) 545 Joloro ;o S5y Bls Mgy ials el Coles 53 5 0id Joloe 13 y95 2405 @lo Llgi oo jus
ccbale 5 cundblS g oYU oo S Cunl (pl Sl S5y Bl (g9, |y CundblS 928 jlude o Sy clale §1¢ S & iy

ol odlatwl Ky Bl (gl oS Juo ol o) (sl pxio digy polie Colpd ) wdiud (65 Bl dopd gl)b ) eSS
WYL Zp 4 dag b cwl odg FAFY MO/l S clale § ¥F/VY MY cundblSgd Jlide PH VY ol cud pay sl

Dy Ablgs Cams J Sl g8 oy 3 Slas ((9-CaNa) (b5 Wi )8 00 ok Wy €7 clacas oS 550
Bi2M00s AQGsPOs AQ TiO2 b S5 GluS 5 olyeddy el bl S 0 5 op)S ccalisee Slalllas j> S (e
Cawl 428 )5 )18 ool 5y90 ST, caliss glgil Bl cups BIOCI 4 BisO7 BiSbO4 BiSN07 BiVO, BiOBr

Abbasi Asl, et al., 202; Nemiwal, ) 35 0 (81,5 W 5 ()8 U528 3 Slos 2t el GluS 5 ol 5l oolaul
&S cal oy cpl sl amlgs golisl b o] ) buse e @l g W duja coles o Ll (et al., 2021
o3l s les Bls o )d AR 5l i U1y blue2l S5 505 8ole b S5 (9 Gl 108 0uds W5 ayds CanJUlS 528

D)5 9d vy by )558 ylas S Jlas (1S dlas b odd A gl Ul 918 oS 594 o dlpiniin Al ysd o8 Cod Bl 203k
Sy dalgd ol S ye cod |y SOy Bl o yd Coled ) 5 0l CunJllS g8 LS Wb ke ials cely JI8 o)

References

Abbasi Asl, H., Moradi, Z., Ghaedi, M., Sabzeh Maidani, M.M., 2019. Simultaneous removal of
methylene blue and rhodamine B dyes using Ag/CNT/g-C3N4 nanocomposite and measurement by
derivative spectrophotometry. Seventh International Conference on New Findings in Science and
Technology with a focus on science in the service of development 1-7. (In Persian)

Aggadi, S.E., Hourch, A.E., 2021. Removal of Reactive Blue 21 (RB21) Phthalocyanine Dye from
Agueous Solution by Adsorption Process: a Review. Polish Journal of Environmental Studies 30(4),
3425-3432.

Aghel, S., Bahramifar, N., Younesi, H., 2017. Optimizing the Removal of Reactive Yellow 147 Using
Magnetic photocatalyst Fe;O4@SiO.@TiO, by Response Surface Methodology in Central
Composite Design. J Mazandaran University Medical Sciences 27(149), 167-180 (In Persian).

Ahamad, T., Alshehri, S.M., 2014. Thermal degradation and evolved gas analysis: A polymeric blend
of urea formaldehyde (UF) and epoxy (DGEBA) resin. Arabian Journal of Chemistry 7(6), 1140-
1147.

Akhbari, A., Zinatizadeh, A.A., Mohammadi, P., Irandoust, M., Mansouri, Y., 2011. Process modeling
and analysis of biological nutrients removal in an integrated RBC-AS system using response surface
methodology. Chemical Engineering Journal 168(1), 269-79.

Asouhidou, D.D., Triantafyllidis, K.S., Lazaridis, N.K., Matis, K.A., Kim, S.S., Pinnavaia, T.J., 20009.
Sorption of reactive dyes from aqueous solutions by ordered hexagonal and disordered mesoporous
carbons, Microporous and Mesoporous Materials 117(1-2), 257-267.

Baban, A., Yediler, A., Lienert, D., Kemerdere, N., Kettrup, A., 2003. Ozonation of high strength
segregated effluents from a woollen textile dyeing and finishing plant. Dyes and Pigments 58(2), 93-
8.

Banat, I.M., Nigam, P., Singh, D., Marchant, R., 1996. Microbial decolorization of textile-dyecontaining
effluents: a review. Bioresource Technology 58(3), 217-27.

Bas, D., Boyaci, I.H., 2007. Modeling and optimization II: Comparison of estimation capabilities of
response surface methodology with artificial neural networks in a biochemical reaction. Journal of
Food Engineering 78(3), 846-854.

Bednarik, V., Vondruska, M., 2003. Removal of formaldehyde from acrylic acid production wastewater.
Environmental Engineering Science 20(6), 703-707.

Behravesh, S., Mirghaffari, N., Soleimani, M., Alemrajabi, A.A., Davar, F., 2020. Optimization of
photocatalytic performance of the modified zeolite with ZnO nanoparticles for removal of
acetaminophen-codeine from aquatic media using Response Surface Methodology (RSM). Journal
of Natural Environment 74(1), 13-26. (In Persian)



W hKas g Cavgo Lo/ g, @ st piii- 005 5 gl e iS55 1 s0liw] LBIUE] 55T, (K, il 5 jLuvetingy

Belessi, V., Romanos, G., Boukos, N., Lambropoulou, D., Trapalis, C., 2009. Removal of Reactive Red
195 from aqueous solutions by adsorption on the surface of TiO, nanoparticles. Journal of Hazardous
Materials 170(2-3), 836-844.

Benitez, F.J., Beltran-Heredia, J., Acero, J.L., Rubio, F.J., 2000. Contribution of free radicals to
chlorophenols decomposition by several advanced oxidation processes. Chemosphere 41(8), 1271-
1277.

Bilici, Z., Isik, Z., Aktas, Y., Yatmaz, H.C., Dizge, N., 2019. Photocatalytic effect of zinc oxide and
magnetite entrapped calcium alginate beads for azo dye and hexavalent chromium removal from
solutions. Journal of Water Process Engineering 31, 100826.

Clarke, E., Anliker, R., 1980. Organic dyes and pigments. Anthropogenic Compounds pp. 181-215.

Daneshvar, H., Ahmadi, M., Tarighati, A.R., Seyed Dorraji, M.S., Rasoulifard, N.H., Amani-Ghadi,
A.R., 2015. Graphitic Carbon Nitride: Synthesis, Photocatalytic Degradation Mechanisms and
Active Species. The first Seminar on Applied Chemistry in Iran. (In Persian)

Fox, M.A., Dulay, M.T., 1993. Heterogeneous photocatalysis, Chemical Reviews 93(1), 341-357.

Grzechulska, J., Morawski, A.W., 2002. Photocatalytic decomposition of azo-dye acid black 1 in water
over modified titanium dioxide, Applied Catalysis B: Environmental 36(1), 45-51.

Hu, D., Wang, P., Ma, Q., Wang, L., 2016. Preparation of a cellulose-based adsorbent with covalently
attached

hydroxypropyldodecyldimethylammonium groups for the removal of C.l. Reactive Blue 21 dye from
aqueous solution. Desalination and Water Treatment 57(23), 10604.

Jouali, A., Salhi, A., Aguedach, A., Aarfane, A., Ghazzaf, H., Lhadi, E.K., krati, M. El., Tahiri, S., 2019.
Photo-catalytic degradation of methylene blue and reactive blue 21 dyes in dynamic mode using TiO;
particles immobilized on cellulosic fibers. Journal of Photochemistry & Photobiology A: Chemistry
383, 112013.

Konstantinou, I.K., Albanis, T.A., 2004. TiO,-assisted photocatalytic degradation of azo dyes in
aqueous solution: Kkinetic and mechanistic investigations: a review. Applied Catalysis B:
Environmental 49(1), 1-4.

Kurbus, T., Slokar, Y.M., Le Marechal, A.M., Voncina, D.B., 2003. The use of experimental design for
the evaluation of the influence of variables on the H,O,/UV treatment of model textile waste water.
Dyes and Pigments 58(2), 171-178.

Li, X., Gao, Q., Xia, C., Li, J., Zhou, X., 2019. Urea Formaldehyde Resin Resultant Plywood with Rapid
Formaldehyde Release Modified by Tunnel-Structured Sepiolite. Polymers 11(8), 1286.

Mahmood, M.Z., Ismail, S., 2019. Fabrication and optimization of immobilized bentonite and TiO,
photocatalyst in unilayer and bilayer system for the photocatalytic adsorptive removal of methylene
blue dye under UV light. In AIP Conference Proceedings 2124, 1.

Matthews, R.W., 1987. Solar-electric water purification using photocatalytic oxidation with TiO; as a
stationary phase, Solar Energy 38(6), 405-413.

Montgomery, D.C., 2001. Design and analysis of experiments. John Wiley & Sons. Inc., New York
1997, 200-1.

Naldoni, A., Schiboula, A., Bianchi, C.L., Bremner, D.H., 2011. Mineralisation of surfactants using
ultrasound and the advanced fenton process. Water, Air, & Soil Pollution 215(1-4), 487-95.

Natarajan, S., Bajaj, H.C., Tayade, R.J., 2018. Recent advances based on the synergetic effect of
adsorption for removal of dyes from waste water using photocatalytic process. Journal of
Environmental Sciences 65, 201-22.

Nemiwal, M., Zhang, T.C., Kumar, D., 2021. Recent progress in g-C3N4, TiO2 and ZnO based
photocatalysts for dye degradation: Strategies to improve photocatalytic activity. Science of the Total
Environment 767, 144896.

Oveisi, M., Asli, M.A., Mahmoodi, N.M., 2019. Carbon nanotube based metal-organic framework
nanocomposites: Synthesis and their photocatalytic activity for decolorization of colored wastewater.
Inorganica Chimica Acta 487, 169-76.

Ray, A.K., Beenackers, A.A., 1998. Novel photocatalytic reactor for water purification. AIChE Journal
44(2), 477-83.

Richardson, M.L., 1983. Dyes-The Aquatic Environment and the Mess made by Metabolites. Journal of
the Society of Dyers and Colourists 99(7-8), 198-200.



JFer o) o ylads o yicis g 0lidd 090 o e Cunns j Lo "

Robinson, T., McMullan, G., Marchant, R., Nigam, P., 2001. Remediation of dyes in textile effluent: a
critical review on current treatment technologies with a proposed alternative. Bioresource
Technology 77(3), 247-55.

Samarz"ija-Jovanovic, S., Jovanovic, V., Konstantinovic, S., Markovic, G., Marinovic”-Cincovic M.,
2011. Thermal behavior of modified urea—formaldehyde resins. Journal of Thermal Analysis and
Calorimetry 104(3), 1159-1166.

Santhy, K., Selvapathy, P., 2006. Removal of reactive dyes from wastewater by adsorption on coir pith
activated carbon. Bioresource Technology 97, 1329-1336.

song, S., Fan, J., He, Z., Zhan, L., Liu, Z., Chen, J., Xu, X., 2010. Electrochemical degradation of azo
dye CI Reactive Red 195 by anodic oxidation on Ti/SnO,—Sb/PbO; electrodes. Electrochimica Acta
55(11), 3606-3613.

Shahrezaei, F., Mansouri, Y., Zinatizadeh, A.A., Akhbari, A., 2012. Process modeling and kinetic
evaluation of petroleum refinery wastewater treatment in a photocatalytic reactor using TiO-
nanoparticles. Powder Technology 221, 203-12.

Silveira Neta, J.J.Da., Costa Moreira, G., da Silva, C.J., Reis, C., Reis, E.L., 2011. Use of polyurethane
foams for the removal of the Direct Red and Reactive Blue 21 dyes in aqueous medium. Desalination
281, 55-60.

Wang, X., Han. D., Ding, Y., Liu, J., Cai, H., Jia, L., Cheng, X., Wang, J., Fan, X., 2020. A low-cost
and high-yield approach for preparing g-C3N4 with a large specific surface area and enhanced
photocatalytic activity by using formaldehyde-treated melamine. Journal of Alloys and Compounds
845, 156293.

Wawrzkiewicz, M., Wisniewska, M., Gun'ko, V.M., Zarko, V.I., 2015. Adsorptive removal of acid,
reactive and direct dyes from aqueous solutions and wastewater using mixed silica—alumina oxide.
Powder Technology 278, 306-15.

Xu, J., Li, Y., Peng, S., Lub G., Li, S., 2013. Eosin Y-sensitized graphitic carbon nitride fabricated by
heating urea for visible light photocatalytic hydrogen evolution: the effect of the pyrolysis
temperature of urea. Physical Chemistry Chemical Physics 15(20), 7657-7665.

Zangeneh, H., Zinatizadeh, A.A., Feizy, M., 2014. A comparative study on the performance of different
advanced oxidation processes (UV/O3/H;0,) treating linear alkyl benzene (LAB) production plant's
wastewater. Journal of Industrial and Engineering Chemistry 20(4), 1453-61.

Zangeneh, H., Zinatizadeh, A.A., Habibi, M., Akia, M., Isa, M.H., 2015. Photocatalytic oxidation of
organic dyes and pollutants in wastewater using different modified titanium dioxides: A comparative
review. Journal of Industrial and Engineering Chemistry 26, 1-36.

Zhao, X., Zhang, Y., Zhao, X., Wang, X., Zhao, Y., Tan, H., Zhu, H., Ho, W., Sun, H., Li, Y., 2019.
Urea and Melamine Formaldehyde Resin-Derived Tubular g-CsNs with Highly Efficient
Photocatalytic Performance. ACS Applied Materials and Interfaces 11(31), 27934—27943.

Zhang, G., Ni, C,, Liu, L., Zhao, G., Fina, F., Irvine, J.T., 2015. Macro-mesoporous resorcinol-
formaldehyde polymer resins as amorphous metal-free visible light photocatalysts. Journal of
Materials Chemistry A 3(30), 15413-15419.

Zhu, J., Zheng, W., He, B., Zhang, J., Anpo, M., 2004. Characterization of Fe-TiO, photocatalysts
synthesized by hydrothermal method and their photocatalytic reactivity for photodegradation of XRG
dye diluted in water. Journal of Molecular Catalysis A: Chemical 216(1), 35-43.

Zhu, B., Xia, P., Li, Y., Ho, W., Yu, J., 2017. Fabrication and photocatalytic activity enhanced
mechanism of direct Z-scheme g-C3N4/Ag2WO4 photocatalyst. Applied Surface Science 391(B),
175-183.

Zinatizadeh, A.A., Bonakdari, H., Pirsaheb, M., Gharacheh, E., 2011. Response Surface Analysis and
Statistical Modeling of Sulfide Generation from Municipal Wastewater, CLEAN — Soil, Air, Water
39, 444-459,



