Vel N led oo, 3
PR PR W NN S

FF0) Clomis VFF g )
B A IRk sy o gla S0 T bl

4 41 (g5ludngy SNINGSE kw55 Simels s 15555 (659060 556 Sl
&b o P

#Y )

s 40 e
Ol e el SUT oS (5 5 oy (o 03,5 5Ll
Ol G e sdhal 33T ol (515 Aol s ¢ ims (6550 530 oligions 58 6"
mehrizad@iaut.ac.ir :ol5 e J gt ot 55°
QAL VAL VAR SR VIS SR UL 0 V) VAR RPV PP RS VREY)

A

Sl ased S Ol 4 RNB) Cooalsss 1355 a5 Gl s (SNINaS8) ddl s o iyl w5 5 Shas canlllas ol 3
Slhbes gla pize (il S RSM) ey o 55 0 (ialesl (= 1b 5103 S 513 ) 3550 o Jamn (slaatiy VT
SMis 4 RIB Gl Oleily ST ol ool r A% sslizad G5 (56 Oles 5 Jslows PH SNINGS5 5lie RIB o5l k)
Gk ool 3l s (VAR s ol 55 oo i a Lilesl b 5l ol (655 Obeily i Jool ainge Jaol 15 55 AV,
Ly 3 S 315 0L SNINGSE Lo 55 RNB (513505 (6,55 5B1S 5558 b St andllas . o315 b sy pe galgiy Jhe s 5 33
SNINiSs Kot (5555018 555 dlad (dls 53 S o ond TV MINT e s Sl b Ul a3 4 (St Jos 5l S

gi e ooV 6 S 5l gt e Sl 5 5 OS5 Sl Ll el &S el O aile S jlkla 5l 5

St gy o ) (o3B3 8 AnT e elsy il g p sl o5 16T (gl


mailto:mehrizad@iaut.ac.ir

640

SningSs Jaw o5 gw‘:‘” 5)‘9}:]\5\5_93}5 RS

S S il goslicen; slaal
1555 03l ol 3153 ,5 oo oslizal OF 31 sl 55 5l
Ol s 5 g e sl s, Ol W
b s Sl ol Ol e a5 ol o ol O
oy 2,8 e B eslial e 58 gl
b S, 055 53 5 ol QT BERUPIE S
Sl 15, pl Cae 3,5 0 13 01 g5 )l
skl ST ool ol U 4 Sl 5 0L
P R O P TRE T~ RUPIRE PR
L LIl gl 0t s osle Olsie 4 5 350 00
oo d P bL(F0) 555 o o peies Ol o3
3B 1, SlS 5 Sl e s lacal
Ll g hbolel gl o w550
e e LSUSS 5 e gla By, 05SU
Ll s olety bae VT o 03 0 Sl 1
Sl sy 5 Ol b liadl sladil b ool o
Sl s el 550 sl sy e 1S58 s
o Sl e (i s a0 s s 15555 510
o WL sl Sl el Gl s
Ll sdle s (5m0) e s Sl e
Aol p ehse wdily OpldS] gladyl b
S sleod VT s U5 1 4 6555618 553
S sl Oy & o DY s & a5
bl e 3 S a3 s oteS sl o Kl
SLos B Wb s s glaal s
O Ble 5 Bl oy conlie (8351 5
52l Lls e o bl sl oy sl (S Sl
b et S 5 o i — 05, gl Ay

123

dodle
032555 Pl 5 Sl Comex Al
ol Jases Sy la ST sl o iCmis
Sbs e gl Sl (S Olpe 4 S
Ll o Sy e sla Sodl ol (550
iy g ST 5 Ll el e D
05 5o Sl byw Pl ol gladles o iy
clacdlo i el S 13 Oes g
Slag 4 plard slpe 283 5 o 5 LS
(Geiins Sl Slesie Sall 4 e
() el ok b usildl 5 baasl s daailiss,
s BB sV sl Ol e 4 (S5 slaeusy T
Jls o2 558508l S SG Ol ot Ja
by gl gbhos (Soll s oo
s Gllas L3l o e 4 e LS 155 5l e
e S G RLOLr St AL s e
Sl edd sl @S S e sl ol sle
Sl Oa3 a4 s 5 58350 5 sl S, ols s
3 8bee 3 I sbml 4 e G2 bl 515 e
s mleo (V) 5 e gl QLS g
Wligy & dten Ol QBASS e o Sodes
3l ) SlS 5 sl Sl x5 LBl
23 150, slge B pme Ol S o ey L
03 e Jlov 53 5 Yeven 51 Ay alio e
S Ve bl pms Olgee (pl b oS 2550 00
s3de mbo o Sy 2l B pae LIS
350 G155, 3l ge aher S (RhB)\“ﬂ'ﬂ‘-’ﬁ) X\
R N U I mlbe s eslinl
2 Gle S b4 il s cools

' Rhodamine B



FF-0) Sl VEF Sl ol ) ojled N a0

A AL r s o (gl 5o T asliduad

Glp ol Sy 5 b cow ol lad sl
Al ol 5 Slbes sl gaze 25 L5
RSM) "y sl sy & Gilesl >k Sl
S50 5 Al b St (i A oslinud

NGRSO B U S PP

GAS B
sl g0

=S 15 31 (CosHaCl NoOs) ppuals s (51555,
Al g p il Al g s ol 5 oW S
Slallasr G b asle |85kl L (SnIngSs)
OF) W
L %)

S s s Soub s sl il
ML 03508 b (pblite O5on 55 2 055l S
ol o & Coslis PH 5 il LRNB Jgloe 510+ e
Ml A ol (SNINGSs) 550618 51 ioms s
Cole K e 4y S s ol O sl 5
Bk s Al ol Jald U S e sen
W) bl sl o s 5l ealised L s b ¢ e
35 S UV L5 easS Gl il a0 seme (Foo
el 5 0l i g abaie S (VL D3
Ol el Jlade (pre glagley e I ey LS
S R
Kows 5l eslimad L e Ol s
oz dsb sl SO e g8 S
AE s (00Y M) RAB (613555 e 5SLe

Slapwize blize 5 ol JUT 05,551 s g

m K LRIl G il 53 el gl
S s b s auge oS 5 el UL,
seois 2l 4 s b Cl Conal Pl ol
Sheslanal ae 3 (635 Slad  pbaw (s g
o8 SLosE 558 Olse 4 OLS Sl
Al g ool A5Vl eds 518
Skl o b pban 155,08 G (SningSs)
S g g LSl el R S
S der b b W ol (S b ol
ol B S s lesdl las 8 (S e s
A b3 uiaelS (TOIA) (IS 5 0L,
Wl Sl 4SS 5 Al el
L3S i Jle Sy gy 4 |y (rGO/SNINgSs)
sl gad g SICHVI) 050 i 53 0T 5 008 5
ol e ajselS pliaasie L3S cwsn D)
C eSS sk 4 SNINgSg Sl 5 oS 51y Ol
o Si5pelS 5 Lledd 255 IGO0 mhaw (555 5
23 oS 1 o sls 6506 5 8 Clad i
5 YY) Jle s (0Y) sl Ol 5 5l S e
e SIS o5 8 oy R
5365 [yl 53 1, Cr(VI) K 55 5 5,5
B son s So s S 5 CdS/SnIngSe
Yo) S 51 51 QAT 51 iy oS sls s il
o 10) 13555 el plas L5 5 (2 S e
e A s Y Sl s Oles e s (&) g S
s Sas oLl Gl Gass 5l Gaa (VYY) W
L OnInsSe) ddl s pspdol o3 (555508 55 53
JRhB 5, Gds s dile 8 epy bl

! Pingfan
2 Zhang
3 Response surface methodology
so



640

SningSs Jaw o5 gw‘:‘” 5)‘9}:]\5\5_93}5 RS

o2 i (il S fo by Y il o

w2 B P a2 B (e D
ol oile 3L e £ 5 a azaX) i o ilize o
5 (CCD) 'S0 S5 AL gl andlas

e ol L6 iyl s s £33 45 ,p Js
PH 550615 laie RNB o5l clale Julis ¢ Jiews
Sl Olekily) Gl Olgee 23 b Ol ks
53 U pie il o 5 350> 6 A5 e (RNB

RGO IS ab))T(\)J)J\e-

bl (b 53 Lol 2 lau 5 s iz 1)) s
RSM s,

Lﬁﬁ:ﬁ:ﬁ C"hﬂ"ﬁb"m

+o (+Y) 4+ . -\ —a(-Y)

) A 4 i Y [RhB]o (mg LY)
V/0 VYO N VD /0 [Catalyst]o (g L)
Y q v o Y pH

\O» VYo Qo I Yo Time (min)

C&’ugcgl.‘b
Ol Al leang s okl b
Co SNINgSs Lo 5 RAB (615555 (555618 55 38

CFS eSS b el b S o AU
gogd- 4w arg Lus rleu'\ RSM ol (CCD)

s DX7 i3l 5 b (6550008 55 sl il

s b (V) Jsae

! Central composite design
12

RNB G oo 51 53 oy Ol o SIS 36 Jins
sl b S s g anlp by
A oslan

O &S 0 S el s bl b
Lanl n fse Jelse 51 a0y il Ol e
Oy dblee & JS0 & (7o laeaiia
Sl @ ol e bl b Gl s e
S sl b pa 2alS et lesT sl
Gla, St Gl 5 S oyl b ine o bl
S Jal b e 5 ot Ol (S (S5 5 00 18
dox 51l e bl b Glaal s
O 4 Ul e Shlesl (b 8 sl b
“oy R b gl me s 58 oLl plas
Slas gaze 0358 o0 0dsl RSM L] o &5 sl
Siloane 53 & Cul bl slsSS )
U o i3y g0 el oS 355 0 I alaanl
ol de (SO1S lad cals ane 5l (salus
Lol odd el 45 b mlows o3l iy o8
bl Jals b hlesl slas (bl = bl S
Jlie S5 pss a5 050 55 Jdo il 5 &S
S Fely s g, dites 3530 G La, s
5 S e e, Sl ag I b gl cacliae
el s oS i K esils
b ophe G S 4 maly i onl Sl
Slp Glder L S5l s ssd e &) a,
G e ad e e 3 S e eslizad mul gilede
el (V) dasly &y 50

k k k K
Y=ot LAKH L BH + Y i +e V)
i=1 i=1

)



FY-0) Sl NP0V )LC'.' Al &L‘ﬂ Al e)u Al 0,9

S I a5 5 e sla S T aslibas

plomil 153l p 5 sty bl r tla3T Y sl
s slely RhB Gids
R (%) = 70.47 —5.73 [RhB], +

3.74 [Catalyst ], +5.55 pH + ™)
4.88 Time +2.02 Time?

ool Jedos s Sl dbe o 5 2 6l
S A pasie Lo ol el a8 43 aslind
el 33 s ekt slgtn ol
SIS P llie /Y4 1 F i) ol Sl 5
(e/ree

Rl dde Slasl SLol ke 4 ones
(o5 5 220 sl o SOl) siledl,
ookiladl sl w5 (V) JS 53 A apnlons
0 b s (Jle 5 m39) Jrole G5 Ao s3
Lokiladl sl b w355 pome 035 oot
el 0 Gl s 3 g rmn SOl

99
=
95 — j=
.';:: 920 3 = -
S o r
=2 E| ;.B
£
- =] &
3% [ ]
=
-
Z 103 Dh
s a
N | (=}
ii—
T T [
-1.90 -0.83 0.25 1.32 2.39

Internally Studentized Residuals
S hedel s Jbo &35 Sl gewa (V) J_{.ﬂ
RSM

4w LSLAJb)N gRSM .b.w).? o 6\)\ JJ\A Coeo

j&i’)"’ @l;'; a‘ja.hd..ia.,\.i f‘}b QL%U)T(Y)JJ&

oS
(%) Sl ol Slhes sla iyl et
oo e [ g AL B
AT 2 AR R TR YA ¥ 3
OOV OFAY  Fe O A NO A Y
VYA OVYAY  fe 0 AYO ¥ v
SAY SVAY  Se 0 /YO A \
VELAY VAL B 4 VO \ 0
SUAY S Be 4 VD A 5
ADAY  AENe Fe 4 YD \ v
YAVACSIRY, 72 SR N SR VATN A A
VOAY VAT AYe 0 VO \ q
SOOY  FEOV Y D VO A Ve
VAOS  YAFA AYe D A/YD \ 1
SYNe SNV Y 0 AT A VY
ADYO  AY/AA AYe 4 VD \ Y
VEMY O OVEYe AYe 4 VD A Ve
QY/FF AET Y 4 AT \ 0
ARV A4 AYe 4 YD A \$
VARD  AVYS Ae v /e Y %
OF/ Y OF/0  Ar Vv Ve Ve A
SENESVFY  Av V0 s V4
MNY MY A v V0. s \T
O4/FY  OOBY 4 Y Ve s )
AVOY  ADEE Ae Y /e 5 Y
SAVA SAYO YV /e 5 Ty
MM AAY N0V Ve 5 ¥
VARV VAL de v /e 5 Yo
VSV SVAY  de v /e 2 Y5
VY OVIAY 4e vV /e s Ty
VY OVAYA L 4e vV Ve s YA
VAL ZREELYA 2 R SO R VA s vq
A s 2RV N SO R VA s i

1A%



sl 40

SningSs Jaw o5 gw‘:‘” 5)‘9}:.3\5\5}?}5 RS

S 53 g ekd ol Se g GO sl
Ll pRlil edd W55 glae i =05 2 sl
(W)

L RhB Gl glely (=) IS8 @ a5 L
il as il Ol Sde 5 Jloe PH 21531
LSS, Gl obekily Silpl Lol s b e
Sl iSan s 4 Ol o |y Jboe PH lie iyl 531
o s 1S, S ol Sl S
S RhB 135, oS Jm s sls G 553001
ST S B T
a5 S, Gl ole Sl S
22 heSgpdes o LBl el ety
e Sl Gl 4 e oUE gl
53550 SIS mhave 55 2 1T, lad 58050
L dl gl S dlam oo b IG5
Al e Sl Gl oleily 150 slad 5 40
ol 503 Slinios glaasl b g5 Gil5 55 mlo
sy i (mY) S Sl eoman ((1AYA)
Pa s 1 Usmdlse Jilow 8 s
oo S ol ol s SNIngSg
ol Bl Okl L,S e S S b
(2> b Ol e Al L cae> js bl s
gt 53wl Rl 5 e 58 Sl 558 558 o )Ud
(Y 0) b o il s sbaw S I 5

LRNB (5,550 5555 Gl a3 (s3luanes
Syd- a8 sl Ol e 59 b S SNINgSg
clhle Ymg L) wg bl o cms 155, 5IAVN 0.
Oy ke spH=4 55618 VYO gLt RhB 4l

el sde Gl (s MO e il

45 5ls 0L 3w Tyl ph ol g o Sla e

¢A

Gl prze blize Sl 3151 50 (Rl aw) gdn

R (%)
R (%)

ol
4 125
[Rh-BJs mg L") '

.75
w095 [Catalystle (g L)

2 A Slkes sl pine 3 sy sk (Y) S
RhB (s53JL1S 55 5 Ll

LSS, Gl obekily (-Y) S gl

iy el 4Bl Al G, sl sl 51
Vsl 55 0ly 0155 o oy ol Sl oS 56 1
Sy RS gy e 1555, ) Bl
o5 358 Gl 5 ssde Jsleee DS 5 LS
£ oy Cde O w5 4 s ke 03 4 S
clale s Ll b o S2alS 55U mlaw ahs
Jo 4 oS st glaa S S 15, VL
slad s b 508 Jd mhu 04 sl
31 g3sdoe S sam WE AL e SRl 155,
oS 5ok GadKsl, ol oaS aSt slaws S
sld s 5ol slins Sl Ll
(1) IS pollas Cpimean .(00-19) 2L 15,
ol 5B e il 31 L 1 Gl ol
o sn 55ES e Wl s el asly
O o5 4 5 opmse b SlaalSlr sl 2153
e o 61555 Sl S e sl



FF-0) Sl VEF Sl ol ) ojled N a0

A AL r s o (gl 5o T asliduad

& S omss

p el B ()50 5 58 Lllad (God 5o
uw‘b‘j) LS‘J’<") LJJ?- DL (Sn|n488> .«\?dy
sl clle b Sl gla gzl 56 s S
Sl 53 ROM gy a0 ilesl (b L 8
)b,; O J))A Sn|n488 6)}}\3\5}3}3 bJ.{Lo.G
S5 b by Sl T 5 23S
fmgL?) g bl b Cog a8 sl 0L 5 e
pH=14 SnInsSg ;I /Y0 g LT RhB «J,l oLl
SEAVT 51 o (a8 VYO s ol Ol e
bl ol Sl o8 amm opl s Ol 15,
lalae ol sl &l Jdhe Cms 5 233 AST
g 355 = 5 oSV daly al S
wlp & W jaiie mls el p s Sl
ol e b dsl a4l (St Je 51, S
.J&S@ S «/+ ¥V min?t LSJALE
é\;.» oo
I el gl e e 4 Soes o 5
@L:.e
[1] Sharma, V.K., Feng, M., 2019, Water
depollution using metal-organic frameworks-
catalyzed advanced oxidation processes: A
review, Journal of Hazardous Materials, 372, 3.
[2] Aksu, Z., 2005, Application of biosorption
for the removal of organic pollutants: A

review, Process Biochemistry, 40, 997.

[3] Forgacs, E., Cserhéti, T., Oros, G., 2004,

Removal of synthetic dyes from wastewaters: A
review, Environment International, 30, 953.

palae s as wil e VAL S iy Gl Olentl
C3s o)l saST i Sl (6555 5 o2
AL e ol £l Jde S
o 3 s i = eSO (S Joe
St w0z 23 dslle St lads
o508 555 sl b e (Kaal (slagions
e gl Jhe cpl 5l 58 G opl L3 el
S35 55 dulp ke RIB Gl Sz
Lol 55 laghlesl e cpl (sln Al eslizad
4233\ glojesgdoe ;3 RSM ol sleliy aogs
Oyt o= 5 INC/Cr 1 503 oy 51 ol
VAAY il (RY) Sias b (1 IS2) Ol
3 andlas 550 Aol b 65, 5 Sl &S A Jol
b sss fines = 0 eSOV Jl a0 b St Jo

2
15
.0
g 1 ra
¢ ¥
£ .
0.5 y = 0.0469x
) R? = 0.9821
8

0 20 4 g 80 100 120
t (min)

S o5 ol o SningSg L

! Langmuir-Hinshelwood
£9



640

SningSs Jaw o5 gw‘:‘” 5)‘9}.:]\5\5_93_,5 RS

SnInsSg-CdS core-shell heterostructure as a
direct Z-scheme photocatalyst with enhanced
photocatalytic ~ oxidation and  reduction
capabilities, Applied Surface Science, 542,
148618.

[14] Asoubar, S., Mehrizad, A., Behnajady,
M.A., Ramazani, M.E., Gharbani, P., 2023,
Hexavalent ~ chromium  reduction  and
Rhodamine B degradation by visible-light-
driven photocatalyst of stannum indium
sulfide-samarium vanadate, npj Clean Water,
217.

[15] Rajabi, H.R., Khani, O., Shamsipur, M.,
Vatanpour, V., 2013, High-performance pure
and Fe**-ion doped ZnS quantum dots as green
nanophotocatalysts for the removal of
malachite green under UV-light
irradiation, Journal of Hazardous
Materials, 250, 370.

[16] Rajabi, H.R., Farsi, M., 2015, Effect of
transition metal ion doping on the
photocatalytic activity of ZnS quantum dots:
Synthesis, characterization, and application for
dye decolorization, Journal of Molecular
Catalysis A: Chemical, 399, 53.

[17] Zhao, X., Su, S., Wu, G., Li, C., Qin, Z.,
Lou, X., Zhou, J., 2017, Facile synthesis of the
flower-like ternary heterostructure of Ag/ZnO
encapsulating carbon spheres with enhanced
photocatalytic performance, Applied Surface
Science, 406, 254.

[18] Allahveran, S., Mehrizad, A., 2017,
Polyaniline/ZnS nanocomposite as a novel
photocatalyst for removal of Rhodamine 6G
from aqueous media: Optimization of
influential parameters by response surface
methodology and kinetic modeling, Journal of
Molecular Liquids, 225, 339.

[19] Mehrizad, A., Gharbani, P., 2017, Novel
ZnS/carbon  nanofiber  photocatalyst  for
degradation of Rhodamine 6G: Kinetics
tracking of operational parameters and
development of a kinetics
model, Photochemistry and Photobiology, 93,
1178.

[20] Ran, R., Meng, X., Zhang, Z., 2016, Facile
preparation of novel graphene oxide-modified
Ago0/AgsVO./AgVOsz composites with high
photocatalytic activities under visible light
irradiation, Applied Catalysis B:
Environmental, 196, 1.

[4] Lim, L.B.L., Priyantha, N., Fang, X.Y.,
Zaidi, N.M., 2017, Artocarpusodoratissimus
peel as a potential adsorbent in environmental
remediation to remove toxic Rhodamine B dye,
Journal of Materials and Environmental
Science, 8, 494.

[5] Zheng, H., Chen, Y., Sun, X., Zheng, X.,
Zhang, X., Guan, X., 2024, Enhanced
photocatalytic performance and mechanism of
N-deficiently porous g-C3N4 in organic
pollutant degradation, Materials Research
Bulletin, 169, 112510.

[6] Adeyemo, A.A., Adeoye, 1.0., Bello, O.S.,
2017, Adsorption of dyes using different types
of clay: A review. Applied Water Science, 7,
543.

[7] Kasperchik, V.P., Yaskevich, A.L.,
BilI’Dyukevich, A.V., 2012, Wastewater
treatment for removal of dyes by coagulation
and membrane processes, Petroleum
Chemistry, 52, 545.

[8] Kumar, A.N., Reddy, C.N., Mohan, S.V.,
2015, Biomineralization of azo dye bearing
wastewater in periodic discontinuous batch
reactor: Effect of microaerophilic conditions on
treatment efficiency, Bioresource
Technology, 188, 56.

[9] Khan, M.A., Ahmad, A., Umar, K., Nabi,
S.A., 2015, Synthesis, characterization, and
biological applications of nanocomposites for
the removal of heavy metals and
dyes, Industrial & Engineering Chemistry
Research, 54, 76.

[10] Zhang, G., Wu, H., Chen, D., Li, N., Xu,
Q., Li, H., He, J., Lu, J., 2022, A mini-review
on ZnlIn,S4-based photocatalysts for energy and
environmental application, Green Energy &
Environment, 7, 176.

[11] Lei, Z., You, W., Liu, M., Zhou, G.,
Takata, T., Hara, M., Domen, K., Li, C., 2003,
Photocatalytic water reduction under visible
light on a novel ZnIn2S, catalyst synthesized by
hydrothermal method, Chemical
Communications, 17, 2142.

[12] Xu, P., Huang, S., Lv, Y., Chen, Y., Liu,
M., Fan, H., 2018, Surfactant-assisted
hydrothermal  synthesis of rGO/SninsSs
nanosheets and their application in complete
removal of Cr (VI), RSC Advances, 8, 5749.
[13] Zhang, S., Zhang, B., Jiang, Y., Xiao, Y.,
Zhang, W., Xu, H., Yang, X., Liu, Z., Zhang, J.,
2021, In-situ constructing of one-dimensional



Environmental Pollutions and Sustainable Urban Development, Spring 2024, Vol. 1, Issue 1, Serial No. 1, pages 43-51.

“Research article”

Photocatalytic removal of Rhodamine B dye by SninsSs: Optimization of
process by response surface methodology

Ali Mehrizad'?*

1Department of Chemistry, Tabriz Branch, Islamic Azad University, Tabriz, Iran

2Industrial Nanotechnology Research Center, Tabriz Branch, Islamic Azad University, Tabriz, Iran
*Corresponding author: mehrizad@iaut.ac.ir
(Received: 24 May 2024, Accepted: 8 June 2024)

Abstract

In this study, the performance of stannum indium sulfide (Snin,Ss) was evaluated for photocatalytic
degradation of Rhodamine B dye (RhB) as an environmental pollutant. Response surface methodology
(RSM) was utilized to optimize the effective operating variables (initial RhB concentration, SninsSg
amount, solution pH, and irradiation time). Maximum removal efficiency of 81.15% was achieved
under optimum conditions. This predicted result was confirmed experimentally (78.96%). The kinetics
study of photocatalytic RhB removal by SninsSs showed adherence to the pseudo-first-order kinetic
model with a rate constant of 0.047 min™. The outstanding performance of Snin,Ss originated from its
flowerlike hierarchical structure, which enhances light photon absorption, and increases pollutant
adsorption.
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