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Abstract

This paper is aimed at investigating the photocatalytic activity of Received: 16 June 2024
SnO,/Fe-doped Co304 nanocomposites for the photocatalytic degradation Accepted: 26 September 2024
of basic blue 41 (BB41) dye under visible light irradiation. Considering Page Number: 130-143

the harmful effects of pollutants containing industrial dyes on human
health and the environment, removing these dyes is of great importance.
For this purpose, highly ordered tin dioxide (SnO,) nanotube arrays and
cobalt oxide (Cos04) nanoparticles doped with different amounts of iron
(0, 5, 10 and 15 at.% Fe) were synthesized via the liquid phase deposition
(LPD) and sol-gel processes, respectively. Fe-doped Coz04 nanoparticles
were anchored on the surface of SnO, nanotubes to form heterojunction
nanocomposites. The resulting samples were analyzed using X-ray
diffraction (XRD), field emission scanning electron microscopy (FESEM),
energy dispersive X-ray spectroscopy (EDS), Fourier transform infrared
spectroscopy (FTIR), UV-vis diffuse reflectance spectroscopy (UV-Vis
DRS) and photoluminescence emission (PL) were characterized.
The results showed that the SnO2/10 at.% Fe-doped Co0304 Keywords:
nanocomposite exhibited the highest photocatalytic efficiency with Sn0,/C0304
a reaction rate constant of 0.065 min, which is about 8 and 5.9 times
higher than pristine SnO., nanotubes and Co30s4 nanoparticles,
respectively. This enhanced performance can be attributed to Activit
the improved charge transfer, red-shift in light absorption and effective ] Y,
electron-hole separation resulting from the doping effects of Fe ions in Basic Blue 41 (BB41),
the Co30; lattice and its coupling with SnO nanotubes. Visible Light
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Figure 1. FE-SEM images with corresponding EDX analysis of (a, ¢) SnO, nanotubes, and (b, d) SnO,/Fe-doped Co3;0, nanocomposite.
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Figure 2. (a) XRD patterns of SnO; nanotubes, Co;0, nanoparticles, CS nanocomposites, FCS-1, FCS-2 and FCS-3,
(b) Magnified view of the yellow shaded part in (a).
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Table 1. Structural parameters of pure Co3;O4 nanoparticles and SnO,/Fe-doped Co3;04 nanocomposites.

Crystallite Size (nm
21.9
20.8

Co030,4 36.80

CS 36.80
FCS-1 36.72
FCS-2 36.70
FCS-3 36.66
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Lattice Parameter
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Figure 3. FTIR spectra of SnO; nanotubes, pure and Fe-doped Co3;04 nanoparticles.

1. Makhlouf

(\&8) i 9 290 0 louhs — e ol gy Jlw — Olasl om0 Siaeo A3 pikis

W IFY o — yllas o0lj3obo 5 oy 3=

9> SﬂOz/C0304 Lstmu),.«wls,ab

—~

v Sl o2l s



Ak

W AFY oo = yllas o3l3olo 5 Conwyy 3>

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

9> SﬂOz/C0304 Lngu),MlS

—~

Sl o2l b

5 OS] JB Gl o jais sl 4 ool slayg s o jtals
A yoie 45 WS oSS b sl fels olows iol38l e

D 50 C0304 &l,356 yiien Ul

— Co0;
cs
J — FCS-
— FCS-2
— FCs-3
1.2 — snQ;
S
0
3
c 0.84
@
fe)
2
[}
%)
o
<
0.4
0.0 - r . . .
300 400 500 600 700 800
Wavelength (nm)
(a)
Sno; Co50,
e e
Z Z
= =
1.0 20 30 40 50 1.0 20 30 40 5.0
hu(eV) ho(eV)
(b) (c)
) cs () FCS-1
s s
2 o
= =
1.0 20 30 40 50 10 20 3.0 40 5.0
hu(eV) ho(eV)
(d) (e)
FCS-2
5 5
g o
B 2
Z =
10 20 30 40 50 1.0 20 30 40 50
hu(eV) o (eV)
(U] (9)

Sn0; sladd ¢ 3Ls dudo g3 40 UV-vis DRS d:\b (a) ¥ Jsd
FCS-3 [FCS-2 FCS-1 .CS (slacu j ga0lS §51 L0304 &l 53 93ba
Qun ya (ahy)? 5 abs ga 4o Tauce (sla yla gad (b-g) 9
(hv) 5898 s34
Figure 4. (a) UV-vis DRS spectra of SnO; nanotubes, Co;04
nanoparticles, CS, FCS-1 FCS-2, FCS-3 nanocomposites and

(b-g) corresponding Tauc Curves of (¢hv)® versus
photon energy (hv).

)36 SN0z slaadglgil (50 —rdnl b 639a Sk b
30 ool Lsoa 5090 SN02/C0304 59,015 45 9 C0304
Sl yalls SN0z slaadgleil . cwlonioslolis (@-(F)) S
Ol 8 Aol 0 el SYAL-YA sga >0 ) Sd >
et iz Wb g0 (alls Co304 &l 345l (ly ams ooylid
abodslice yogl YW e-Ae e g ogil FA-F0. slazge Jsb,o
(025C0™) 4 (02—>Co0"?) ;16 4 Wl ,b Jsl anl b 4 a5
oix sla goie [Y0log—s soslsca s C030a izl yo
Slaie saupsylas FCS-3 4 FCS-2 FCS-1 CS slacyja.0lSsil
a5 el 45 ol Lals SN02 Lawlins 503 olrals oS
595 wdz 1 a] Leaiogs C0304 L SOz (yo_icdi> a5
Sialidl 5l Sl a5 50385 e p5h S ye Al Coomdy oibos 1S
Jlo o0 sl (S pe ye o i (Sl BS 5398 oled
dlaly and > g5l oud i dlgo (Eg) (5,65 Wil GG sl sl

LY A g8 o pmss (V) dolao jloslizull 4 Tauc

(chv)" =A(hv-Eg) )

35k 65,5 By «ul A 9998 551V Qi o pia ol 0 a8
Juist ¢l ”=% 9 o peiioae oo JUEST 61 MY 5 oS
A5 17 3l i i) el Sl s
JUis! 85l Lasiitns soiangs slocacdlS 5358 ans copylis
Ly (B-0-(F)) Lo S ;5 a5 sbslan ilosls 1 Saig 2SI
b el s n L bassed (5)lss SIS (65 5 e
S8y (@h0)?=0 [0 (hv) g 4 (@MV)? jg e Lo ,logas
g s, SINPIOR laio TAUC clologas 51 mas o Jlio olsieas
90 €030 &l )36 (gl .0 glcmwsa SN0z slaalgJoils ol o 1,
oyl arbgs e oy 0ye,nSIYIVY o VIOF o wily GISS (5]
Eg yolie a5 il o s o eomiz s -adosls olazsl L Ul
s yiay FCS-3 4 FCS-2 FCS-1 CS (slacuy ;50556 (6l
Uigai 655 b BISE 055 ey 059,550 VAY 5 YIAA &+ Y-8
LS SN0z (glaaldglsils 3 1aS ety oyg 2SIl + 1Y 590 CS
G958l a8 anl Clly l o ol (e s (el
Ol LSl il 53 1) (08 (65— zolaw L0304
Bt o o] plesl o pema,s S sopelass SNI02/C030s

I, SN02/C030s e 5505 55 Eg gy jo—34, C0304 L

Iranian Chemical Engineering Journal — Vol. 24 - No. 140 (2025)



romb 5l SLeaS sl 1) Sal oy yieS FCS-2 5 50elS il
ol So eaany cnl el 0 i 109 2SIl Cdz (oS 3k E 5
35102 slaadylyilb ot 1y 1y L kil b sl el sl 5
So lgeas |y ol 5 aas copylis ool Leaisgs C030s il 345l

—_ SHO2
—CS
— FCS-1

— FCS-2

PL Intensity (a.u.)

450 500 550 600

Wavelength (nm)

400

350 650

9SN0; ladd gl g3 dado g3 o puiluaiine sl g3 98 (SLA Sualo & JSul
FCS-3 g FCS-2 (FCS-1 €S (slacas ) gaols 930

Figure 5. Photoluminescence spectra of SnO, nanotubes and CS,
FCS-1, FCS-2 and FCS-3 nanocomposites.

P ol &l ) a7 98 555 5l ool i Y-F
SN0z sloaised dost F1 (o] Bl ) (Ul 558 o 50
L i oi ;| FCS-3 4 FCS-2 . FCS-1 .CS (C03s04
(egils PVY jo iz 5l oa b wlxe) S5, clale ol , s
@) 5= 5o aged 1o sl U Ol sl Olssa
5 Syl 5ys0 45 il sisd plsr b eslondosls s
6 oS i ’S_s) Bl aS ol (GBS Slge j> 50
oS ildl 4 ol s |y i Sl o 5 Casloslaig
Ohalesl iz St (rh Dl wnl b g (e Jld
55 e 55 5 bl e BIS 4555 g Bl 553
S 45 o Lis i (lgigd) S ,95 Sl o 1) (g5l
Lo ialo)] mls wil K, neb Gadgmesys uoa ol
5SN02 S5 ol )35l slatigas a5 ol o] 5l Sl Ul 535

= AL 55,58 leasly oo FO ¢ T Leis s 54 Co30s

—or Sl ool Gulnieglgisd i i b
e 5 Syrlas s il Ol glael> cobilaloay Lo,
Bl jaos 1y 40 0,0/ oy iUl Gt gy y—igo S 0
oilniaggish ;i slaca b [Yalog s o ea =35 154,
(®) JS—& ;0 FCS-3 4 FCS-2 FCS-1 «CS Sn02 sl od sgai
sl S SN0z slaalslil el Iy a5 yliz cosloniioslsples
1) (g 09 SSINYIFN) fegils OVE )3 (5 5 (598 o =3, Lt
(cTs 5=SIYIY) yiogils YAA 5o Cias Sy Sy o ey
[v+ ] ol Lo g Lan (uilwioglish zulin b a5 wims oyl
1) panlp Aol jeadly chns S lagl ol (093 JlgSen
Blhae iz ep Woloiuns SN0z o1 slacygulesT oS 550
Jdsan (Spe &b pogly (598 S YV YYT LS (sla s 5
olate slooyix b 5 5l eadads lagg iUl (ol oS 55k
omzen 5 el L 5] I (slaly asle IS slo it
gl 4oy Al sass Jsl (g9 xSl slacdle g bl
algi e s slacdle ol ol .ol SN0 slaalglsils
J Sl S oo liagd aisl 5o Al 3Ty sy
S Sl Bl jaocs slaseaST jo Lo a s (Sl (eS|
S slals o o)leay sjlaslsloay 1) oy mSUl wilgs oo
4 rie 9 0SS (aee Fee all GBS Taal plgiedy (5]
sladdsl 5,90 ol 2 Wlgie &5 09d o0 w02 55 gslan
o i [0y9,SIl oS 550 £ 55 o Jl e YY) 13,50 SN0,
covlwlipl i 08 wodlocen PL ol ool 4y puitins 5oy
o0 1559 5SS 556 5l 6 YL &5 PL Gl jo iy ol
$la03 S0 85 08 sa s S8 B Sall 5 am ol )
oS s b ol 3l (o sl ysboas 5 Camlostiblploa; sasans Sl
a1, PL 5 oo o 5V SN02 slaalslgil 05 oo Jiiie
DS ol 1, )L (o 55 £ 5 G e o] 4 S e
5 Do ool 4 C0304 3yme b o a5 SNO2 &gas Ll )
S 55k s e lis 45T ab e palS (6 S b Hebas PL
FCS-1 igei PL Sy sl lge ool 0l L sl ol
L g ool st (2als C0304 4 ool Ciygd (309380 5l my
59 9y Ve ol e B (o j05 jeboas Cyge Jlade il

(&-8) Ju9 340 o lashs — ool 9ty Jw = Ol oty (wSiieo &g paiss

IWeoIPY o — llas ooligolo g o 5>

—

,_gb._a Q.b| l.gb)ufin?._agb SﬂOz/CO3O4 ‘Sl.bc‘g.),..?ols}ib prosw



Ak

W AFY oo = yllas o3l3olo 5 Conwyy 3>

0000000000000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

9> SﬂOz/C0304 Lngu),.wlS

—~

Sl o2l b

FCS-2 &Ggoi 3l fol> ey cull pamie jgbas ool aids

C0304 4 SNO2 sladaises 5| i i O/% g A D90 ol Sa

In Dark «—!— Visible light On
1.0 : —
0.8 i
. 061 §
S i
O .
0.4 1 '
no catalyst H
B SnO; :
] ©Co0, H
024 cg :
& FCS-1 :
4 FCS=2 ; \H
0.09 pFcss !
60 40 -20 0 20 40 60 80
Irradiation Time (min)
(@)
no catalyst
1 ®SnO:
60 o C2304
v CS [
4 arcs
4 FCS-2
40 p FCS-3
S b
O -
r=4
—
''2.01
0.01

0 20 40 60 80
Irradiation Time (min)
(b)

9 C0304 SnO; &l 53 s3ls euslllS 65 g8 Caallad (a) s
3 A5 5l FCS-3 g FCS-2 (FCS-1 (CS slacss ) gasls g3ls
In () jlagas (b) s 0 58 Gl 533 ¥) ol duly S35 Jgtaa
AlEas slaciwlBls (g sl Gle ) Creun y3 dbo g3 50
Figure 6. (a) Photocatalytic activity of SnO;, Co;04 nanoparticles

and CS, FCS-1, FCS-2 and FCS-3 nanocomposites for
degradation of BB41 dye solution under visible light irradiation;

(b) The corresponding ln(c£) diagram versus irradiation

time for different catalysts.

Lioais lysS SN0z sl igos a5 el Iy ol il 1, FY
Syt « s—5 C0304 5 SNO2 &l 3935 La—slie 0 C0304
et B3 e LS 0935l S5 55 )0 (e JB
1y e S5y 58 ol Laedbiogs slacyjsslS sl
Oleasly oy g FCS-2 450 4 S 6,9 boay oo ool
S0 59 el aaBo Ae 31 0,0 A9/0 Ll geodBlS g8
Sladel> o8 555 &5 2l o Tozo| W el el oo
Ll jamoss 99 (B koS (2l38le )'*‘l‘ Jedoar (5,58 Batadss L
ool Ligaiioss ol papany seals sl S0 (LS85 sl
o i w9y G9Sl Sie oS o opdlea [TFYO] el
U P IPVIRNET JJINE SOX SRS 1L g P I PE RN L
=3l 00,0 V0 4 el s do s il b bS58

IRVFPPYSTALERWSCR ) g IY
Sl 5 el B 53 o 5 (55, Jsbe &l clile b

{¥8l05 so chrogs Jsl & po dnds Stipms dlasgay oaiy Y
—%_ ke D)

ol 135, lge cdale 15 5 (2oSTy e i k] o oS
Ul o ye e ddal, an Q‘?Juf“ (") dlal, 5l 6 51510

In () = —kt )

S5y Jolme ig) Ebale Co it o) o oS5, cile C a5 yls
Sl TV (=l Al S, 695 e 5 sl imie o
1N (CIC0) Jlogoi gty Cilin b i (slacenndlBlS 5353
Culgh . Casloadsas | (B-(F)) JSb 10 (e y58 b ploj >
o Dl aslllas 550 sladiges des (gl STy ey
50 anbicws polie 5 aelcusoas Gl lej cows 5 IN(C/Co)
STy e s ol a5 06 smodalive tanloadas o (V) Joux
FCS-3 5 FCS-2 . FCS-1CS .C030% SN0 (sLdsgas (5l

YO0 5 [ FD VAN o/ VDR o) VY o) AT ) Ay

Iranian Chemical Engineering Journal — Vol. 24 - No. 140 (2025)



AliAs (sladl gad )y suelCruady (k) sl g e pow cualh pulie Y Jgaa

Table 2. Reaction constant rate values (k) obtained for different samples.
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