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XRD il s £ K5
——Zinc Oxide - Synthesized Zinc Oxide Synthesized & Heated Zinc Oxide
£
3
o
2
s
D
O e A
A A A M
10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Position [°2Theta]
Fig. 4. XRD data
sl S sl O-H Wg & bgy e FOrCM G ¥e e cmt KRE s SASELY dgr
0350 e (S tizun 33T Il (g3lslsl Jals o5 S S - 5 Nano
" N : ¢ n particles
LYavs em™ slacs, das o 0LES 1, C-N s, YY v vemr
) ) 0 0 100 Zinc Oxide
Lacsly dies 533 C-H slaki g 4 by 0 YA0cm?
e A CH Gk o b e 127 5713 4160  Synthesized Zinc Oxide
A 5 5 esle T e Slalo)l & b i i
03 03 el gy Ol e O ol 4 by, 11 6113 37.77 Synthesized & Heaed Zinc

cm L5 t0r om™? s gdome 53 4 gel 4w a3 .ol V00

‘}_.;JSUZL&?)‘ML};JAAS.))J& odalin &Lh&.:.l gVl

35 Sl kS GadenS] 4 aliS| s S wlsl LLasl s

)_3.&:& odalin Jb}a.;

83

Oxide

Table 2. XRF result

5 SsshS! 5 edd shadl palST ol es 4 (55545
Sl Slkes 5 odd shadl Al Sl ol as 4 5 0S]

Loy 4 s 4w o s Cenl ol &151 (0) IKS 5 edys



)‘}J:M‘juuﬂs:"{b

e s oedB8 3 6 o3l L LB TV 5l e

FTIR 4 by o (slaesls .0 JS.Z

Transmission

———Zinc Oxide ——— Synthesized Zinc Oxide Synthesized & Heated Zinc Oxide
W/ —
M “-—F’\’J

850 1350 1850 2350 2850 3350 3850

350

Wavenumber (cm-)

Fig. 5. FTIR data

e S LB, L B L Lo S S,
oealS sl 5 ol o pd S (65 1 O ar s L
Al o Sl 0 SIS o 4 bg e (6551 5 Bl

DRS 4 Ly o glaesls 1 JSS
0.6

——Zinc Oxide
——— Synthesized Zinc Oxide
Synthesized & Heaed Zinc Oxide

0.5
0.4
<
0.3
0.2

0.1

0

220 270 320 370 420 470 520 570 620 670
AMnm)

Fig. 6. DRS data

Sl e 3 fol> s -V
Jsl S8 5w ajls sy s S g3 55 s NT Gl (gl
J\_:J)J 6})} CMM_)UKS};’A ub; Ala_wj A AJ_.\J“‘YT g,.a..)}J
ﬁ‘ BE) S QT A.L"_mj a e.\.\i‘yi g_,q”_)?J B J‘)T L;Lad&.;;\)

Sl sdan gy 5 a4 S a3 55 003 S 53k ialas

84

o313 0Lzl (V) S 55 aS DRS LT &0 by e s gad 5o
e 08 5L andl e S B e e el
Ao o LA 1 (6358 5L s (S50 H e 5 e gl
0 (1) ) Sl eslinad b ool 5 BB (g5l ) S 4 S

a(M)=(2/303A)/d o (hv-Eg)+2 )

e ek e Jyb s Ol e A dles ol 3 S
Si-thy (Cler cobo m = 5 4Y culbes d nm
e g e (§l 55 BE (55 By 5V i 555
T o 3l el al Ly (55,5105 alia .ol @V
5 SN b5 a5 slaesls SaS 4 i e
- O sl Cowsay b Gb s asle 5 s
AS| 5 S550emS) 5 Y/AVARV L il (5 554emS] S5
ZnO [ 0~y 3508 60 5 V/40VEV L ol 5 s 5l dl
s o aa=Me oS & SOl . osl VAVARV L il s FeoO3
S a3 5 4l halS B (65 IS
A3 Olas e 53 s bl e 1B S5 S
Fom oLl a3y 53 ls s VT 2l s SUlS

Sl (’)N o= el sl (o5 Slols jals Esl



Modares Civil Engineering Journal (M.C.E.J)

Vol.20, No.4, Oct. 2020

B U sl O 02 gLl Sl s 3 ¢y pe

Al (osls iy o 55 6l JSal, M5 poe

[25]
VT (g3l sdnn 52 ZnOV0-Fe203 oy 5lS 55 Shas ¥ K2
100
90 mlh m2h m3h
80
70
60
50
40
30
20
10
0
Lo — o Lo — Lo Lo — Lo
S L 3 s I 3 3 I 3
s oL g L oog un o g I
$ €E g E E ¢ E E g E
s 9 § ¢ 9 § ¢ 9 § ¢
e N NN NN N,
[«6)
A PH=11pH=11pH=11pH=8 pH=8 pH=8 pH=5 pH=5 pH=5
o
O

60
50
40
30

=
o O

COD removal (%)

Fig. 7. ZnO/a-Fe203 nanocomposite performance in pollutant
mineralization

aJ:iYTLSJ'Lﬂd'Ju):LS”J:.S\:J(LwAJ&Z

mlh m2h m3h

Lo — Lo Y] — L Lo — Yo}

S T8 8 % 38 8 i 05

L o N S e T N [ N SN L
[ [ [

e N 2 2 8 2 2 8 8

N, NN NN N,

pH=11pH=11pH=11pH=8 pH=8 pH=8 pH=5 pH=5 pH=5

Fig. 8. Zinc Oxide performance in pollutant mineralization

85

'L;r..x_xA J\_vj)} (\/) Jg...:).) QQ.L'IM LSLQpH L 6}).\.:...\.5‘
5 widis gLapH ,5Zn0O/aFe03 5 508 5L (g5
55 od 5ol S L COD ol s Ole 5 (M) JSC

sl 0 43‘)‘ (‘\) J.g.l B \g/L clle

ol oSt (S5l Sdre Oln PH LI5S sy
[21-22] s)ls Salan 55 oty Sladlae L &S b o
Ol SralS S 55 5 PH [Lals L oS das o LS il
3 B8 035 Jed a4 5 L OJsodes Oy SRS
Olpee 5 a8l Jhals (Soloals xS asdlr (550 o
oalS Gl dol e SalS oS 5 (il S
el Sl 5l (5 208 L0 SN &S 555 0 sl
JoeSsoden Jlrd LadlsGaly 5 odd S e 05
oo 3 LS Ol amt e S 5y 305 (5 %S
ZnO/aFe203 o508 50 3 53 oo U 58 O sl S
CBE (sl 0L s Shes o g LB Jae
bl oUls 48 il (8 4 O Ol il 500 B
S b ails 1 il Sdre Gl 2 S 5ol sWIG,
YL S Gcel &5 wals (6,8 Ol Ol s B b
Sbedld gl UV o anil Odes; S5l e 5 550 J sl
Y 5 o S ol Il 5 sl U
Al e SRl a3l sl asls |, COD Gl (sl
SASlyy sl 5 UV 558 Jals cow cJUls clale
S peo 4 Dl Oy 45 Liles S L Sladlas 353 o O
bl Lo 5 Sl b GO Sl 4 it
Alys o by el B Cile chale el anl
5 oA i o A5 Rl e (U g
Oirege [23-28] 550 o LS|y s 5 JonS 5 5den IG5,
S s by e et VT esle il OLeil, I3l s Jele
ZnO/a-Fex03 sy 508 55U sy (55501 51 e JUIS 428
sl o3l QLI (A 5 V) sl I 3 S 4550k .ol
5 L La s sad salas 55 COD Gl 0lakily il 3l el
S JBS 53 a3 IS sk el SIKAT ClJUIS g &
Aol s b e Rl gl Sdme gy Ll Oley Sl BIL
Wl il 55 (3l Sdne Rl 3 o &S wuils s s



jlﬂ:MgQ&A:‘j\;

G B 5 6 S el § LB TtV g3l e

Soales dse STy o 5 beshs (Seas Ol
35 gt oSN Js e 51 ISS ol 53 el 15 S¥slee
S S Ll e s S Ce e b
Yoot ) gL U il sl Sl (50|
Olpee & Cele ¥ Ode 3 pH= A 5 UVC Sls A oY sue

el Sy +/0 0 £Y min

& 5 doms Y
5 b XRD b Sl Sales e JUS 5z plomil L
5 JUS1Ka &) s 4 FE03 5200 (gl y Jliwy 5 ksl
daly Gb sl Ve 4 gl YUl JBIS sl tals
« Lemine Lo g oui el s 5o & S edalie )0
Woa Chaudhury fass 53 5 el Ve Sls ol
sk 5l Jol mls [14, 16] &is S iy s el
o 4 ZNO/0-FE203 &y 5elS U 4505 55 35 SEM
03 AAST S 83 5 e e SL ZNO
S Je> CLJ L D Y NGOt By-F B WL { I L1 L0}
YAVA Ll sl Aos gsoanSt DRS LT
-0 e phadl ATLS| 5 ST 5 S50 S
5SSt s S0l VA Ll Sl
—Os S VAVA Ll edone )l = 5 et shedl calans]
Sl e e a sl JUS se L &S ol &
sl il s (slatass 53 8 Can Sledled (555
« Chaudhury 5 YNYeV (¢} ilols o Lemine Lo g
LSl s 16, 14] wml o cews Y/TEV (g5 0
A5 i 3 b Bl il 0oy I L el
23 Ll sk e Ll ge lepdas o U s
3L Db Il s (5l Sne SIS il s
5 XS o My (5Kt JalS Sl plil e 4 e
P L 5 s (A Ol 4 S 58 Ol Ol e LB
Syhe b ge Silw sdae Lay Shlpl LoLE Ll ol
sl 2Ulg a8 3L slesll 4 Al cedUlS clale Ol
S el andls 1 ol gdne Gl 2 JenS soder gLbJG,
2V oS sl oS a8 Of Ulpe S5 b

COD (mg/l)

ZnO/orcy; 548 56 NYL o Jils lile ;3 COD 5 5, & S

Fex0s
225 1
e pH=11 === pH=8
200 - mm pH=5  e===pH=11 - 0.9
—pH:8 —pH:5
150 07 °
0.6 8
125 S
057
100
0.4 8
& 0.3
=0 0.2
25 0.1
0 0
0 1 2 3
time(h)

Fig. 9. The trend of COD changes in catalyst concentration of
1g/L ZnO/a-Fe203 nanocomposite

Kl s e —T-¥
3C ol cul dyl 4o 4 S o5 (V) dlaly 3ollas
4151 COD ,lais 5 aamd ;3 COD ,ltie Ly s s 5 & C.
Slaisie e 545 l5 508 g 5 035 Lo Olos b pl ot
Gl ol s adsbes e ol Sl 5,08
Olgs s (V) U2 3 el JT 0V (g5l ke

ZnO/a-Fex03 5508 5L VOl chale ;5 STy Co
el 0 e3ls LS s slapH s

ZnOlorFe203 &y j 5,0l S5 VIL CdBlS Chle p3 St gy VY JSE

e lapH s
1.6 -
14 |® pH=11 y = 0.0075x
‘ _ R?=0.8876.
12 ®pH=8 e
. l .pH:5 ..".,.-
@) § = 0.0043x
@O 8 . . Rz = 0.99_2,5 ®
£0.6 T e
04 ............ @ )
02 | @ y =0.0025x
e R2=0.8975
0 &
0 60.. . 120 180
time(min)
Fig. 10. Kinetics study of 1g/L of ZnO/a-Fe203

nanocomposite in different pH



Modares Civil Engineering Journal (M.C.E.J)

Vol.20, No.4, Oct. 2020

vitro. Environmental and

pharmacology, 38(3), 838-844.

toxicology

[5] Fadic, X., Placencia, F., Dominguez, A. M., &
Cereceda-Balic, F. (2017). Tradescantia as a
biomonitor for pesticide genotoxicity evaluation of
iprodione, carbaryl, dimethoate and 4, 4'-DDE. Science
of The Total Environment, 575, 146-151.

[6] Khara H, Salar Amoli J, Mazlomi H, Nezami Sh,
Zolfinejad K, Khodaparast S H, et al. Survey on season
agricultural pesticides (hinozan, machete, diazinon) in
the Ashmak River of Gilan. Journal of Biological
Sciences of Lahijan. 2009;1:29-43 (in Persian).

[7] Crini, G., & Lichtfouse, E. (2019). Advantages and
disadvantages of techniques used for wastewater
treatment. Environmental ~ Chemistry  Letters, 17(1),
145-155.

[8] Brienza, M., & Katsoyiannis, I. A. (2017). Sulfate
radical technologies as tertiary treatment for the
removal of emerging contaminants from
wastewater. Sustainability, 9(9), 1604.

[9] Badawy MI, Montaser Y, Chaly T, Goda-Allah A.
Advanced oxidation processes for the removal of
organic phosphorous pesticides from wastewater.
Desalination. 2005;194:166-75.

[10] Mezzanotte V, Canziani R, Sardi E, Spada L.
Removal of pesticides by a combined ozonation/
attached biomass process Sequence. Ozone:Science and
Engineering. 2005;27(4):327-31.

[11] Walid KL, Al-Qoda Z. Combined advanced
oxidation and biological treatment processes for the
removal of pesticides from aqueous solutions. Journal of
Hazardous Materials. 2006;137:489-97.

[12] Rajeswari R, Kanmani S. A study on synergistic
effect of photocatalytic ozonation for carbaryl
degradation. Desalination. 2009 Jun 1;242(1-3):277-85.

[13] Vishnuganth, M. A., Remya, N., Kumar, M., &
Selvaraju, N. (2017). Carbofuran removal in
continuous-photocatalytic reactor: Reactor
optimization,  rate-constant  determination  and
carbofuran degradation pathway analysis. Journal of
Environmental Science and Health, Part B, 52(5), 353-
360.

[14] Chaudhury CR, Roychowdhury A, Das A, Das D.
Magneto-optical ~properties of a-Fe203@ ZnO
nanocomposites prepared by the high energy ball-
milling technique. Journal of Physics and Chemistry of
Solids. 2016;92:38-44.

8/

S3bedled (gl UV oY andl Oy 5l 8le 5550 J sl
D 03 st JeeS sk IS0 A8 gl U
OLEs 1 g 3,8das IXV ol ASlol o JUIS 53 L) 2
Aol 53 COD LoVl Gds obekily Slade sl
5 ZnO/o-F&03 yj5elS 50 Y gL chale L 2l JUIS 428
Cele ¥ Sk 55 PHEA S UVC Sy A CoVosie ¥ sl
olkl, Rajeswart Guiss ;5 a5 Ad pund T Olpe @
e IV Ol & Vishnuganth rass, s 5 74Y Gd-
Olsee 4 g opl 5o A8l e o0U [13, 12] s

A Jeol= o/v e £Y mint

S1ey8 g L5 ¢
JKiils gysls o Chglae 3l Al
S wlees Shasn opl il o Glndy gl o)l

Klo ol pilel -0

e (ool 8 me S WS e el OB 5

Sl s e

References &lo -1

[1] Martin-Reina, J., Duarte, J. A., Cerrillos, L.,
Bautista, J. D., & Moreno, 1. (2017). Insecticide
reproductive  toxicity  profile:  organophosphate,
carbamate and pyrethroids. J Toxins, 4(1), 7.

[2] Sulaiman, N. S., Rovina, K., & Joseph, V. M.
(2019). Classification, extraction and current analytical
approaches for detection of pesticides in various food
products. Journal of Consumer Protection and Food
Safety, 1-13.

[3] El-Shafai, N. M., EI-Khouly, M. E., El-Kemary, M.,
Ramadan, M. S., Derbalah, A. S., & Masoud, M. S.
(2019). Fabrication and characterization of graphene
oxide-titanium dioxide nanocomposite for degradation
of some toxic insecticides. Journal of industrial and
engineering chemistry, 69, 315-323.

[4] Jorsaraei, S. G. A., Maliji, G., Azadmehr, A,
Moghadamnia, A. A, & Faraji, A. A. (2014).
Immunotoxicity effects of carbaryl in vivo and in



)'}JJ.XW)QU_AJL;&

nanophotocatalytic degradation and detoxification of CI
direct blue 86 from Aquatic Solution Using UVA/TiO2
and UVA/ZnO. Journal of Mazandaran University of
Medical Sciences, 26(143), 145-159.

[22] Mirzaei, A., Chen, Z., Haghighat, F., &
Yerushalmi, L. (2016). Removal of pharmaceuticals and
endocrine disrupting compounds from water by zinc
oxide-based photocatalytic degradation: a
review. Sustainable cities and society, 27, 407-418.

[23] Patil, A. B., Patil, K. R., & Pardeshi, S. K. (2010).
Ecofriendly synthesis and solar photocatalytic activity
of S-doped ZnO. Journal of Hazardous Materials, 183(1-
3), 315-323.

[24] Gaya Ul, Abdullah A, Zainal Z , Zobir Hussein M.
Photocatalytic treatment of 4-chlorophenol in aqueous
ZnO suspensions: Intermediates, influence of dosage
and inorganic anions. Hazardous Materials, 2009. 165:
63-75

[25] Khaki, M. R. D., Shafeeyan, M. S., Raman, A. A.
A., & Daud, W. M. A. W. (2018). Evaluating the
efficiency of nano-sized Cu doped TiO2/ZnO
photocatalyst under visible light irradiation. Journal of
Molecular Liquids, 258, 354-365.

83

e S e B 3 U 3l ealizad b el JT ot NT (g3l Sies

[15] Giiler SH, Guler O, Evin E, Islak S. Electrical and
optical properties of ZnO-milled Fe203
nanocomposites produced by powder metallurgy route.
Optik. 2016;127(6):3187-91.

[16] Lemine O, Bououdina M, Sajieddine M, Al-Saie A,
Shafi M, Khatab A, et al. Synthesis, structural, magnetic
and optical properties of nanocrystalline ZnFe204.
Physica B: Condensed Matter. 2011;406(10):1989-94.
[17] Balachandar, V., Brijitta, J., Viswanathan, K., &
Sampathkumar, R. (2020). Investigations on the
Structural, Optical and Dielectric Properties of Ball-
Milled ZnO-Fe;Os;  Nanocomposites. International
Journal of Nanoscience, 1950034.

[18] Eaton AD, Franson MAH. Standard methods for
the examination of water & wastewater: Amer Public
Health Assn; 2017.

[19] Wu, Changle. "Facile one-step synthesis of N-
doped ZnO  micropolyhedrons  for  efficient
photocatalytic degradation of formaldehyde under
visible-light irradiation." Applied surface science 319
(2014): 237-243.

[20] Malayeri, M., Haghighat, F., & Lee, C. S. (2019).
Modeling of volatile organic compounds degradation by
photocatalytic oxidation reactor in indoor air: A
review. Building and Environment.

[21] Jaafarzadeh Haghighifard, N., Mirali, S., Jorfi, S,
Dinarvand, F., & Alavi, N. (2016). Efficiency study on



Modares Civil Engineering Journal (M.C.E.J) Vol.20, No.4, Oct. 2020

Mineralization of organic pollutants of carbamate using synthetic
nano photocatalyst of ZnO/a-Fe203

A. Dehghan!, M. Delnavaz?®*

1. MSc Student in Civil-Environmental Engineering, Kharazmi University
2. Associate professor, Faculty of Engineering, Civil Engineering Department, Kharazmi University

*delnavaz@khu.ac.ir

Abstract

Ingredients in agricultural pesticides are a group of chemicals and synthetics that are widely used in
the industry. The constant entry of these substances into water resources produces very high levels
of pollution, which poses a threat to aquatic environments and their organisms. In recent years, food
safety concerns have become an important issue in developing countries. In agriculture, pesticides
are used to control pests and increase yields. However, overuse of pesticides, even in low
concentrations, can cause health problems and environmental pollution. Among the pesticides used
in agriculture are organophosphorus, carbamate and pyrithioide pesticides. Organophosphorus and
carbamates have the highest levels of consumption to deal with plant pests. carbaryl, which belongs
to the carbamate family, is a highly toxic insecticide. It is widely used in trees, vegetables, grains,
herbs and tea. carbamate remains in soil and water due to its frequent and continuous use. The best
way to prevent health and environmental hazards caused by pesticides is to prevent them from
entering water sources. In the absence of effective control and their entry into water sources,
conventional treatment methods will have little effect on their removal. For example, processes
such as sedimentation, filtration, disinfection, and surface adsorption will be able to remove small
amounts of pesticides. In this study, the photocatalyst was synthesized by ball mills method. In this
method, oxide and iron oxide nanoparticles were rotated in half steel compartment (40.5 g of oxide
and 80 g of iron oxide) for 12 hours in a high-energy satellite mill at 300 rpm. The weight ratio of
the catalyst to 10 mm spheres is 1:20 and for each 15 min rotation, 5 min rest and a total of 16 h
cyclical rotation was performed in the device to complete the nanocomposite synthesis process.
Heat treatment was carried out for 1 hour by a muffle furnace at 700 ° C. Also, this nanocomposite
were characterized with the analysis of XRD, XRF, DRS and FTIR. The XRD analysis showed the
hexagonal structure of nanocomposite with using of Debay-Scherer relationship, the crystals size of
Zn0O/o-Fe,03 nanocomposite was calculated about 10.66 nm. SEM images showed the Fe;Os
nanoparticle Placement between ZnO nanoparticles. Result of DRS revealed that band gaps of the
Zn0O and Ballmiled iron oxide and heated was 1.878 eV. By FTIR analysis, peaks of Zn-O and Fe-O
were observed in the nanocomposite. According to EDX analysis for the weight values of Zn and
Fe and O of ZnO/a-Fe203 nanocomposite was 5.30% and 55.8%. According to XRF analysis, the
weight values of Zn and Fe in ZnO/a-Fe,Os nanocomposites were 77.33% and 61.13%,
respectively. The photocatalytic activity of the synthesized ZnO/a-Fe2O3s nanocomposite under UV
irradiation was analyzed by two 8 watts UVC lamps for mineralization of organic carbamate
pollutants from agricultural wastewater. In this design ZnO/a-Fe>O3 nanocomposite concentration,
pH and radiation time were considered as effective quantitative variables and the type of catalyst
consumed as effective qualitative variables. Reaction rate reached best at 0.0043 min in the best
conditions, including modified oxide and catalyst concentration of 1 gr/l and two 8W UV lamps and
pH = 8 for 3 hours.

Keywords: Carbamate, Photocatalytic process, UV-vis light, ZnO/a-Fe;O3 hanocomposite
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