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' Scanning electron Microscopy (SEM)
2 Brunauer-Emmett-Teller (BET)



loaigign (R 4 Gros SSg IV 53 S| SIS JSd5Khog 50 15393 (o wlisd g i {NF

cble L (CAF) 4288 T Jobxo yid Jee VO+ 5
4 ol s JewST LS Jodsiteg e cilydgil Ve ppm
CoBIS I g b 2L 2Ty Lases &) CanblS o lgis
@ Oy pghate 4 ()0 BUT > o2y en adEs T
UV ams J3b dlolbd o odow olaly 5 Cls Jolss
b Sgul il Cgp cou plojen 5 (il 9 b Cod
42,85 OO o 4y yiiSTg by adedly 3 Ve W )8
ol 6ySoilul Sednyile Sl g 035 ()l pdige
Fogighy Sl olSuad bawgs o coyZS e g 8

8,5 )18 aslllas 350 yiogil YVY g0 Jobo ;> Shimadzu
o g b —Y
Jodio g o w1 LIS 0143930 (g 9 — 1Y

JB 9 39095 5999590 (gl ilins S line () 0
CLSLSS lawg ol i ST LS @lydgl 28 4

23,5 )15 aalllas 5,90 BET 9 SEM XRD

ﬁ_‘_l

Ethylene ChC1 [

ghycol

Stirrer & Hitter

Co3d NPs

Oven

200°C

{
p

)
/

fa
/
/

DES

(ChCl: Ethylene glycol)

L2

\
\
\
g
\
Y
J/

LSIDES M> (g9l ailadgy (gladind b )3 5 atily
A5 03> )ly8 yied g5y Al M de &y odlo iy b
e (olod o 2295 03508 JM J315 5 (098 4 U
A 03Dy 48 Cigun gl plael Cod dadds M e @
plas 3l o3zl L g alo o 15 Sl 5l 5 2
cwlio s M > 1) odd e Olydgl Lgwl I
U ad (o glitand o cpaiz (g 035 (wpnd
olod ol ) s )5 Jos Lo 5l b Bl oles
oS e da iy Voo gy o cele win ) Glydgl
A 2bi) g oy sslite b edls @yl gl S5
st sl telde pialesl )3 gl (g5, 2 DES M
035 sl DES M jauls ey AT LS @l )36l
A fi Mo plgie 4 jlaie Of )3 gl po> g

P ST S Jsdsegie @ldgl i sgo Akl
ol o o3l L (V) Soleds

U G g3 g Culles —F—Y—Y

. 2 |

) -

Cobalt(II)

chloride

Ulirusound probe

R

b

Sonicate

Gt SS90 U 53 301 LS Jdkios o 139 plondigigms Siias oy Seilods =) Sl

1¥V e 1 ol 1V 09> YA




Syl gt (o dien 9 e

25 4 BET 905 5l odel cowd ay 5T )3 ol o o3l
5 gt Ak o 218 U6 o 3 J5 259
@ bgpe Claly 5 ol Gbadll puyp b (V) JSO
O )yt 305 5 e DES M )0 0 i <l 3436
P ed s JB hlElhcwl onlio BB o5 4 (2>
ade el ) Jleb g colus ytal58l el peans
o 813 3 3l o pin 5 2 5 Sl il
oy Caws (H3O%) pasigydad (o o9 4 ylg3 o |y DES
ol (V) Jsde 52 & BET (ysefl mlis & g L [¥5]
I o colus &5 5,8 saalin e Casl oad ol
(M?g) \YY/BF 4 A0/VY IDES Mo jeis j> &l gl
ly3gib BET (905l ol & angi b ol adl jiol38l
o3l &S 15wl o JodSciegie (s0395e pd (5 jim
DES M> )3 odd jiww diged ;0 Slyas Jad 1 Sle
Al oo VAUEE Jasio Ol )3 odd st diges (sl ¢ VY/5D
£ a3 93y sl 355 ol Cumday gl (slap il
sl (V) 93]

a1 IS dctogie ldsil mdaw b)) sl
3 SEM (y905] ol .cé)S )5 odliul 3,90 SEM 05|
Cusd & SEM pgliad )0 il o odnline LB (V) S5
oS D5 o odmlite Gl )3gil  Saibas glS (V) S5 55 oal
S b gl S8 o el b 41y o i
CIlS J5dagse @ly3gl sy I (gYL o
5 s S i le hls M 93 ja )0 old s LS
sl RSy (ST 9 sk

o Sl (Bl Ggdgigw 5 Slos cadllas cpl )
&l b e YT G a8 (CAF) bl blio 5> o

A

1€V )l 1 ol 1V 09>

3 ol i Jodtieg jo danST LS @l 39l XRD guls
ol 03> i (V) JSKb > DES Mo o pis g joui>
s Bla5 XRD (6651 53 3950 Sy (sdon ol
slagSI [¥A] Wl lis 2935 &)l JCPDS L o9
(0Y) sblsj » 2bSy pmw Shb 0ad s Sly35k
O/ FF/VO XA XP/A0 FV/FQ N0 oyl ol
VY 0NY) i S Sl 4 gy o 0 5IY 5
Ao Dgus oo 000lie (FF+) ((AVY) (Fr+) (VYY) (¥VY)
W50 YE/AD (g0350000 1> o)l Sy S5 (YVY) Hhoo S0
ool ls duslis b dad o lis 05l (g
Lol Mo 3 5 @lydgl s ) ors Jwols XRD
o pla &S dgd o odmlie s> 4 DES M
b .cwl 00l &y (556 s DES M 315 j5 @l )34l
& el S ol (uSibko S35 9 53 o5
s DES Mo 13 oids stiuw <l ydgil (gl 5y dlaleo dliwg

Al cawd 4 ¥/ nm 5 Y/AY nm g a4 Ol s

(440)

(400)
— (511)

[\ Co,0,/DES
| \

" 222)
—

/

WAGUSAWLY

Intensity (a.u.)
=

C0,0,/ Water

20
5 (@ (C0309) 35UuST CILS &3 956 XRD dons - ) JSi

(shiie OT 3) DES 09 jiian (b DES JU>

b )3 jiw 5l ols BET (905l gulis (Y) S5 5



stlondigigns by, 4 ok SeiSgs Mo )3 S CALS JbSing 30 &35l ki 5 ﬂ

MR sl g g wgol glsel cov (B8 Y- ppm I3y g 2llas )50 39500 Jladd 4 (o (glac]

A5 ool b ool 3w o5lU 5l Ve mg godse oyl (gl i8S

350 350

—8—ADS

280

210

140

V,/cm3(STP) g*

70

0 L 0 —
0 05 1 0 0.5 1
p/Pa p/po
(shio T )3) DES 09y jias (b DES b jiiuw (2 13 93U 09 s w32l9 9 9 032 psg ol -V JSb
BET (9051 jl 00T s 4 guls - ) Jga=
siged JW g cobune Ol i yhad (Sl Th 9 HS o
[m* g [nm] [cm*(STP) g”'|
DES U ous jiow diges OF/\YY S09/1Y FOV/Y -
DES (yau5 00y joww aiged YYa/a0 \ZVAR! 44Y/v)

(ki ©T ,3) DES (933 jiiaw (b DES JU> 5 (a C030s 13956 jISEM g gusi —V JSiis

1¥V )l 1 ol 1V 09> Y.




Syl gt (o dien 9 e

CpVpm ol g y9 ol Gb L S el
A (Bl o 50 St &S Gl usly D94 o dpnloes
On o9 b (ad dal) SO 15 adbie ol 455
aS" (R?>0.98) 5l 5959 Al )3 \loj g LN(C/Co) &l puuss
aBoty e oo, Jslowe 5 Bl clale Cig Co ol
OlFee [y ol yd s (Sl cop ol a3l
ol s 0,8 dwles LN(C/C0)= -kt (saldlro dlowg &
s kK dnlg) amd o L |y sy Gl puiine LS
Olpgl gly Cepw ol (pgd e ol min
ol Cawd &y +/+2+Y |y DES M )3 o jiw C0304

((6) Js-)

-La(C/CO)

bugi (8IS (S 5aIU1S 93 g8 93 gm )3 Ul390 —0 S
SeST g JU> o 03 jitiaw 1393 (A C0304 Ol )35

o SuiSi gy V> OLE 5 02 it 1396 (B Gaoc
230l Caws 4 bli5 s a3 Ogawl )5 ) 235830l b las)

(ol GialojT >

o4 52k )35l (45U 598 2 Slae duglio | rizmon
o s Sgdgigw oS > DES P
odalia 0 & ond pbdl lagiagh 50> b
@3 Sles Giagh ol ) s SlL & 295 0
Cosl a2y (A5 laingh & Cond e oSl

(Yg)

A

1€V )l 1 ol 1V 0,93

5 il 8 )9 il (gl )b glgal 5l (Slidos IS cul 5
wlp se @ (ls] Jele) aSly e
Sy Langs oodgl ] Mol (slyy bty ygmoligaS|
3l I g gigmw o y55 lges s odliiul sVl
o3y i (¥) U5 45 Co304 obds i <lydgil lawgs
Ol b iegll YWY 3 28l duasiie ds .ol 0
bt Gl iy 35 e 3 5 ) ol
4 o 5 doyd dAddd OO I ey g b oo R g
b ool Cowd 4 55 Ao yd il oo ZAR/DF sl cand

ol 0 dpwle ys 5 dbolre I ool

%Degradation= (COC_OCt) * 100 (v)

100

Degradation®o

0 10 20 30 10 50 60
t (min)

oo 13936 (A 2531 9599 95 gaw Cannd 13905 —1° JSi
2383 jiian D139l (B Gaos SuiSTgs JU> )5 oo
RIS i Byl pd — ot S5y Jl> L
45325 ((+ /¥ g L) CanndG1S (10 Mim) H20: (10 ppm)

pH(7) 9 31,8 sokw

IS ke 5 4ol cdaé o3y G 5Co alsleo ol
o 2 (B 558500 1,3 )3 (6o pdiges alad >
S ol B lon 4] CBE el 2 5 S
oA (5lopdiges (il gigdgigw anl Sl Sl iy
Gl pdiges ol b s a8 conl ghale t cdale g el



loaigign (R 4 Gros SSg IV 53 S| SIS JSd5Khog 50 15393 (o wlisd g i {NF

OB 4 o s Calisee O1)395b (6 IS 9598 3 Sos (S lio -V 9o

wiry | R aessoly | R anls | (ng/L) o gl ke | el
[¥v] 100% (240 min) Ph"“’[‘ﬁﬁalym 10 ‘?%gsﬁg
[£A] 90% (360 min) Photocatalysis 35 ( Sgé?;g)
(4] 100% (240 min) Ph"“’é"‘{ﬁalysjs 20 G g(;ﬁg)
8] 100% (180 min) | PrOtosatalysis 50 F(el OT(i)'OP%g(;S
““jj’; E1 99549 (55 min) Son"p[}}g}j’éastalym 10 C‘E;(g“ n/n Z;ES

Iy @lydgl i olpl o Sad i calisee M
b 285 E sy 3y5e JolS 5l e S
3 G gl g JB a5 wb oanlie Liole] o)
ol el ol cpl o8 sl Rolj81 res SiSSgn M
s Colo il 9o 3l b e Colns
Cand &y ros SuiSSg Mo 50 ol jiiw @l gl Jled
el Cawd @ LYYIVY i 4 jhate O M i
odlS o 55 Ay Cawd Hb gl (sl adllae pl D e
&S 53 Ggdsign sbg) 4 ST SIS 3ol bwg
Slp Vb Jeily b 26l g Conj aomo b )55l 09, S5
ol ot VT 665501 4 039)] (clac] Sgo audai 13 58
33yl o3V JelS’ i oyl ploxl 4 Cushge L

i ool U Babgigu wul 3 L oloj oS

el > DES Pl b e o0y9) coand 4 <l
Gl e Shalesl o i SldgL (Ul gigdgigus
oy 3¢l s ploul Jade O 45 e jiw Bl
(smadUlS Pgdgigw 8 b )3 4ids 00 oy e
@ @l & g LS o S AYANY (e 4] (285
DES M ;5 ok s <1360 4" ol dgputie odal Cannd
o i 9 36 Mo ie Al S e

ol o o3l LS ¥ gl ) a3 ey

S 5 4 =¥

o3litl b g guol ) Zlgel SoS &y Lo sl oimgh )8 5
LS s 9 i )b gl el Baee SS90 SN

83 0 ©ldgil Lpudges &)l 1) C0304 Joxlsiiagie duusS]

L Groe SuiSSg2 JU> 3 02d jittaw D13 95L (65U 59995 ga 32113 e puw Sl 9 o 35 3005 A lile -1 Jgo

Gt SuiSTy > DL 3 238 jiiew 3530

k (min™") 5 g 55 a0 0
Jeqey 97/0¥ Bos SeiSi gy JMo 55 o e &l y3gil
STV FALIEY G i1 SO Gl 3 oo i il y3gil

1¥V e 1 ol 1V 09> Yy




[7].

[13].

Syl gt (o dien 9 e

Oxide Nanoparticles for Adsorption
Applications", ACS Appl. Nano Mater.,
2022, 5[5] 7078-7091.

Naseem, T., Durrani, T., "The role of
some important metal oxide nanoparticles
for  wastewater and  antibacterial
applications: A review", J. Environ.
Chem., 2021, 3 59-75.

Qumar, U., Hassan, J. Z., Bhatti, R. A.,
Raza, A., Nazir, G., Nabgan, W., Tkram,
M., "Photocatalysis vs adsorption by
metal oxide nanoparticles", J. Mater. Sci.
Technol., 2022, 131 122-166.

Adekunle, A. S., Oyekunle, J. A. O,
Durosinmi, L. M., Oluwafemi, O. S.,
Olayanju, D. S., Akinola, A. S., Obisesan,
O. R., Akinyele, O. F., Ajayeoba, T. A.,
"Potential of cobalt and cobalt oxide
nanoparticles as nanocatalyst towards
dyes degradation in wastewater", Nano-
Struct., 2020, 21 100405.

. Ahmed, J., Ahamad, T., Alhokbany, N.,

Majeed Khan, M. A., Arunachalam, P.,
Amer, M. S., Alotaibi, R. M., Alshehri,
S. M., "Reduced graphene oxide
encapsulated perovskite-type lanthanum
cobalt oxide nanoparticles for efficient
electrolysis of water to oxygen reactions
(OER/ORR)", J. Ind. Eng. Chem., 2023,
1226-086.

. Al S. S., Zagklis, D., Kornaros, M., Sun,

J., "Cobalt oxide nanoparticles as a new
strategy ~ for  enhancing  methane
production from anaerobic digestion of
noxious aquatic weeds", Bioresour.
Technol., 2023, 368 128308.

. Savitha, S., Surendhiran, S., Jagan, K. S.

G., Karthik, A., Kalpana, B,
Senthilmurugan, R., "Evaluation of the
physicochemical  characteristics and
photocatalytic activity of cobalt oxide
nanoparticles derived from Moringa seed
extract", J. Mater. Sci. Mater., 2023, 34
[2] 89.

Gopinath, S., Mayakannan, M., Vetrivel,
S., "Structural, optical, morphological
properties of silver doped cobalt oxide
nanoparticles by microwave irradiation

ry

1€V )l 1 ol 1V 09>

Ol Oty bawgi gdle 55 4555 b

LA Xt

(SS9 g S

o1d plxl (5)9ld g Clidod pole )l5e (Mollipn ole

&

Ying, S., Guan, Z., Ofoegbu, P. C., Clubb,
P., Rico, C., He, F., Hong, J., "Green
synthesis of nanoparticles: Current
developments and limitations", Environ.
Technol. Innov., 2022, 26 2352-1864.

Deka, S., "Nanostructured mixed
transition metal oxide spinels for
supercapacitor  applications",  Dalton

Transactions., 2023, 52 [4] 839-856.
Gindaba, G. T., Demsash, H. D.,
Jayakumar, M., "Green synthesis,
characterization, and application of metal
oxide nanoparticles for mercury removal
from aqueous solution", Environ. Monit.
Assess., 2022, 195 [1] 1573-2959.

Joshi, N. C., Gururani, P., Gairola, S. P.,
"Metal oxide nanoparticles and their
nanocomposite-based = materials  as
photocatalysts in the degradation of
dyes", Biointerface Res. Appl. Chem.,
2022, 12 6557-6579.

Tajik, S., Beitollahi, H., Dourandish, Z.,
Mohammadzadeh Jahani, P,
Sheikhshoaie, 1., Askari, M. B.,
Salarizadeh, P., Nejad, F. G., Kim, D.,
Kim, S. Y., Varma, R. S., Shokouhimehr,
M., "Applications of Non-precious
Transition Metal Oxide Nanoparticles
in Electrochemistry", Electroanalysis.,
2022, 34 [7] 1065-1091.

Shubhashish, S., Amin, A. S., Dang, Y.,
Karasik, S. J., Khanna, H. S., Suib, S. L.,
"Synthesis of Highly Porous Metal



loaigign (R 4 Gros SSg IV 53 S| SIS JSd5Khog 50 15393 (o wlisd g i {NF

[21].

[22].

[24].

[25].

[26].

[27].

[28].

119654.

Plotka-Wasylka, J., de la Guardia, M.,
Andruch, V., Vilkova, M., "Deep eutectic
solvents vs ionic liquids: Similarities and
differences", Microchem. J., 2020, 159
105539.

Chen, Y., Yu, D., Liu, Z., Xue, Z., Mu, T.,
"Thermal, chemical, electrochemical,
radiolytic and biological stability of ionic
liquids and deep eutectic solvents", New
J. Chem., 2022, 46 [37] 17640-17668.

. Morin-Crini, N., Lichtfouse, E., Liu, G.,

Balaram, V., Ribeiro, A. R. L., Lu, Z.,
Stock, F., Carmona, E., Teixeira, M. R.,
Picos-Corrales, L. A., Moreno-Pirajan, J.
C., Giraldo, L., Li, C., Pandey, A.,
Hocquet, D., Torri, G., Crini, G,
"Worldwide cases of water pollution by
emerging contaminants: a review",
Environ. Chem. Lett., 2022, 20 [4] 2311-
2338.

Yang, Z., Zou, L., Xia, J., Qiao, Y., Bai,
F., Wang, Q., Cai, D., "Spatiotemporal
variation characteristics and source
identification of water pollution: Insights
from urban water system", Ecol. Indic.,
2022, 139 108892.

Al-Taai, S. H. H., In Water pollution Its
causes and effects, IOP Conference
Series: Earth and Environmental Science,
IOP Publishing, 2021, 790[ 1], 012026.
Prado, T. M., Silva, F. L., Carrico, A.,
Lanza, M. R. d. V., Fatibello-Filho, O.,
Moraes, F. C., "Photoelectrocatalytic
degradation of caffeine using bismuth
vanadate modified with reduced graphene
oxide", Mater. Res. Bull.,, 2022, 145
111539.

Gowrisankaran, S., Thirunavukkarasu, G.
K., Makarov, H., Roch, T., Plesch, G.,
Motola, M., Mailhot, G., Brigante, M.,
Monfort, O., "New insights into the
mechanism of coupled photocatalysis and
Fenton-based processes using Fe surface-
modified TiO> nanotube layers: the case
study of caffeine degradation”, Catal.
Today., 2023.

Oliveira, E. N., Meneses, A. T., de Melo,

[14].

[15].

[18].

[19].

method", Ceram. Int., 2022, 48 [5] 6103-
6115.

Razavi, F. S., Sobhani, A., Amiri, O.,
Ghiyasiyan-Arani, M., Salavati-Niasari,
M., "Green sol-gel auto-combustion
synthesis, characterization and
investigation of the electrochemical
hydrogen storage properties of barium
cobalt oxide nanocomposites with
maltose", Int. J. Hydrog. Energy., 2020,
45 [35] 17662-17670.

Kumar, R., Sahoo, S., Tan, W. K,
Kawamura, G., Matsuda, A., Kar, K.
K., "Microwave-assisted thin reduced
graphene oxide-cobalt oxide
nanoparticles as hybrids for electrode
materials in supercapacitor”, J. Energy.
Storage., 2021, 40, 102724.

. Xu, G., Zhao, J., Yuan, J., Zhao, Y., Yin,

H., Wang, F., Tang, J., Zhang, J., "A
facile one-pot microwave assisted
hydrothermal synthesis of hierarchical
cobalt oxide/reduced graphene oxide
composite electrode for high-
performance supercapacitors", J. Alloys
Compd., 2022, 897 163163.

. Feng, Y., Cao, C.-y., Zeng, J., Wang, R.-

c., Peng, C.-q., Wang, X.-f., "Hierarchical
porous Co0304 spheres fabricated by
modified solvothermal method as anode
material in Li-ion batteries", Trans.
Nonferrous Met. Soc. China., 2022, 32 [4]
1253-1260.

Rajaji, U., Raghu, M. S., Kumar, K. Y.,
Almutairi, T. M., Mohammed, A. A.,
Juang, R. S., Liu, T. Y. A., "sonochemical
synthesis of SrTiOs supported N-doped
graphene oxide as a highly efficient
electrocatalyst  for  electrochemical
reduction of a chemotherapeutic drug",
Ultrason. Sonochem., 2023, 93 106293.
Dhugosz O., "Natural Deep Eutectic
Solvents in the Synthesis of Inorganic
Nanoparticles", Materials., 2023, 16[2]
627.

. Liu, J., Li, X., Row, K. H., "Development

of deep eutectic solvents for sustainable
chemistry", J. Mol. Liq., 2022, 362

Vol

RS L PPN A1




[35].

[36].

[37].

[38].

[39].

[41].

. Fedorov,

Syl gt (o dien 9 e

1510.

Pérez-Poyatos, L. T., Pastrana-Martinez,
L. M., Morales-Torres, S., Sanchez-
Moreno, P., Bramini, M., Maldonado-
Hodar, F. J., "Iron-copper oxide
nanoparticles supported on reduced
graphene oxide for the degradation of
cyclophosphamide by  photo-Fenton
reaction", Catal. Today., 2023.

Li, M,, Luo, J., Lu, J., Shang, W., Mu, J.,
Sun, F., Dong, Z., Li, X., "A novel
nanofibrous PAN ultrafiltration
membrane  embedded  with  ZIF-8
nanoparticles for effective removal of
Congo red, Pb(Il), and Cu(II) in industrial
wastewater treatment", Chemosphere.,
2022, 304 135285.

Saravanan, A., Deivayanai, V. C., Kumar,
P. S., Rangasamy, G., Hemavathy, R. V.,
Harshana, T., Gayathri, N., Alagumalai,
K., "A detailed review on advanced
oxidation process in treatment of
wastewater: Mechanism, challenges and
future outlook", Chemosphere., 2022, 308
136524.

Parra-Enciso, C., Avila, B. S., Rubio-
Clemente, A., Pefiuela, G. A,
"Degradation of diclofenac through
ultrasonic-based advanced oxidation
processes at low frequency", J. Environ.
Chem. Eng., 2022, 10 [5] 108296.

Korpe, S., Rao, P. V., "Application of
advanced oxidation processes and
cavitation techniques for treatment of
tannery wastewater—A  review", J.
Environ. Chem. Eng., 2021, 9 [3] 105234.
K., Dinesh, K., Sun, X,
Darvishi Cheshmeh Soltani, R., Wang, Z.,
Sonawane, S., Boczkaj, G., "Synergistic
effects of hybrid advanced oxidation
processes (AQOPs) based on
hydrodynamic cavitation phenomenon —
A review", J. Chem. Eng., 2022, 432
134191.

Dehghani, M. H., Karri, R. R., Koduru, J.
R., Manickam, S., Tyagi, 1., Mubarak, N.
M., Suhas, "Recent trends in the
applications of sonochemical reactors as

Yo

1€V )l 1 ol 1V 09>

[29].

[30].

[32].

[33].

S. F., Dias, F. M. R., Perazzini, M. T. B.,
Perazzini, H., Meili, L., Soletti, J. L,
Carvalho, S. H. V., Bispo, M. D., "Highly
effective adsorption of caffeine by a novel
activated carbon prepared from coconut
leaf", Environ. Sci. Pollut. Res., 2022, 29
[33] 50661-50674.

Dulsat-Masvidal, M., Ciudad, C., Infante,
O., Mateo, R., Lacorte, S., "Water
pollution threats in Important Bird and
Biodiversity Areas from Spain", .
Hazard. Mater., 2023, 130938.
Anastopoulos, 1., Pashalidis, I., Orfanos,
A. G., Manariotis, 1. D., Tatarchuk, T.,
Sellaoui, L., Bonilla-Petriciolet, A.,
Mittal, A., Nufiez-Delgado, A., "Removal
of caffeine, nicotine and amoxicillin from
(waste)waters by various adsorbents. A
review", J. Environ. Manage., 2020, 261
110236.

. Pourmoheb Hosseini, S. M., Chaibakhsh,

N., "Application of plant-based coagulant
with a novel MnO,.MoS, nanocatalyst
in coagulation/photocatalytic ozonation
process for wastewater treatment". Sep.
Sci. Technol., 2023, 76 538-544.

Sathya, R., Arasu, M. V., Al-Dhabi, N.
A., Vijayaraghavan, P., Ilavenil, S,
Rejiniemon, T. S., "Towards sustainable
wastewater treatment by biological
methods — A challenges and advantages
of recent technologies", Urban Clim.,
2023, 47 101378.

Naeem, H., Tofil, H. M., Soliman, M.,
Hai, A., Zaidi, S. H. H., Kizilbash, N.,
Alruwaili, D., Ajmal, M., Siddiq, M.,
"Reduced Graphene Oxide-Zinc Sulfide
Nanocomposite Decorated with Silver
Nanoparticles for Wastewater Treatment
by Adsorption, Photocatalysis and
Antimicrobial Action", Molecules., 2023,
28[3] 926.

. Lock, S. S. M., Shoparwe, N. F., Lock, 1.

S. M., Lim, L. G,, Yiin, C. L., Chan, Y.
H., Hassam, M., "Review of Adsorption
Studies for Contaminant Removal from

Wastewater Using Molecular
Simulation", Sustainability., 2023, 15 [2]



loaigign (R 4 Gros SSg IV 53 S| SIS JSd5Khog 50 15393 (o wlisd g i {NF

evaluation of catalysts of zno in
photocatalytic degradation of caffeine
solution", Chem. Eng. Trans., 2017, 57
667-672.

. Keskin, C. S., Eren, B., Ozdemir, A.,

"Photocatalytic degradation of caffeine
using metal ion-modified pillared
interlayered clays and H»,O> under UV
radiation", Chem. Eng. Commun., 2023,
1-8.

[42].

[43].

[44].

[47].

[48].

[49].

an advanced oxidation process for the
remediation of microbial hazards
associated with water and wastewater: A
critical review", Ultrason. Sonochem.,
2023, 94 106302.

Al-Musawi, T. J., McKay, G., Rajiv, P,
Mengelizadeh, N., Balarak, D., "Efficient
sonophotocatalytic degradation of acid
blue 113 dye wusing a hybrid
nanocomposite of CoFe>O4 nanoparticles
loaded on  multi-walled  carbon
nanotubes", J. Photochem. Photobiol. A.,
2022, 424 113617.

Moradi, S., Rodriguez-Seco, C., Hayati,
F., Ma, D., "Sonophotocatalysis with
Photoactive Nanomaterials for
Wastewater Treatment and Bacteria
Disinfection", ACS Nano., 2023.

Wang, T., Wei, J., Liu, H., Feng, Y.,
Tang, X., Zeng, X., Sun, Y., Lei, T., Lin,
L., "Synthesis of renewable monomer 2,
5-bishydroxymethylfuran from highly
concentrated 5-hydroxymethylfurfural in
deep eutectic solvents", J. Ind. Eng.
Chem., 2020, 81 93-98.

. Standard JCPDS data card No. (80—

1538).

. Sultana, A. 1., Cheatham, R. W., Reza, M.

T., "Deep eutectic solvent pretreatment
alters surface ~ morphology  and
functionality of activated hydrochar
resulting in enhanced carbon dioxide
capture", J. CO, Util., 2023, 68 102350.
Anucha, C. B., Altin, 1., Bacaksiz, E.,
Stathopoulos, V. N., Polat, 1., Yasar, A.,
Yiiksel, O. F., "Silver doped zinc stannate
(Ag-ZnSnOs3) for the photocatalytic
degradation of caffeine under UV
irradiation", Water, 2021,13 [9] 1290.
Rimoldi, L., Meroni, D., Falletta, E.,
Pifferi, V., Falciola, L., Cappelletti, G.,
Ardizzone, S., "Emerging pollutant
mixture  mineralization by  TiO;
photocatalysts. The role of the water
medium", Photochem. Photobiol. Sci.,
2017, 16 60-66.

Almeida, L. N., Lenzi, G. G., Pietrobelli,
J. M. T. A., Santos, O. A., "Performance

Vol

[RCIDS IR  STSTINN I 4




Iranian Journal of

Ceramic Science & Engineering
Vol. 12, No. 1, 2023

Synthesis and Characterization of Mesoporous Cobalt
Oxide Nanoparticles in Deep Eutectic Solvent by
Sonochemical Synthesis Method

Amin Moghaddasfar, Masih Darbandi*

Nanomaterials Research Laboratory, Department of Physical Chemistry, Faculty of Chemistry,
University of Tabriz, Tabriz, Iran

* masih.darbandi@tabrizu.ac.ir

Abstract: In recent years, the synthesis of nanoparticles via the green method attracted more
attention from scientists regarding environmental problems. In this work, mesoporous cobalt
oxide (Co304) nanoparticles (NPs) have been synthesized by the sonochemistry method in
the presence of Deep Eutectic Solvent (DES). The effect of DES has been investigated on
the morphology of the final product and its photocatalytic performance. Different techniques
like XRD, SEM, and nitrogen adsorption-desorption are used to characterize the NPs
regarding their crystallinity, structure, and porosity. To investigate the effect of DES,
different nanoparticles have been synthesized in the absence of DES and compared with the
last sample. The results proved that DES has a considerable effect on the porosity and the
size of the nanoparticles. Finally, the performance of the final nanoparticles has been
investigated in a sonophotocatalytic process. The Co304 NPs synthesized in deep eutectic
solvent (DES) exhibited excellent sonophotocatalytic (UV+US) performance, degrading
99.54% of the caffeine in 55 min.

Keywords: Deep eutectic solvent, Sonochmeical synthesis, Mesoporous, Cobalt oxide
nanoparticles, Photocatalyst, Sonophotocatalys.
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