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In this research, the sonophotocatalytic (SPC) technique was investi-
| gated as one of the advanced oxidation processes (AOPs) methods for

the degradation and purification of toxic, resistant, and non-degradable rhodamine B
(RhB) pollutant in the aqueous phase. For this purpose, the effect of simultaneous, and
separate use of ultraviolet (UV) and ultrasonic (US) radiation for the chemical degrada-
tion of dye pollutant, has been investigated. First, ZnO/GO nanocomposite was synthe-
sized and characterized via the sol-gel method. The morphology, structure, and size of
the synthesized particles were determined using X-ray diffraction (XRD) and scanning
electron microscopy (SEM). Absorption spectra of catalyst and dye contamination were
investigated using a UV-Vis spectrophotometer. The sonophotocatalytic process showed
higher degradation and quality compared to the separate photocatalytic and sonocata-
lytic methods. The ZnO/GO catalyst showed 98% degradation after UV and US ra-
diation simultaneously, while photocatalytic and sonocatalytic methods showed 68 and
85% degradation, respectively, during the same period. According to the experimental
results, the kinetics degradation of ZnO/GO nanocomposite was investigated and it well
followed the first-order kinetic equation.

Sonophotocatalyst, Zinc oxide, Graphene oxide, Rho-
Keywords .
damine B




Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

w3 sl 3 23y (oo plierd Sty 55y 2 wpolyd
S olgis 4 @golyd glgel jlodlitul b (olendgign 21,8 5,8
495 3590 o 4 s 0au VT g Ol dudad ) asd iy ialaST 59,
ool 2 )55 oo |y gl rlgel panlSin [+ ] ol 8,5 3
«gol glgel 53U Cod a5 5,5 A g mlo 3 ol 0> puilSe
x5 JSB 4 e YU jlows jLid g od 3 aliend sla ST
o Lo 5580 (2o d o] Sl mg 5 20 el e jl 8 2
I dols )i Sl o Ghge  [N] g o0 ojis b
&y oy il wle (Sl jLid) b Lis | a8 (S gl
&lo > Cold 2 9 48)S g0 b Cling S Sl (o (Sgo
b S ol s copss (IS cdls 3 Y]] (0 3929 4 0y
ol g g il sl (VL (65l geal 8 sl Sl ooli]
Slp ol 4 Gl b cde pon & W] 0d 5 &y
Oy ol Jo (b gy (00 S @ Gt (lo Ol didiad
S Sllos cuslio Lulyd (gilo oly b5 sl (oo a9 350
@l pas g STy Gloj (EALS e 5 s pu ialiEl 4y i
OBl lles (sladtsa (g o0 098 (0 (ploend (sla 32959
g b Cudgiome (05 Byl cas 3l gl Lo o [VF] ob
o3zl ol 4555 plocl S8l angigm A5 oS dont
Ol gl Pge gy S Bl lgie & Bl ded S ]
1l o gl il cov OB )3 sgmge JT sl 01 Y
5 @ colia CondlS pouis > gl il 4 lej [10]
3y CendlS g (Ul g s2],8 03lisal 390 A1 15 029, (o
3 V5] 295 o 03xel il gigus 55 a0l ol 5> odlazul
4 el 5 cladsSse 55 (Kanl bl gigw s1]8
oS el o Gl Jen g yan gl IS0l a5 Galél L
SV Conl bloy o g ol il (Sacsuais 51 s
sl oy 4y oeie ol le (sl s > Cgolyd S (B)b
@ lj oy sl Sl (2898 Sl ) 058 00 (pliels 5 ()lite
&o25 J1 48 3948 00 3l Jslowo 0355 3 (290 S () lie 90
dlge Bl 55 9GS (D ISy cage 9 03)5 (pSele )
O30l & e Colpd 50 a5 w0k CondBS daw (65 00ub il
A Jeloee 0357 (b (aljdl (pizmen 9 (o0 Jb o
oy o laly o 5 00T (loloSUso p o JUal gl B 1k

DA 50 (o 900 Jsloxs 0355 9 CansBIS s
ohs Condlil 938 S s 4 Zn0 gl sl sl
Cosl odd a5 ka5 0 I (dla S5, 5l g i 55
wil gl args BB Sl 658 slasensT plo b anglie 3 4
S5 s o3jl (liSl s 4 olse (S > > [V ] e
S VL (B 58 QLS Z00 Gl slo Job> ol
9 i Syl ol b b 8S [YY] 5)b THO, &
U e dise) )3 g i dlge 51 (S st 40,8 & pazio (ohond

doddo -

Sl glie 5 odas (S lrosd lio | (298 Sl
Lo &y 399 9 4udss S conl p3¥ oS 08l (oo Canj aime
Sl Bse Slagly) V] 98 dial (pgllae 925 4 Can
Sl Jols a5 %9y (o0 5 4 plio (298 Ol dias
Wl (0 028 9 (rba Gl epgrnl il gl 450 (Sl
g (s 4 503 B 4 (316 51 S5 JUisl da b el o (V]
35 6 4had Jiajl gl slaoan Yl adgi b 4930l o
CanedUS U oy 2 8 iy (ygrnlionsST 2215 0] pol V] it
odd el ddal sl B9y (wpige Il (Su Oy 4
ol Bls 1y )bl 5 pglae sl ons Yl Coy0 €0)u8 &S cal
oxlo & oo S j) 3o, Jlinl (gline & i) 5 gt
UinlaST olann] 3 a8 cunl oad b ojgyel il 0 S0d (6
oYl &y bgyyo M (6 5u0] Cauidgo jobo dy Aoy oo A8 pubiy
o wegde 1S o o 1) (Sujddsn ca 58 HBys clo
¥ lasl Gygo 4 el Hlid g 561 clod 3 1) laos Y]
Sy gt ad iy (£59)9iST Bk 31 [¥] 905 Sl
4 S (Vb (SAS 2081 028 85 298 o0 Mg JouS 900
o pgmtianS] Glosil )b > o1 ozl Jyans (sl oS!
Fors S S 5l dlse ol ol STl 3 o pa b il
Sglate sl ol I S g0 sl JB0oly [0] w8 oo s
o Dyne Cute el S &5 gl Mgi il o 63b5
e Sy 3l 000l b Gl uiine 4525 b B9) (2 ytoe Sl 55
JBly g gl wglp g (il Elgal wilo Sgye (55
1218 £ S (693U 598 4013 [F] 0l (oo S gy0e2 sl
293881 <SG 1 ) 2 48 sl g sl 28 438 g LS
29 g0 030l a1y ¥1 4525 (s (6595 Sl e S olya
4 &S 00 (oo MBI Ul 4 cundBlS gigd aods jobo
2 CunBlS Zly 1> aiisy o sy olousigisd sl STy
Sy e e 2Ty (gl b (5, 22l B2k 5l g 2
& Jbo > adiee olerdyind Gl sl (anis Cop b
Wilagoo (Bl yuil (igh 9 gd (o3 B pan (ST )3 logitine 295
2]y LeadBl sl 4l CandBlS 9598 Slge | (350 22 (V]
Sk, ol il O il Sogll oS Gl (gl isogs b
sloalbols 5 g8y CundBlgigs ol Iime (y29) 95 Joli
oS St SIoilebs g3 it (slyslo dnsdl &y some LtablS g3
ot 3 tloord Slo Sagll 5 g5 54 Lo slod 5 Wil oo
Gl > Wiy mdB1S g6 A0l3 imd il lgm g T 3
A yggsid ol (sladesl o T Slgo alesj) dlgo 51 oasg 0,5
5 (polie Sl 5 oy Jold) g )Sue daailsss)
JA-R] 25405 00lasin] 0 sE g puodlS 0gun Jiilo SIS piear
ool 1 adllas & 4 ol arh ple j) IS asdbigus

v

4

ale

33

_1%
i
3
]
As;'
1
3
V)
)
3
e
pa
=

Yory



=~

o

ale

35

W
i
9
]
',3§'
1
3
N
)
Bl
2

YOO

J5 Je by @ ROB (iS55 osle 056 cue cunUS b
s Bl a0 ¢ Ul 568 cls a0 RhB g 50 0
Egk ) )3 @ly )3.8)5 )18 (g 350 (SuddUS Sgdg3gm 9
g (pinen g Al ok 4 gl b g il glgel sl
Fow g ) damgd B85 (pl 5 Al py 55 0D (guy (S
» RhB o 55 &5 (Vb a4 (liwd sl canlio cunblS
5B o ol ldllan g liions yobul - T sl Jglona
il G gdgig 35 s9yp ZNO/GO S IS
SlaiiSTy palSin Ll > el 435,55 415 adllaa 3590 RHB
390 (SradBl8 gigw g (Bl 563 (gl ol 8l oolial b w55

85 )8 o g aslllas

25 Y

o3l g0 —Y-¥

(GO) 1,Lus1 o155 (Zn (CH,CO,),. 2H,0) (55, bl §
ol 5 (CH,OH) Jsie ) ZnO/GO cyjspels 5l bl (ol
4 (NaOH) s 5410 s 3l 5 sl P> sie 42 (H,0)
g sly (CHO) Jgbl 5l 9 J5 st > S pome i
59y 031 wis lgie 4 (CLH, CINLO,) B (ylsg 3l 5 )
sl 015 a5 T S yo _lans 8 55 31 g ples 15 o0l
Am3 o ot |, RhB (5 o e 5 sl | IS0

S jgpol il i V-
ohgy 4 BluST 818 5las Y clale L ZnO/GOCy jauelS 4l
saduie Jade 19,8 4Ll b (ggymnST Jw 03,5 odlal 5
ol Jslome sam Ay > a5 o3l Jgilie 4 (g9 il
ook g a8y Fe Gido 4y g A8l w4y L8] 31,5 )y
3 ] ety S5y 045 slans Jolome SO B A 0350n pambline
pPH & Jlo; U 035,5 d8lsl gu 5 4y ;Y50 ) dgw ¢ 0500y
Ogolyd zlaol Cow ddBy VO o 4 Jolowe i Vo 4y Jolono
dlsyo )3 85 )5 JymgkS Ve (uilS)8 g g Yer 08 L
oad odbol pgumilyrgen ¢ J5 oo azl )3 (0 Lol jglate 4y s
(537 1 lyn 6 05 00> s T 5 bl glsn b 5 S ol

H3C Rhodamine B

Chemical formula CyHy, CIN,O,
Maolar mass 497.02 g.mol!

Appearance Red to violet powder

&S w0 LS 3813 (g9, o plol Clalllas LASL oo 7 ko
S8 o ol 525 5 o 95 J sl g ole
Sl 813 ioluST VY] sl o Yhodle ol g3 (9l
Sl (oo GialaST (he) 9 bl & sy &5 il o0 3929 4 (g0
IVY] il ansly g5 sl 5 1) ST 5l Solie yolie

4 TiIO/CNT (slo CujapelSsl 51 [YF] )Sen 5 Zhang
o3l b s Sy B g 3, S 55 55 sl
Ol 53 idged duslie TIO, alld B L) dlols zolis g 45,8
ol o3l CNT ilizeo (glasio)d L TiO, cujouels” ;I 5usi>s
2oy il b 55 F 5 a8 ol i oel oy golis ¢
5,Sles bl g a0] 46 adllae ol )3 b oo 3900 CNT
Olire S5y 059 5o 4 (Bl 9308 (ho) 4 Cond sk
L1y opdyge oY [YO] o) Ken 5 Agarwal .ol aiily ol
Oigs opl 3 00,8 o5 MoS /MoS, clygil I eslail
odlistl lasbgiow 5 (olesdyish slo ALTE S5 > |
Lol S5 b5l 500 1y anl ) ccalisie bl ps cov g ol ord
Oaolyd zlgel oylojen sslitul oly HLis by Liolejl il o> ol
My VL o)l liome glo s 4y s a3
Wy 55,08 b 5l oolatwl L [YF] o) Ken g Taufik .3gs dlgs
Iy cundblggw o cmdblSgisd s Fe,0,/ZnO/CuO
bsh Olite coy56 jglate 4 & 305 (pl 3 g0 (o)
WS Cgolyd zlael sl 48,5 plodl CuO calises (sl oy
Shah .l aisls alie byl > ol )3 zlasl 4y cuns (6 5V
Oles 4 ZnO/Ce0, diwgy dw Slydgl I [YV] o) Ken o
9 Oyl glyel Co ueldg) S0 )3 gl e CundUl
2 b Sy plessly &8 ol LS guls Wages edlaiel yiail 8
leorbgign () & s 63Vl Shos Sl (olendeisd B9,
s el sla il S g st e g
2 pLl o e g Mo Laal )3 o5 LSl 4y (U g
9 powye o sl as b )3 sy (oYU Culis Kg
Blowss g osd plol YU (ol )i g Lod Lol s 3 9 JT (ol S
S o g Mgy SUplas sl

Jse 4 ZnO/GO  glacyjoelSsl ols imgh

B opeldgy S5y obewds Hlislo 1Y JSWS



Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

Degradation rate % = (C,-C)/(C,)* 100=(A -A)/(A,)x 100 (})

Al oo t loj 5o 3l e adgl Gl

@ g Cou-Y

oG oty duauiio —) Y

$3999590 9 (A1) Jlu 51V

05e3l b oadzis gl ond JSis clajl 5 (s ol
X-Ray (ilp gl ab (ow)n (XRD) (oS3l 9550 510
&N sl o 00y L ¥ S > ZnO/GO 3 GO ZnO
s a3 WY 5 1y bl S Sy il loxiao 56 XRD
JCPDS 36-) (59, 3035kl (oSN 5 At Z0O yalls
12 6586 GO gt 315 s 3001 ) 1238 e ceillns (1425
o S il g @ )8 Zn0 il lo S 2l 4l 503,
ol cpl &8 s saalie XRD (slagSl 3 0)S (sl 45657 iy
Lasio [Y4] 395 o 586 o] Cigel ,l5Ls 5 GOyl 1oy
2 XRD (slagSI 5l odlatnl b ods s lyd (sl Jbiwg S 030
[¥ ]l oy (Yalslao) i alolao (gliso

D= (K %)/ (B Cosb) v)
13 wouiSle Y csligg B Jliws,S o)l Lawgia D oY dslea >
Jio sy 4 0 5l (- AY) )b dholae CB K ¢ gli5)) s
S ;S 03l doleo oyl 3l oolaiinl b sl oo X dnidl asglj 9 z g0
#ogil VA o VY iy 4 ZnO/GO 4 ZnO alb el sl
o5l Lawgio o olis X-Ray ilp zobs el sty dgwlxe
Ji a5 il (o halS (o8 Jlade 4 GO jgua> 15 S b S
(o Cejopels ged 9y 0 C-O-Zn (asign (655 S5 1l
LYV 395 (om0l o] ial3l 5 i, 2y 5 ilo 45" 0l
Cawd (pl (gl b S 030l ST 48,5 (850l Cunlo &y a5

\”u.hododlwb Sguw) <Le(u| » )9):uw)l JAK )910 & C.Iaw
0,8 Suis oS il s A gl o el

2L aasio -Y-Y
Ju}JUTm@QW9&uwdlxom;@duaw
JSis sl ¢ S0 y5k (e (el yglate d0.08)5 )15 45SsS
(XRD) (S5l 532 ol (19031 51 o igas Jitaw 873151 0
Jlos (sl (SEM) oy (558Ul oo8ng Suo 10l oalil
5 ol b (A odlatul 3 ojlul g S Lo (Gelsd)5e
Fagigdy Sl ol b s Cond Bl g3 2 BIS g3 985900 oo

1 ol UV-Vis

halos] g, €Y
P e & il 5598 5 (il gigu 3Slos sla (tule]
5 plol a8 e ol SEUT g Siigul gl ) Ugen
298 3l g5 B 4595 2yl > STy jl cdadloxe (l (piomen
B 59350 Cullad b ookl b Liolejl 13 ) olw
Olsie & RhB 5y o560 jl eslazwl b ZnO/GO <l ydgil
o Jold (2Balefl Lalpd 85 8 oy 3050 Y]
£ o Vo 5y Jplome gl ke i Lo Ve o Jplone
Voo G5 08 8 Lo ofoF oS B yme e o2
PSSR B b 45 L5 > [ymelS Ve (il 5 9
@3 9 ol Jolad jl lirebl (gl g0l g il B slagy
Zo> b 0050 4By Ve e 4y S0 Lae G 0 Jslos
Alold%l Sauis 5l 5 Gl Lo Juolgh 53 45903 J 2l o ¥
4 (52ogl OV+) i gge Jsb woujSlo 2 RMB Gl s 03
)I ool b G yS0 E P g aSuie )M9J939)45\w)‘ olKuwd 41»»9

IYA] 05 dolro ) dslao

Zn0O-GO

Sl g S

S|

| oo

10 15 20 25 30 35 40

(429) P 4293

0 55 60 65 70 75 80

Zn0/GO 5 GO ZnO sl X-Ray il slasSl ¥ JSud

v

4

ale

33

_1%
i
3
]
As;'
1
3
V)
)
3
2
pa
=

\(A\rg



=~

4

ol

35

Sl 5o

o
3
"

b8 9580

(YY) YO oo sl i

Yovy

5585 43 sy sl iy 5 0l s (S 380y el 5
Oy Conols izman [VF] 0l 2018 Job 53 0pin 4]l
ol 1y ol i Llgy oo ye5 ol ad (oI5l 13 GO oxdaws
Ozl 2> S (6)98 el ) (sere B (pgewly S
o w5l GBS b Spes e (gig bws paw sl
b9 (oo tiS raw Ggeudly (uligs) ooy cpl 4 & g
Osewdls LA cle & e Ols ud ¢ S8LS bS5 g3
gb&@u»&))d%b&aﬁglwwl)ﬁlﬂu
ZnO | auslis ;> ZnO/GO Cls ) Sl ol als [Y0] 544
2l 0 GO §Zn0 (yulo (olosd (598 sl Lgm Jd> 4 als
SHZnO/GO lacy jauelS 41l &S iy o L gulis ) [YF]
4l )3 (bl giges g U 398 Cld el py 2V el

P Sy g di])3
Aslee jloslawl b cl)d 8 Wb lude (ol dgib Cds cab 4 a5 L

[YV] A (68 o5l ¥
(chv)’=B (hv-E) v
)IJ..OA Eg ¢ uy}ﬁ d)))‘ hv ‘d)y. u» w).ao o & dbles »
oA e Syl CELL Hlade il o dilee cull B 5 LS
e jehailan ui 03 e (hv) blae 3 (0hv) &b puy b
b sy 5l oligp b o8 Sl jlade gl e sdalie 0 S5
95 Slallas ol ogde b alone (5551 Hoome 4 il
Ol & Zn0 Hidle ) 0,5 sl 455 jels aS Lol lis
Lo UG o [YA] cuwl odly Lials 1y Sl jlde (g pSouia
o5 Cul Al 12l VD 4 ¥ I CSub polie GO (3458
M55 93 O (LSl 3l o S (58 315 Ol 4 S sl
o oS Bl G & pri o5 1S o sln) B 5 il
cullad wily (0 ZnO/GO (sla o joualSgil (ol b [YA] dgui
s 355 dulio 3 6 5V B g 5 el 555

By A

SEM MAG: 50.0 kx
WO: 490 mm B 7.00
View field: 4.15 pm  Date{midly): 0801118

700 ity S 051 s L3 cymas 41 4 35 3,8 &S )
clls > Iy S 05115 aly 3 el o dpulxa ZNO/GO
s SoreST Sl Jli S 41 by po bidee Zn0/GO cpjgrels
S o153 55 g e 5 S slo S 5 3L
Ll 045

sSwgySee L3 ojluil g Lile (gisledyse (s slaie 4
55 SEM gl ¥ S 5 ozl (SEM) gy g il
ZnO Ll cldgl () ¥ JSs dad o LS 1) ol jiia
ol 1y gl 0 (pSilie ojlil 5 JUgS1Sa (g sl b
FLS 18 Jh S g b o b g b om0
155l YL Il S > Sl altas ) g sl o1Lito
o ol |y O (Ggledy90 5 GO S () ¥ JSKS il (o0 003
oo i Mol GO (gl dmin jlidlo cpglal 4 dogi bt
Sl 50 g s ] 5 o 550 sla 095 131
ZnAc 5 GO Susly, pin Zn* Cls sla)Sd) laie 4
S ysbgl (ool ylis b s Sis Gl s 9 A5 o Jos
S gk & YY) 098 (o Cun g LSS gl (g9 52 ZDO
5l p ol sdmliie il pusi 5 by ol dls Cawl 02ld sy
5 GO-O-Zn (3081 sl JB (525 S5 e @ (s55lo3)50
IIV] 08k oo s (555 2 (25515 olo3 Sl

UV-VIS Cds b -Y-3)-Y
ol jiw &l (6y9 Jl8y wyy sl UV-Visible cldllas
Zn0O/ § GO ZnO o cuJblS UV-Vis Cls cals .0 plool
ZnO GO o wis odalie .Cuwl i 02> lis ¥ S ;0 GO
SYPOYD: )3 (g8 o S Sy e 5 4. Zn0/GO o jglS'y
0B ZnO b auwslio ;3 ZnO/GO (slos j5u0l8 .5 )5 yogil YA
W0l L a5 5l Sye g iail 8 Al g0 & )0 o0 il g ol
sb Gl S0 oS dad o inlial]y o5 Ol s GO jguis

'

Det: InBeam Ll MIRA3 TESCAN|
BI: 7.00
View field: 4.15 ym  Date{m/dly): 080119 MRC FESEM

ZnO/GO (o 5 ZnO (il &gl s gy ogSs Sn ppslias ¥ JSUS



Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

Gl Sty bole 3 JeuSgpae o JB03l, Mg
CanlBlS S5 a8 e 5 olo S o pye JUi
L3y Gk jlgle » wbW Gl g Sogul il lsel lawgs
Sy 3 [FF] opd (o0 ©ygo b ClagSe (23L9)5
Wiy (Setiew dblas Sy bawg Wy o whaw 59, » RB
[¥0] 255 e (F dolee) Jgl

In(C,/C) = Kt (%)
b gl cble C o (55) ool adgl clale C) o ablao )
(min) iSly <ol 25 Koy guame Gl oloj S5 > ()
@l 1y b olej 9 LN(C/C) oy sy ¥ S 45, o
oo odalin &S job len aad o L ZnO/GO  cunblS
Gl b e alaly (R?)  Stisod copd pdlie dog b g
3929 )5S (279 @l g Jol 450 (St dles (g0 05>
Jol 45 pe (St dlre I o 55 A1 3 (69 )Slo a5 3l
(K) 28Ty ol &5 ,S0ko loges 5l odel oy o A3L oo
sly bl cnl sl b CadllS (o0 50 Cools Jlas
@ Candbl 558 5 Cansdll g (Cand i Ggdgigm (sla
099y oplply el Candy +feoBY g /oD of oo VY L
oYL bl (s cls 9o b awwlie )3 Bl 59853 gm
Iy s Wuld VL Ll g Sl e cud
il e

g 55 il YY"
byl 315 90 oy ) (6550 BB bawlg ds y3 Bl 8 0] 1
Sipl pgisd Gl bl s (pdy md 0 E) Colia g
Syl 515 51 09 g el 35l S5l S5 L sl

w— I

w— In0/GO

(exhv)?

2 22 24 26 28 3 32 34 36 38 4
(=3 09 S1) 5 2L

ZnO/GO 4 ZnO &gl Sl Hlaie dusloee 10 JSWd

0.8

0.6

ia

0.4

0.2

55 W8 V-
9 Rl glpel b cov RhB SOy cops F S
5 Gedllggw (udllgigd b aw | wgalp
@ JSS ol a8 jehailen ans o (Ui (UL 9598955
VL )55 Zn0/GO canbls il olg o s>
Slaw a8 gysb 4 cunl sl cdls dw ya > Zn0 & Cans
iy aly oy dopd AN 5 AD FA dgas b adds VAL
@ (Bl 58959 § (Bl gigu0 ¢ U8 9598 b 4
Gde cpmed (b Zn0 cunllS oS Jls jo el 039l 3934
0ol ol il 1y oyt o> FF 9 OF X Cuip
Z00 bS5 00 syl cela oyis 5 ons a5l (sl
Sy S0sSe bo)ligd S5 4 blod 6y58 i auld b
Sloj Jio ol b [¥+] g o 3,80ee alS & joxie oS
Mo gl oSl Ly o CujanelS LS5 GO 3 ZnO o
bls GO YL 680 colan o Zn0 & by yo o
sl oyin — 0 SIS )5 5l 9 05l GO oo & Jlanl &
Ggolyp glgel man [FV] 395 o 65l 00 4l
555 5 2> RIB la JoSlo > l30 > ot B 0
> (oo hall Ggelgls ony Bk I Jl, sl
londgige Al 8l Jols sl ayo glsel 5l (23U 55,1 [¥Y]
slo (1Slg ploxl g RIB. oui¥lgsS (glatign (fiusid corga
> & (B gigdgigm dial )3 cnlpl [¥F] 298 0 (oliond
oRIPl Gpomen 5 2Sly o S0, i @S SO
by Wl 4 Cond g 3 Sles Cadilggd b aw
oS 55 o Ol 3l 1S igms g Bl 545 B
G5 e 51 il Y &y ConlBlS g 5 CanllS i

- GO
= In0
= In0/GO

200 250 300 350 400 450 200 550 600 650 700
(Fasil) 30 Jyb
Zn0/GO 3 GO ZnO &gl UV-Vis s cab £ JSui

v

4

ale

33

_1%
i
3
]
As;'
1
3
V)
)
3
e
pa
=

YOYA



=~

o

ol

35

W
i
9
]
',3§'
1
3
N
)
Bl
2

Yor4

5 a2 dy5e a8 S dw gl Jb b ol Sy
Gobio Jeuiliy (V) of GlS 5 (6531 B (puoiige (1) 13,55
0923 0k saels (VL S0 (V) g cud )b g il slajlys
Jo Glp aS Sla gy ales 51 [¥A] iile) 5 cud )l slalgs
5 s polis b an YTl sl ole 59 (oo )l & St
slo Bl 405 b (05" oS cdaw obond Mol (315 8
0] gl siloplus 9 5Sa s 5551 S )l
Sl (2l) 0 oy olesdgigw b anlE lal 5 4l
Gy 5y 2l) arn) @5 JKB ds o aw 1S5 Jols oS
& g Al ye Cole )3 5 wSTpmblasl gl 0 (b
ol ol SLSL (ibgys [0V] wil (e (5] i 350)
sla)lis 5 0ve e Koo YU slalod &y yomio (adgo yobo
25158 o YU jLid g Lod ol g o Voo v Atm dga> 3L
Sy Sl (slo 65 g am 0 5 o olerdgise
laole shedsie )5 55 [0V] 36 o (H,.OH,.00H)
e Il A 4 b dblusl g oST5 a s cptin b
ol b il o b Cling,Sie opl alS o Ay laoce
g oxle (L jlub o515 5 blusl 482 (pain (b pasuie
92 Sye glyel U8 Sl > winS ady (S il &8 Slej
oy S Cul odly L b o [OV] Lgd yoate g di,
2 oyl s ) Sabl S g 3413 5 losz V]
il 3 Loy &5 39550 s (bl CenllS
o 4y JB pluiseggigw g b blE (5)95 ol alis
Lo )3 odd Dbl sl Clog,Sio Eb LIS (6)55 > @
Sl 30, el Gl 4y b 4SS & ks 1,0 Sanl
ol gaw S35 aljed> oy 58y pln S (o Iy

4
[e)
R? = 0.9903
35 © Sonophotocatalytic k=0.0220 4
O Senocatalytic k=0.0105 /
3 0
& Photacatalytic k=0.0053
25
%) (o]
=
Z 3 R? = 0.9982
=‘ /
- Pl
15 A
e
- R = 0.9909
0O &
) o o
0.5 s <&
% &
et
r/-
==
0 30 60 2 120 150 180
(adds)ole;

Zn0/GO e 3lial L RB S5, o0le g 156 Satis Joo 3V JSou

(7) w55 200 3

] 88 (o olol |y oy 3050l 25 5 005 colin jly &
Ly (50 699 2930 o 4 oy 5 09 Sl I ool
oxs s Jod 5 J claigs Lila] b LialS cams
4 OS] dame jhues] Cot igd (o0 5930 daw ()
o128 03l 35 53], 5 03,8 os b g5 05,8 lsic
oS 3o ) (e & A0 Mg JSg)he
90,5 o 09 ySlloaimd 4igS | 93Ul o 4 02 lae
G M b T e Gl Lasea (51038 o aauST ], ]
23 dg2se S 9yam 09,5 b Ol oy Wbl oS5 0m 095

I¥V] S oo bt oS )0 SIS0y 41 1) 595U o
Jelse il 9 b b sl slaw 5 (531 SIS ogMe
Cond B 9593 odlo I cawlio 035b 4 (olitod )3 (65l (St
Gl glie o sdlse 4 ol o ol dlex Sl s i
oy STy deaif Gl St b Jsl il ed3b )9
STy Jgome sobody )8 o)l (rdaw uSly Saliad 5 o
@ 0l5 o ) oSenl sl b5 ) U558 sl
ol (1) ol (K50l (V) g i (V) Jols by
sl pusly (8) (oo Lol la iy (F) oL Jusl
S e 5l S ol (08 3L (7) (Pl (ygpslins]
o (ool al> o ds &y Gl (o0 55 1y Al ye D (pl )8
(V9 ) Jolpe) oad oali sl 959 Qo (ill) 2257 o
slayl (2,5 <S58 (g) 5 (F5 ¥ o) Sl JWT 5 ol ()
YA (0 5 ¥ Jolpe) (udblgigd (slo sy p> (xdaw
929 4 sl i (998l zg5 yul &5 a0 (o (LS Ollllae
ol g (oo B 5 S B3l S (SIS 5l g 0]
b iiSly puin Gadb5ss 03k (39 ol e g5
bl calos jghaie 4l bloy dos b p (bl 9598

[EHT AN Cond G gigu CodUE Ggdgign
5wl gow (il gig b aw » RhB &5y copo 1 UKW
S B 5B 39



Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

oo slo by lye 4 (695 g g (5)95Ib ggh
1ol D9 (oo Sl b oau Y] abar la a3 )
prlSe Wlan B g puailSo Xygl cpl (e
B g 318 5 45 Sglis ol b el 2B 550
(2 0355 5o Jsb L )9 Mg 41 poeie (Fgo (smliglS oy
55 Ml Bl Bl cld cly (o5p5) pie 45 g
(sradBlS g g Ul 558 (gl uilSa 3l o3litsl L 01y
GYolee jd (diSTly Gygo a4 g A JSS 0 Solows Ciygo &

[0 ol oas o2l ol (VW) b (d)

Catalyst+ UV or US - h" +¢” (@)
¢ + Dye — Reduction *)
h* + Dye — Oxidation (V)
h*+H,0 — eOH + H* )
e+0,— 07 @)
H"+0,— HO, (V)
2H,0° + 2¢ + 2H" — H,0, +2H, (")
H,0,+e — OH +*OH (Y)
Dye + *OH — Degradation (\Y)
S5 dois €

L ROB oxiy¥1 (o 55 a0l)8 500 2 5503 caallla (ol o
5 ooliel Al e U giges 5 B 53gh sl SKuiSS
JSts o & bl g8 wlj3 US55 obendgiow (b,
&l > 2l oy enny b ) JeSo)e sl B0,
CandBS s 5 1y 00 YT gln JsSUge a8l camd o il
S o gt 04 355 3031 (sla SIS0 aliasg 0,9 55 5l
Sl gl RhB (4555, oole (oland o5 jolaio &
Hinle ud sbaasuie ¢ siw J5 Jw gbgy 4 Zn0O/GO
o3lil g ub sdalie JUSTSe Gygo 4 g a9 L )

Z

OH OH:

OH
Ultrasonic
Wave - "/

Hotspot

5000 k
1000 atm

0,18 wile g Y Hluw o po Ly 0 Sl lacls (o0l
st gly 3 [OF] 455 oo 0kiST,y g 1|y ol 5 005 oo
2y adl Rl (Keal b ) 5 SeS b ole
L) YU jlis g oyl o pd b iiSTy sl colu dliss dons
slo Jooly g Qi) 4 e o5 il o Gl (¢
JFoad sbml HyO, ol ogde [00] 398 (oo JouS'gyde0
3081 ol ) 6y 305 2lg5 oo OH sl JISa]
|y s 0¥ Gl s 5 418 g8 CnndllS alauly 4y o8
o8] amy ols58l

&loel (i oy Sl )3 98 sLaml pilaiseglgigw ondy o
Bl 5 S5 g )l osl ly 45 2l o Dpol)d
2 Gl dagd BB )65 93 b bdes oy ol o0 odaliie
S osly (S 55l puliieglgion g Lite Jgl (5)95
oo gl oy o Ole Sl p Jib o el 1y o]
Ooge & uluisaglsise ped (6)55 (bl Ll e
S ileioglgign Bl oo BT 590 Ll s )3 ()l
adl 5l ise dler jl zge Jsbo 5l gl 0008 s il
oiluizeglgigw jload gbls UV 55 [0V] cunl idty glgle
& A8 b Ggolyd il cod ) Bl des @l)dgil Wlgs o
sl sl a il (65, b o g Jobo cl )55 0 ()le
S (S Sl col abls) dos cud )bl 55 d92se
=09yl (ool dlass aomt (3 &S g (o il g 4 s
S 455 Ll 09801 095 (o0 Wi Loy o s )3 0
Ul v g9y 2 oad > O, wile (98Il o8k
i oo iS5 |yt g 590 sl SIS0l 5 00l STy
0ol 5 ol SlRJsSge L ons sl (slaoji> 1Sy opizeen
JeS gy gla Jool) il (raw Clo JuuSg)an sl
[OA] 55 o 155 ),

b gy ) adpie OgeeliST @ gy elpl

A .
V d Light 0,
< =
O @
07
©

DO 0O
Q Conduction Band O Reduction

Band Gap

v
@ Valence Band @ Oxidation
Oo e C i Ol
"

OH

Bl ighsiges 55 4315 Sl AA S

v

4

ale

33

_1%
i
3
]
As;'
1
3
V)
)
3
2
pa
=




.

o

35

W
i
3
]
"3§'
1
3
N
)
Bl
2

Yor

éé‘).o -0
[1] A. Samiee Beyragh, M. Varsei, M. Meshkini, A.
Khodadadi Darban, E. Gholami, Kinetics and Adsorp-
tion Isotherms Study of Cyanide Removal from Gold
Processing Wastewater Using Natural and Impregnat-
ed Zeolites, Iranian Journal of Chemistry and Chemi-
cal Engineering (IJCCE), 37 (2018) 139-149.
[2] A. Ahmad, S.H. Mohd-Setapar, C.S. Chuong, A.
Khatoon, W.A. Wani, R. Kumar, M. Rafatullah, Recent
advances in new generation dye removal technologies:
novel search for approaches to reprocess wastewater,
RSC advances, 5 (2015) 30801-30818.
[3] H.A. Aziz, A. Amr, S. Salem, Advanced Oxidation
Processes (AOPs) in Water and Wastewater Treatment,
IGI Global, 2018.
[4] Y. Deng, R. Zhao, Advanced oxidation processes
(AOPs) in wastewater treatment, Current Pollution
Reports, 1 (2015) 167-176.
[5S] M.A. Oturan, J.-J. Aaron, Advanced oxidation pro-
cesses in water/wastewater treatment: principles and
applications. A review, Critical Reviews in Environ-
mental Science and Technology, 44 (2014) 2577-2641.
[6] C. Lops, A. Ancona, K. Di Cesare, B. Dumontel, N.
Garino, G. Canavese, S. Hérnandez, V. Cauda, Sono-
photocatalytic degradation mechanisms of Rhodamine
B dye via radicals generation by micro-and nano-parti-
cles of ZnO, Applied Catalysis B: Environmental, 243
(2019) 629-640.
[7] W. Liu, Catalyst technology development from
macro-, micro-down to nano-scale, China Particuol-
ogy, 3 (2005) 383-394.
[8] U.G. Akpan, B.H. Hameed, Parameters affecting
the photocatalytic degradation of dyes using TiO,-
based photocatalysts: a review, Journal of hazardous
materials, 170 (2009) 520-529.
[9] D. Chen, A K. Ray, Removal of toxic metal ions
from wastewater by semiconductor photocatalysis,
Chemical Engineering Science, 56 (2001) 1561-1570.
[10] A. Khataee, S. Saadi, B. Vahid, S.W. Joo, So-
nochemical synthesis of holmium doped zinc oxide
nanoparticles: characterization, sonocatalysis of reac-
tive orange 29 and kinetic study, Journal of industrial
and engineering chemistry, 35 (2016) 167-176.
[11] Y.G. Adewuyi, Sonochemistry: environmental

0jl8l 5 ol VA LSSl axdsl 51 edlatwl b ladiges  Jliws S
Foglh B dga> (Lagy (J9 Sl gy e S8 4y )
sl b b awlis bl ggdgiow Julyd el cussy
s 6V 3 Shae 5 g 55 IS i 5 (S i
B8 5353000 11135 o ZNO/GO cauBlS oS (55 &
sl gy oS s )3 0yl 3939 4 1y oS5 doyd A dgas
)5S Mo A g FA i 4y (B g g (LTS 9395
GBS &S W asuie (Suitaw Gladllas j3 piren Wil 1)
el (g0 S sl 4o dlee St I B 559853500



Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

science and engineering applications, Industrial & En-
gineering Chemistry Research, 40 (2001) 4681-4715.

[12] M. Zargazi, M.H. Entezari, Sonochemical versus
hydrothermal synthesis of bismuth tungstate nano-
structures: Photocatalytic, sonocatalytic and sonopho-
tocatalytic activities, Ultrasonics Sonochemistry, 51
(2019) 1-11.

[13] S.-N. Nam, S.-K. Han, J.-W. Kang, H. Choi, Ki-
netics and mechanisms of the sonolytic destruction
of non-volatile organic compounds: investigation
of the sonochemical reaction zone using several OH
monitoring techniques, Ultrasonics sonochemistry, 10
(2003) 139-147.

[14] N. Ince, G. Tezcanli, R. Belen, I.G. Apikyan, Ul-
trasound as a catalyzer of aqueous reaction systems:
the state of the art and environmental applications, Ap-
plied Catalysis B: Environmental, 29 (2001) 167-176.
[15] P. Chowdhury, T. Viraraghavan, Sonochemical
degradation of chlorinated organic compounds, phe-
nolic compounds and organic dyes—a review, Science
of the total environment, 407 (2009) 2474-2492.

[16] A. Khataee, A. Karimi, S. Arefi-Oskoui, R.D.C.
Soltani, Y. Hanifehpour, B. Soltani, S.W. Joo, Sono-
chemical synthesis of Pr-doped ZnO nanoparticles for
sonocatalytic degradation of Acid Red 17, Ultrasonics
sonochemistry, 22 (2015) 371-381.

[17] C. Berberidou, I. Poulios, N. Xekoukoulotakis,
D. Mantzavinos, Sonolytic, photocatalytic and sono-
photocatalytic degradation of malachite green in aque-
ous solutions, Applied Catalysis B: Environmental, 74
(2007) 63-72.

[18] R. Mahdavi, S.S.A. Talesh, Enhancement of ultra-
sound-assisted degradation of Eosin B in the presence
of nanoparticles of ZnO as sonocatalyst, Ultrasonics
sonochemistry, 51 (2019) 230-240.

[19] X. Xiong, B. Wang, W. Zhu, K. Tian, H. Zhang, A
Review on Ultrasonic Catalytic Microbubbles Ozona-
tion Processes: Properties, Hydroxyl Radicals Genera-
tion Pathway and Potential in Application, Catalysts,
9(2019) 10.

[20] S. Alias, A. Ismail, A. Mohamad, Effect of pH on
ZnO nanoparticle properties synthesized by sol-gel
centrifugation, Journal of Alloys and Compounds, 499
(2010) 231-237.

[21] 1. Udom, M.K. Ram, E.K. Stefanakos, A.F. Hepp,

D.Y. Goswami, One dimensional-ZnO nanostructures:
synthesis, properties and environmental applications,
Materials science in semiconductor processing, 16
(2013) 2070-2083.

[22] J.L. Delgado, M.A. Herranz, N. Martin, The na-
no-forms of carbon, Journal of Materials Chemistry,
18 (2008) 1417-1426.

[23] Q. Xiang, J. Yu, M. Jaroniec, Enhanced photo-
catalytic H 2-production activity of graphene-modified
titania nanosheets, Nanoscale, 3 (2011) 3670-3678.
[24] K. Zhang, F.J. Zhang, M.L. Chen, W.C. Oh, Com-
parison of catalytic activities for photocatalytic and
sonocatalytic degradation of methylene blue in pres-
ent of anatase TIO2—CNT catalysts, Ultrasonics sono-
chemistry, 18 (2011) 765-772.

[25] S. Agarwal, 1. Tyagi, V.K. Gupta, A. Fakhri, S.
Shahidi, Sonocatalytic, sonophotocatalytic and photo-
catalytic degradation of morphine using molybdenum
trioxide and molybdenum disulfide nanoparticles pho-
tocatalyst, Journal of Molecular Liquids, 225 (2017)
95-100.

[26] A. Taufik, R. Saleh, Comparison of catalytic ac-
tivities for photocatalytic and sonocatalytic degrada-
tion of organic dye in the presence of ternary Fe304/
ZnO/CuO magnetic heteregenous nanocatalyst, in:
AIP Conference Proceedings, AIP Publishing LLC,
2016, pp. 020088.

[27] N. Shah, K. Bhangaonkar, D.V. Pinjari, S.T.
Mhaske, Ultrasound and conventional synthesis of
Ce02/ZnO Nanocomposites and their application in
the photocatalytic degradation of Rhodamine B dye,
Journal of Advances in Nanomaterials, 2 (2017) 133-
145.

[28] K. Zatloukalové, L. Obalova, K. Ko¢i, L. Capek,
Z. Matgj, H. gnajdhaufové, J. Ryczkowski, G. Stowik,
Photocatalytic degradation of endocrine disruptor
compounds in water over immobilized TiO2 photo-
catalysts, Iranian Journal of Chemistry and Chemical
Engineering (IJCCE), 36 (2017) 29-38.

[29]Y. Zhang, C. Pan, TiO 2/graphene composite from
thermal reaction of graphene oxide and its photocata-
lytic activity in visible light, Journal of Materials Sci-
ence, 46 (2011) 2622-2626.

[30] H. Tavakoli, M.R. SARRAF, A. ZAREI, In-

verse Co-precipitation Synthesis of Copper Chromite

v

4

33

_1%
i
3
]
As;'
1
3
V)
)
3
e
pa
=

YOYY



=~

o

35

W
i
9
]
',3§'
1
3
N
)
Bl
2

Yovy

Nanoparticles, (2016).

[31] N. Raghavan, S. Thangavel, G. Venugopal, En-
hanced photocatalytic degradation of methylene blue
by reduced graphene-oxide/titanium dioxide/zinc
oxide ternary nanocomposites, Materials Science in
Semiconductor Processing, 30 (2015) 321-329.

[32] S. Archana, K.Y. Kumar, B. Jayanna, S. Olivera,
A. Anand, M. Prashanth, H. Muralidhara, Versatile
graphene oxide decorated by star shaped zinc oxide
nanocomposites with superior adsorption capacity and
antimicrobial activity, Journal of Science: Advanced
Materials and Devices, 3 (2018) 167-174.

[33] Y.-J. Li, C.-Y. Wang, M.-Y. Lu, K.-M. Li, L.-J.
Chen, Electrodeposited hexagonal ringlike superstruc-
tures composed of hexagonal Co-doped ZnO nanorods
with optical tuning and high-temperature ferromag-
netic properties, Crystal Growth and Design, 8 (2008)
2598-2602.

[34] L. Wu, H. Chu, W. Koh, E. Li, Highly sensitive
graphene biosensors based on surface plasmon reso-
nance, Optics express, 18 (2010) 14395-14400.

[35]J. Wu, X. Shen, L. Jiang, K. Wang, K. Chen, Sol-
vothermal synthesis and characterization of sandwich-
like graphene/ZnO nanocomposites. Applied Surface
Science, 256(2010) 2826-2830.

[36] Y. Bu, Z. Chen, W. Li, B. Hou, Highly efficient
photocatalytic performance of graphene—ZnO quasi-
shell-core composite material, ACS applied materials
& interfaces, 5 (2013) 12361-12368.

[37] H. Maimaitizi, A. Abulizi, K. Kadeer, D. Talifu,
Y. Tursun, In situ synthesis of Pt and N co-doped hol-
low hierarchical BiOCl microsphere as an efficient
photocatalyst for organic pollutant degradation and
photocatalytic CO2 reduction, Applied Surface Sci-
ence, 502 (2020) 144083.

[38] Z. Wu, H. Zhong, X. Yuan, H. Wang, L. Wang, X.
Chen, G. Zeng, Y. Wu, Adsorptive removal of methy-
lene blue by rhamnolipid-functionalized graphene ox-
ide from wastewater, Water research, 67 (2014) 330-
344.

[39] R. Mahdavi, S.S.A. Talesh, Sol-gel synthesis,
structural and enhanced photocatalytic performance of
Al doped ZnO nanoparticles, Advanced Powder Tech-
nology, 28 (2017) 1418-1425.

[40] S. Saqlain, B.J. Cha, S.Y. Kim, T.K. Ahn, C. Park,

J.-M. Oh, E.C. Jeong, H.O. Seo, Y.D. Kim, Visible
light-responsive Fe-loaded TiO, photocatalysts for

total oxidation of acetaldehyde: Fundamental studies
towards large-scale production and applications, Ap-
plied Surface Science, 505 (2020) 144160.

[41] O. Giiler, C. Yavuz, O. Basgoz, S. Altin, 1.S. Ya-
hia, Effect of carbon nanotubes/graphene nanoplates
hybrid to ZnO matrix: production, electrical and opti-
cal properties of nanocomposite, Journal of Materials
Science: Materials in Electronics, 31 (2020) 3184-
3196.

[42] Y. Wu, L. Song, S. Zhang, X. Wu, S. Zhang, H.
Tian, J. Ye, Sonocatalytic performance of AgBr in the
degradation of organic dyes in aqueous solution, Ca-
talysis Communications, 37 (2013) 14-18.

[43] R. Mahdavi, S.S.A. Talesh, The effect of ultra-
sonic irradiation on the structure, morphology and
photocatalytic performance of ZnO nanoparticles by
sol-gel method, Ultrasonics Sonochemistry, 39 (2017)
504-510.

[44] M.P. Rayaroth, U.K. Aravind, C.T. Aravindaku-
mar, Degradation of pharmaceuticals by ultrasound-
based advanced oxidation process, Environmental
Chemistry Letters, 14 (2016) 259-290.

[45] M. Sabonian, K. Mahanpoor, Optimization of
Photocatalytic Reduction of Cr (VI) in Water with
Nano ZnO/Todorokite as a Catalyst: Using Taguchi
Experimental Design, Iran. J. Chem. Chem. Eng. Re-
search Article Vol, 38 (2019).

[46] R. Mohamed, D. McKinney, W. Sigmund, En-
hanced nanocatalysts, Materials Science and Engi-
neering: R: Reports, 73 (2012) 1-13.

[47] D. Chen, S. Chen, H. Quan, Z. Huang, L. Lu, X.
Luo, L. Guo, Synergetic effects of W6+ doping and
Au modification on the photocatalytic performance of
mesoporous TiO, clusters, Advanced Powder Technol-
ogy, 26 (2015) 1590-1596.

[48] A. Khataee, M.-N. Pons, O. Zahraa, Photocata-
lytic degradation of three azo dyes using immobilized
TiO, nanoparticles on glass plates activated by UV
light irradiation: Influence of dye molecular structure,
Journal of Hazardous Materials, 168 (2009) 451-457.
[49] H.J. Lee, J.H. Kim, S.S. Park, S.S. Hong, G.D.
Lee, Degradation kinetics for photocatalytic reaction
of methyl orange over Al-doped ZnO nanoparticles,



Baelagy 61353, oale w35 g2 ZNO/GO &) 53018 31 (Fiaslils 55 68 55 gt 42l 93 (o) 12 § (2L deddiadio  ilau

Journal of Industrial and Engineering Chemistry, 25
(2015) 199-206.

[50] W. Zhang, L. Zou, L. Wang, Photocatalytic TiO2/
adsorbent nanocomposites prepared via wet chemical
impregnation for wastewater treatment: A review, Ap-
plied Catalysis A: General, 371 (2009) 1-9.

[51] S. Ziembowicz, M. Kida, P. Koszelnik, Sono-
chemical formation of hydrogen peroxide, in: Multi-
disciplinary Digital Publishing Institute Proceedings,
2017, pp. 188.

[52] I. Tzanakis, G. Lebon, D. Eskin, K. Pericleous,
Investigation of the factors influencing cavitation in-
tensity during the ultrasonic treatment of molten alu-
minium, Materials & Design, 90 (2016) 979-983.

[53] H. Zhao, G. Zhang, Q. Zhang, MnO2/CeO2 for
catalytic ultrasonic degradation of methyl orange, Ul-
trasonics sonochemistry, 21 (2014) 991-996.

[54] Y. Xu, S. Jin, H. Xu, A. Nagai, D. Jiang, Con-
jugated microporous polymers: design, synthesis and
application. Chemical Society Reviews, 42 (2013)
8012-8031.

[55] A. Khataee, S. Arefi-Oskoui, A. Karimi, M. Fa-
thinia, Y. Hanifehpour, S.W. Joo, Sonocatalysis of a
sulfa drug using neodymium-doped lead selenide
nanoparticles, Ultrasonics Sonochemistry, 27 (2015)
345-358.

[56] A. Khataee, S. Arefi-Oskoui, A. Karimi, M. Fa-
thinia, Y. Hanifehpour, S.W. Joo, Sonocatalysis of a
sulfa drug using neodymium-doped lead selenide
nanoparticles, Ultrasonics Sonochemistry, 27 (2015)
345-358.

[57] L.H. Thompson, L. Doraiswamy, Sonochemistry:
science and engineering, Industrial & Engineering
Chemistry Research, 38 (1999) 1215-1249.

[58] M. Zhou, H. Yang, T. Xian, R. Li, H. Zhang, X.
Wang, Sonocatalytic degradation of RhB over Lu-
FeO3 particles under ultrasonic irradiation, Journal of
hazardous materials, 289 (2015) 149-157.

[59] A.A. Tsari, M. Mehregan, S. Mehregan, F. Hayati,
R.R. Kalantary, B. Kakavandi, Sono-photocatalytic
degradation of tetracycline and pharmaceutical waste-
water using WO,/CNT heterojunction nanocomposite
under US and visible light irradiations: A novel hybrid
system, Journal of Hazardous Materials, 390 (2020)
122050.

v

4

33

_1%
i
3
]
As;'
1
3
V)
)
3
2
pa
=

YOYY



