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Abstract

Until now, various chemical treatments (oxidation and electrochemical Received: 27 August 2022
destruction), biological treatments (microbial cultures and anaerobic Accepted: 14 January 2023
bioremediation systems) and physical treatments (such as adsorption and Page Number: 71-89

ion exchange) have been proposed to remove dyes as one of the most
important water pollutants. In this study, hydrodynamic cavitation
(bubble formation in a liquid) was considered as a new method for dye
removal. The important advantages of this method are no need to use
chemicals, low energy consumption and the ability to combine with other
advanced oxidation processes. A literature review on dye removal
focusing on combination with other advanced oxidation processes
indicated that orifice plates and venturi tubes are often used and less than
2 h (in optimum operating conditions) more than 80% of dye was
removed. Also, factors such as device geometry, inlet pressure, operating
temperature, pH and liquid properties (like vapor pressure, viscosity and
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surface tension) are effective parameters in this process. The results of Keywords:
previous works imply excellent efficiency of this method in combination ’
with other processes and methods such as Fenton, photocatalytic, Treatment,
ozonation, aeration and presence of various metal and non-metallic ions Dye removal,
in the reaction medium. Also, flexibility in designing and combining with Water,
advanced oxidation processes, depend on the purpose, are another major Wastewater,

and important advantages for replacing this method with conventional

methods in the near future. Hydrodynamic Cavitation

Please Cite this Article Using:

Poorbaba, M., & Soleimani, M. (2024). A Review on the Application of Hydrodynamic Cavitation Method in
Combination with Other Advanced Oxidation Processes for Dye Removal. Iranian Chemical Engineering Journal,
22(130), 71-89, [In Persian].

© 000 0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000


https://dx.doi.org/10.22034/ijche.2023.359382.1232

(S )9 y——=t aJ_s,

d DOI: 10.22034/ijche.2023.359382.1232

©0le)

Attribution-NonCommercial-NoDerivatives 4.0
International license(CC BY-NC-ND 4.0).

b cus i 50 Saolyogyuud ygawlis gl (pigy 03235 (559 50

Sy Bd (gl i piiy (pio LT gLyl y8 plu

R N PSPPI PRI

(Olpd SaSS () S el sinio olRiSls ¢ gy qawdige &) (6,550 (ggmitile —)
(Ol ST b) S ol ciniio oSiils ¢ god giigen HLoiils Y

VRN B0 sl s
VE Y IVE 1l gl
ALY olomis oyl

Seolinsgyoud gamlingls

soleimanim@aut.ac.ir : ;5 sly

ouS
o b o) (Sisloe (pbeanndn ] oy 5 GinleSD) (plood Cilizo (slo 3y, 65T
Sl sl (P Woleo 5 (haw i Aiile) (iS5 (il slowilol 5 (9o 8057
Oz g5 gy anlllas il yo 45 oy olgiiny o sloody Y/ Ly i jI K Hlsieds (20 S
b ol iy 1 ot A 5133 5 Syt (el 5o g3 oo Slyl) Koolisg ot
L plol e colli 5 o5 55l o i miboand Slpo S0lital I il 4 Olyioo S !
L Sy o diojyo itghy Ol diing oy po 0,5 0,L3] Ty o (glo j3g, plo
ol Gl g SiolaT sloui 5 plo b Seolisgyued (penlioglS anl8 oS jloolizu/
9 rh G S loj So 40 g ooliin] wilolus jo Sl Aol sl (5,505 5 s ysl ) cdS] S
kit PSS uiile  Lolpse Coiloi s Sd> S,y GITA G i Sldes digy Lyl o
3 il ol s diile myla Lol 5 PH o ildae (clod 505,35 i ool
5 29l o000 i el 35 o985 Uiile Loy, 5 Loty ol b oS o B9, v/
5 Phb 0 s Slan] iz Sl STy Lo 0 sl 5 S Slogg Elpl g
slos iy 250 100l o jlo g Sus wding a8, iy SiolaST gloas]s plo b o5y

ol 335 buir] 15 (559 ol pgesre slosbs,s b e, ol (o Sisle Sl e 5 Aol

This journal is an open access journal licensed under an

ot (s S S el et olSils (g5

o 4 olciwl

B lp b iy bt glaanl b nlo b oS 5 50 Soladg o Goaeliasls (B9, 928 2 5h950 (VT4 1) 0)5mie ((Slorhus 5 oz (Ll
AYY LYY ) ol wdigs 4 pid o 55,

© 00 0000000000,00000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

S~ o9

urI) )

Lusg)aud Ogamwlo g8

> S

Y1-AQ :(\\‘-Y)ngma)ub-fpgw dlm-ob.ﬂw’;asmx.@o i

(oo 5 blss) e b S )5 )


https://dx.doi.org/10.22034/ijche.2023.359382.1232

9352 O9awlio glS" jh9) 5 )5 o (SU9

e S 5 3> ol

V1-AQ o — Slowduw 9 Lbjgs

Yy

(F=V) sladsaz jo ol o S5, Sis gl (b 5 (Sglom FPRVI
OseilinglS o9, aMlia ol o INFlorloa s aods o) o 0 el s Ol sussSesgll liard alse 5l eSS,
p S5y Bd> sl o5 gy S Gl Seludg s e i e Jdsa g VS e 18 T slaeanYT
S5 by, by wWlgor e o 3 Gemaliugls by, Ceslosd | Sl asile ulio olis 5l Sy e (sl giie
D9 s | g 5 Sealnzg s osloyd (58 el & Cla il g [V 0o YT g5 ol ool Ygane SIS 5 s
@UlF oo g Sesladg i Gorwlusls dats; cnl om0 51 S0 o 1, )T olgs e 45 Sl 35y K, Bl (sl silise

1olasyls plars 5 (K58 GoissTy plosl sl J5ed BB S, U1y atins ¢ g st coloond o oS b slbos,S

coloond ci e oy, sla clS g las 5 [Y-Flols 13

Sy B baad glaghyy slauls g Lag ) Jga

Table 1. Advantages and disadvantages of chemical methods for dye removal.

Methods Advantages Disadvantages
Oxidation Simplicity of use Activation of oxidant agent
Fenton Suitable chemical reagent Sludge production
. Applicable in gaseous state Short half-life
Ozonation . .
Does not increase the volume of sewage or sludge (20 min)

No sludge production

Photochemical .
Greatly foul odors reduction

Formation of by-products

Chlorination
(such as NaOClI)

Electrochemical . . . Decrease in dye removal
. No chemicals consumption and sludge production . . .
Destruction (in relatively high flow rates)

Cleavage of azo-bond Release of aromatic amines
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Table 2. Advantages and disadvantages of biological methods for dye removal.

Methods Advantages Disadvantages

Degradation of dyes (by produced
enzymes)

Mn?roblal cultl.Jres Dye removal in 24— 30 h Not metabollza.tlon of f'go dyes under

(mixed bacterial) aerobic conditions

Dye removal by fungi Unreliability of enzyme production

Adsorptlor) t?y microbial biomass Affinity of F:ertal'n dyes Fo bind with Not applicable for all dyes
(living or dead) microbial species
Anaerobic bioremediation it o pm A s e Methane.and hydrogen sulfide production
systems in anaerobic breakdown
1. Acoustic
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Table 3. Advantages and disadvantages of physical methods for dye removal.

Methods
Adsorption with activated carbon
Membrane filtration
lon exchange
Irradiation

Coagulation

Applicable for wide variety of dyes
Applicable for all dye types
Regeneration of ion exchange
Effective oxidation at lab scale

Cost effective

Disadvantages
Too expensive
Expensive and concentrated sludge production
Not applicable for all dyes
High dissolved O, consumption

High Sludge Production
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3. Cavitational Yield

1. Constriction
2. Collapse
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Table 4. The cavitational yield for acoustic and hydrodynamic cavitation.

Reference

Cavitational yield

[13] Rhodamine B
[10] Reactive brilliant red K-2BP
[12] Acid red 88
Orange acid-II
[8l -
Brilliant green

2.93 x 107 49.5 x 107
1.70 x 107 2.88 x 10°
2.73 x 10° 3.59 x 10*
2.50 x 10° 8.08 x 10°
2.68 x 10° 8.75 x 10°
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Figure 1. The Orifice used by Sivakumar and Pandit[15].
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Figure 3. The venturi used by Wang et al. [27].
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Tao et al.[11].

Sy Bds lp |y cimgp YAl Kan g Lyl YOV Jlo o
—S 5 Lo (V-—0- ppm c_Lle) Rhodamine 6G  Sgsls

Iranian Chemical Engineering Journal - Vol. 22 - No. 130 (2024)

eececccccccccsd



Solp 09 e Seb YV W plg b (oo Ggmmligls 5l lojen
Yo UM S5, gl ecbalé bl 0 0l YN ke 4 B
5 Y0 °C Jolo slos «¥/-¥ m® W o) «/F MPa (g4, ,Lid
Y5 e o035, Y e Sgam> XY+ W Sigul il les

RO SN 4
s o2l G slagg 1Y VA Lo o [¥Y] 5 5 g5l
a8 oS4y Methyl orange 531 S, Bd> 1, S
S5 o 3118 (l 53 s S aalllae Salygyaud gmbinglS
Shd o MM olFelS Jobo ¥ MM olFelS Jlad) o pls alaio plaw b
5 0l oolaiwl YYO W 155 b §audy e cany 9 (VY MM )
s Yo mg LT s fany g ol US55 ool cile o tolejl den
(¢ IY=+ /% MPa) (s5g,9 ,Ll_id , 5l .o & o las Ve mg L*
S,y adgl e bale ((Vo—F °C) Los (Y — #) Jg—loee pH
a—l8 59y, (Y-—F+ min) i Sly 4L oj 4 (0—Y+ ppm)
smam Sl b anlie )0 5 il daz gl b (o) p (2105,
S slapsm &5 wb patie (Jsloe 13 55 slagm ol
Slkes Ll 50 0 g oo 5 WS (o0 Joo CnddBS Glgicas
e blpd jo ey palS g B (Brae 550 Olse
S5, ddgl cdale g ¥ °C s PH =Y /% MPa (555, ,Lud)

Al bl 510535, V0 Glade V Dl aey (0 ppm

10 mm

< >
A

EA\_‘_,////AEE

£ £ E|E

™ £ ™ o

w
v/_'\v

| v

< pg >« >
1.5mm 2.5mm 6 mm

/S|

alolw 0830 o yiiis 0yl K0 ) a,cs Reactive red 180
9l gls lojee oS 5 o (Reactive red 180 5, i (4l
e bl jo 0l 2, UV 465 ZNn0 ca Jblses b Swolnog o
G JilS g5 il O DAr gog, Lzs N e e MY LT K, Aol clale)
Bi> S5, 1AV VAL min cesdS 5l e g (Vg LT ZnO
8% 5 IV G jan TOC § COD s wlayl 1 e 4o 05

RO R
Rhodamine B X5, Ba> [¥1] o)) LSes g (o Yo VA JLw o
gh L sleols 655585 b dhewgt (7 PM Lawgite cale)
el 1 )L ol g0 35 (gma 1 ((0) JS2) oo elaiis
Ogalingls 5l anld (oidu Sl ly g Gonin e casy SOl jLad
6395 b o soliiul (YV/A+ KHZ el ilS 3) So—o
Jsloes sles «(YF — £+ UM) 5, &Jsl clal o(+/Y—+ /5 MPa)
Sleeay (FF-YY+ W) Syl sl ls3 5 (V0T °C)
3 e L8 Rl s (el dad (o) 2 S5e (sl piie
' i ol 4ty 5 ol w5l e oy el +/F MPa
Eel Loo uolsdl oS Jlo o 058 oo 203l ials 5 wibels o
ol amsye g abel jo Gl slaay 5 ,Lse jLad il
Ol 8l el YO °C 5l o Lo Jaulidl Lol 00 oo (2210335,
Sacd ol o 5l e polie a8 09 o ol o e clale

sola QHL;Q )_»AS Lr"'b)‘j") 9 MQL;A u,.&ls l) stL:j)B

—A—

et

I A

b

/7

|
|
l
s, |
By ]

[V 5 o2 59,8 jlucbia slag, gy 0 I
Figure 5. The venturi used by Yi et al.[31].
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Figure 6. The Swirling jet induced cavitation reactor
used by Wang et al.[13].
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Table 5. Summary of the results of previous researches in the field of color treatment based
on hydrodynamic cavitation method.

Cavitating device

1 2002 Rhodamine B Multl-'holes orifice
(six types)
2 2008  Rhodamine B Swirling jet-
induced
Reactive brilliant
3 2010 red Circular venturi
X-3B

Inlet
pressure Intensifying process
(bar)
2.1 = [15]
2.0-6.0 H,0, (100 mg L%, 5 mg L™ dye) [13]

Electrochemical degradation
(anode = Ti-IrO,, cathode = graphite)
Na,SO,4, NaNO3, NaCl, Na,CO;
(7000 uM salt, 80 mg L™ dye)

[26]
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10

11

12

13

14

15

2011

2012

2013

2013

2014

2014

2015

2017

2017

2017

2017

2018

C.I. reactive red 2

Acid red 88

Rhodamine B

Orange-G

Reactive brilliant
red
K-2BP

Reactive Orange 4

Methyl orange

Crystal violet

Rhodamine B

Rhodamine 6G

Reactive red 180
Direct orange 46

Rhodamine B

Cavitating device

Circular venturi
(three different
designs)

Circular venturi

Orifice
(multiple jets
impingement)

Circular venturi
Slit venturi
Orifice

Swirling jet-

induced

Circular venturi

Orifice valve

Orifice

Circular venturi
(double jets
impingement)

Circular venturi
Slit venturi

Circular venturi

Circular venturi

Inlet
pressure

(bar)

3.4

3.0-7.0

5.0

0.5-10.0
0.5-4.0
1.0-10.0

2.0-6.0

3.0-8.0

2.0-5.0

15-7.0

60.0 -
120.0

3.0-110

Intensifying process

TiO, photocatalysis (ultraviolet
power =9 W,
25500 mg L™ TiO,, 80 mg L*
dye)
NaNOs, Na,SO,, NaCl, NaHCO3
(50000 uM of each,
100 mg L TiO,, 80 mg L™ dye)

H,0, (3-204 mg L or 1 —60
molar times to dye)
Fe-TiO, nanocatalyst (1800 mg L™,
40 mg L dye)

Zero-valent iron (0—70 mg L™, 5
mg L™ dye)
Aeration (5 mg L™ dye)

H,0, (25-200mg L, 10 mg L™
dye)
FeSO, (15— 75 mg L™ Fe*, 10 mg
L dye)

H,0, (dye:H,0, = 1:5 — 1:50, 40 mg
L dye)
Ozone (1 -8 gh™, 40 mg L dye)

Zero-valent copper (20 — 200 mg L™,
10 mg L dye)
Methanol (0.1 — 1 mL L, OH
radical scavenger)

Adsorption unit (polymer hydrogels
as adsorbent)

H,0, (530 mg L%, 30 mg L™ dye)
FeSO, (3.33-8.67mg L™, 39 mg L
' dye)

H,0, (dye:H,0, = 1:50, 10 mg L™
dye)
Ozone (1 -7 gh™ 50 mg L™ dye)

Photocatalytic reactor (UV-Vis
irradiation, 1.43 mW cm?,
0.5—1.5 mg L™ each ZnO/ TiO,,
100 mg L dye)

Acoustic cavitation (44 — 220 W,
27.90 kHz, 15 mg L™ dye)

[27]

[12]

[16]

(9]

[37]

[28]

[17]

(18]

(11]

[29]

(30]

(31]
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AY

16

17

18

19

20

21

22

23

24

25

26

27

2018

2018

2019

2020

2020

2020

2020

2021

2021

2021

2021

2022

Methylene blue
Methyl orange
Rhodamine B

Methyl orange

Reactive black 5

Brilliant cresyl
blue

Congo red

Direct red 89

Reactive black 5

Acid violet 7

Congo red

Real textile
wastewater

Industrial-grade
dye solution
Printing ink
wastewater

Industrial inks
Printing ink
wastewater

Cavitating device

Orifice

Circular venturi

Orifice

Slit venturi

Orifice

Circular venturi

Orifice

Slit venturi

Circular venture
Multi-holes orifice
plate
(four types)

Orifice

Multi-holes orifice
plate

(six types)

Multi-holes orifice
plate

Inlet

pressure Intensifying process

(bar)

H,0, (dye:H,0, = 1:05 — 1:50, 30
mg L™ dye)

FeSO, (FeSO,4.7H,0:H,0, = 1:10 —
1:40,30 mg L™ dye)
Photocatalytic reactor (250 W UV,
200 mg L TiO,,

30 mg L™ dye)

Metal ions (20 mg L™ Fe?*, 10 mg L’
1 Ni%,5 mg L™ dye)
Photocatalytic reactor (15 — 60 W
UV-C,

50 — 200 mg L™ TiO,, 30 mg L
dye)

H,0, (0.22 mL min™, 5 mg L™ dye)
Ozone (0.459 g h™, 5 mg L™ dye)
Na,S,0g (0.1 — 1 M solution, 0.22
mL min™, 5 mg L dye)

UV (56 W em™, 5 mg L™ dye)
H,0, (0 — 1000 mg L™, 20 mg L™
dye)

FeSO, (0—50mg L™, 20 mg L™
dye)
lons (Na*, Mg*, Mn**, HCO3, I,

4 NOs, SO, PO,

15— 30 mmol L ion, 80 mg L* dye)

Photocatalyst (50 — 200 mg L™ TiO»,
30 mg L™ dye)

Photolysis (15— 60 W UV-C, 30 mg

4 L dye)

Photocatalysis (50 — 200 mg L™
TiO,, 15 -60 W UV-C,
30— 100 mg L™ dye)
H,0, (25 — 200 ppm, 20 ppm dye)
KPS (50 — 500 ppm, 30 — 60 °C, 20

4 ppm dye)

Fenton (10 — 250 ppm Fe?", 50 ppm
H,0,, 20 ppm dye)

1.1-1.85

47 =
H,0, (1-4mL L™
25-9 Fenton (0.28 g L™ FeS0O,.7H,0, 2
mL L H,0,)
4-5 H,0, (0.0-2.0g L™
. H,0, (1g L)

Sedimentation (24 — 96 h)

[19]

[32]

[20]

[33]

[22]

[34]

[21]

[35]

(36]

(23]

[24]

[25]
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