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Abstract

According to the increasing the water demand and the lack of its resources, the reuse of effluents is considered a useful option in the water
resources management. Dyeing industries are the largest consumer of water, and the major problem of their sewage production is the
presence of their plenty of dyes and indissoluble. Among the various methods used to remove dyes, physical, chemical and biological
methods can be mentioned over the past three decades. However, a small number of these methods are concerned by the paper industry
and textile industries. Among the various methods of elimination of dyestuff, adsorption technique is an effective and efficient method
and presents the best results for the decolorization of various types of dyes. If the decolorization of dyes is done properly, the wastewater
is treated with good quality. Now, most commercial systems use of activated carbon because of their excellent absorption capacity as an
absorbent for the decolorization of dye in the wastewater. United States Environmental Protection Agency (USEPA) has introduced
absorption method by activated carbon as one of the best technologies in the decolorization of organic compounds.

Keywords
Pollution of water, Decolorization of dye, Physical method, Chemical method, Biological method.
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® graphite-like carbon nitride

" Rhodamine B

8 Electrochemical advanced oxidation processes
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2 Electro-Fenton
% photoelectro-Fenton

VFAY /¥ o jlack /A ala /K3y slaia jo Cladllae oo g - pals ds i

1)55) Slge Bia slaghyy (prpre RLY LI

E il ey il ) 55 o e s JS,
Joee o La JLSGoly cplas ‘Snli;.m b e (OH/H,0) =28V /SHE
e b ‘_“_ﬂ loan¥T a4 calises g, w5l oolil b Ny oo dlg
099581 5 €10 (A1) (21950559,00) Bigred il 5235 (V) 28T
et IS0l 0y S 5 4isS oo lgs T (gl IS0, Lo ST,
(oS3l sl S0l JSt) dimo o LSt e Ly STy
Joloe L iy (—2aleST sl 28Ty Lavlgas oud JSCa5 sla 25T
LS)L“’Q;"'\—“’ Sl g o0 H>,0, HO, OH) oo AJy XSy

98 IS T slooa¥T (gome > 4 )

OH + RX—RX "+ OH' (\f)
OH’+ RH-R’+ H,0 (\0)
OH'+ PhX—PhX(OH)’ 0%

ady s GiwlwST glao o] 8 wid, s il slaaul s L o
slomos T zals o aslaisl drwes 4bdS amo b &5 by xSl
B azg 050 s (oyias (135, dlso alax jf pglis JI itz
(Lo JUSel, 5l (o 550 a8y ST sloan] b 5o slats 5
Al slooa ¥l il bore gl dg xSl oo 0dgs JuunS'g 0u
s 38 S 5008 Lo JLSGol, adgr ol 1 09 oo colaiul
59 4 Ol 1y (lang iUl a2d iy (2alST slaayT 8 ¢ 2l S
it i 5 s ooy pSIl a8 iy aluST slaoy] ) ats
(_,’JL..Q.._MB).SJI aid oy U,.ALMS\ L;l.a..\.;ﬂ} () ) 0,8 oS

Ol s GlaSTL &l o (55 2 JomnS'g 00 (slo 500 puiiins

M+ H,0—M(OH) + H"+ & Y

Sy s el ol JE> 5 ol b slaplSe o JT sloon¥T
Ay sl e pme (25 (o938 4 5l pae anT cnl Sy ool
by i ialaST slaa ] 30550 0 bl co LSy 0n slo JIS03),
o= bl oS5 )00 Sl Sl 058 deitins e loordy 7S
OO S LAl L g (58 98U oo 53 (loong 2SIl a5 aloor 5l (s
J_:J.) 4 Sl 1

) . . . .
(2l 53 b a1y ()39,002) b e 5| S > 1>
3O Jme 10 Sjemo STy (5,008 ccwnlin (604 xSl blge 5l solail
O O GRSy Gk Sl S g0 sla Sl 050 o0 a5 w58
ool 5 o 3,5 Lal L iy iU by, 4 ot g 0Ty
Saws ol )0 e e 0 dy L5 o, Sadlal L sl oaisadgs

! Fered-Fenton



file:///D:/Journal%20of-Motaleat%20dar%20donyaye%20rang-JSCW/maghalat/shah%20doost%20fard/JSCW-1811-1002/accept/Accept-%20final-1002.docx%23_ENREF_50
file:///D:/Journal%20of-Motaleat%20dar%20donyaye%20rang-JSCW/maghalat/shah%20doost%20fard/JSCW-1811-1002/accept/Accept-%20final-1002.docx%23_ENREF_51

‘5_5).3 7 Jjb ..).E)lo I 03 A.ﬂ)‘ 61.‘!)0.:3) LS“]: sbwésm S>))

Ubhed 9 (Jgiew Jaclowwl

Cidgo gl ‘Lm‘j YL sl jo aiile GMEwe b by g, ol e
FECUEIW. Y o‘)_.o.tb u_zJ ..)_.Jy 9 u,..?uwl.@) C?Ja"" & g.j )l L:aod..u‘)n ERCS

PR oleonisg ol ais iy iolasT sloasy 15 oo b Kaal PEF EF Coleo g blio dunlio -0 Jpax

ulzo

G50

o095

ol 95dbE adgr cde 4y Slol Jlisl an e
AT S ok ln g lblSTslse 3a8s Dbl 4y 5ls

S,ls olE(X/D o YIA osgazs jo pH ;o lasd
NG b 5l ey il a5l
Gl s dgame Bl 5L ColilB 5 sasee oolainl oo LB
353:J6ts
St Sy 6551 B pan

O b oadogs puloll J2o) G157 Jloaw 99580 lga 4 5L

ST & Cons Sl 2L

X (pgidy pSlgioh [y gid-g Sl

LpH 3l (g 0899w 4o |15 colils
9 0aze ooliiwl Cubld cashai | o ool glelas
EITSAL g
69 (Gl 00guz0 Cows 4 Jolome PH pudais S!
s*8ly oL abal gl sl

SOl s 5 6956 e
ity Slyigh | gt 2SN L auglia ;s IS sl o]
HXen
Slles sl (2loosd Slgo (2505 5 595U 4 LS pas
LpH 3l g (so3game 10 Sl I
Bly oMol asar gl b
JUb el 39501 (6 55 & Sl

Jogshos S
DS i Sl

I 5 S
el y5iids iSlsish

lgail Lils)

L1 oYl G 5 adar jplico 4 cilisio sloyig, (cblso 5 coleo —F s

450

oo

ol aiai g b,

Sz slad anels
il YL S ol
oS OLad 5k
YU Bd> o5l
Vo ke o b

Silolaz (Vb (g5 bl

oS Slles a0
pdion e b ol 0l

3 YL (5 Sl

Ol aeSedd 050

YU Gis oleadl,
oy YL sl ce

55 o b il DY game
G5 T Glooa¥T lojen i

S AR
iz ool Sldes byl

Sy bos> o boad adgs
G5l g (Bocgm,
O D18 (il ogdle @y 1) (g9l IS
WS e i
Ol S alop aze
awg PH 05g00w0 il
olld @ Jlasl YU slacgsd b
3l olge adgisly
b 2ok

e Cowes figo LJ oo ¥T o 5 S48 Bio (sl

by ol 5l olo3Kas gla g, 5l 6ol
g oolaiwl OB 5l 6 xSL

lad Sy ade 4 YL Sllas 4o

4l oz (Sodll 5l 03 e gl

0gdoo Vb Sldos aje Cely (65, B pas 5 oLl g,

s 3l K I3l (S cdale b O agbas gl

(oolaul 3,90 ubl.’> oole Ey u Ahs) L}"“L‘ Lg;ub&.t‘

Lol 03 gy ol 093 9,5, sl b g5l g ,LaS o asyse

b 348 5L

S sl s, cde 4 YL a5

Vb o) 5 Glles sloaze
b 6,185 alep adyl an 50

SYeb by G
Sgaste sloo )l

o g

o @0 lp (SLal Slles 4o

Sed Jlis aias sla g,

b oy s

O Jobs

L) (oloowog xSl slo s,
(ko 9551

&3k ysbis

&8 19768

Slasil 5 gl

ode

o55aa o]

a0

VFAY /¥ 6 jlah /A ala /&3 (sLiis o Oladllas o2 9 i - sale da yedd



o
ol slaails |15 5 >lus sl odsld 51155, eols Bd> jo (solaidl
il 519555 daw g JLo 50 sl jgiS 55 (Slosmg Coeal IS,
005155 Sl 5l oai¥T Bl gz il (slo oy, (5356
(o Slo s, (S Ao a4y leT o |y by g, l L]

sblye shls Loty (ol 4z 510,58 endi (oS58 5 (olord
Sluls 280 O 9 YU sloasy 5o 45 ax o3 L Lol caiily oo (s000
2 N ol aiai gl Jyene slabsy ol 5l b o]
5o ilazd 55 )18 solaiwl 5550 (glos S jeb 4y S (olus mlio
Lol ouzmy cotle Jds 4 Lolul susly a3 s ol Jl
oot l b5l oS 5 cJoe 50 o] den ceslis apiai 4 08
09 e Sloe an Ol Cgllae S ay slows sl p el calise
Sead oo GLds i (o) 9 b o0 03liiul (B9, (n 54yt
ol 48,5 plonil st (82 (S 5 B9, Akl ale) o Dlided
ool (09 o P S Sgnte Sk Slod S o p (lieen
dslse S dS jsb @ ol aslsl pad wdgs sl Jilas 4 5 1553,
SOl (39 63 )8 (Bl ks By, S Sl s gulls

S Ll nl wpda anls o codl ol ogiad on 9,ke 5 250
| LQULM.J )‘ ‘)i) bl}o B> 6‘).1 wl.uo 9 ob;

1. A. Balakrishnan, K. S. B. Kameswari, C. Kalyanaraman,
"Assessment of aerobic biodegradability for vegetable tanning
process wastewater generated from leather industry", Environ.
Toxicol. Water Qual. 3, 151-160, 2018.

2. N. Abidi, E. Errais, J. Duplay, A. Berez, A. Jrad, G. Schéfer,
M. Ghazi, K. Semhi, M. Trabelsi-Ayadi, "Treatment of dye-
containing effluent by natural clay", J. Clean. Prod. 86, 432-
440, 2015.

3. V. Gupta, I. Ali, V. Saini, T. Van Gerven, B. VVan der Bruggen,
C. Vandecasteele, "Removal of dyes from wastewater using

bottom ash", Ind. Eng. Chem. Res. 44, 3655-3664, 2005.

4. Q. Sun, L. Yang, "The adsorption of basic dyes from aqueous
solution on modified peat-resin particle”, Water Res. 37,
1535-1544, 2017.

5. M. Purkait, S. DasGupta, S. De, "Adsorption of eosin dye on

activated carbon and its surfactant based desorption”, J.
Environ. Manage.76, 135-142, 2005.

6. H. Ali, "Biodegradation of synthetic dyes—a review", Water
Air Soil Pollut. 213, 251-273, 2010.

7. E. Almeida, C. Corso, "Decolorization and removal of toxicity
of textile azo dyes using fungal biomass pelletized", Int. J.
Environ. Sci. 1-10, 2018.

8. M. Baysal, K. Bilge, B. Yilmaz, M. Papila, Y. Yiiriim,
"Preparation of high surface area activated carbon from waste-
biomass of sunflower piths: kinetics and equilibrium studies on
the dye removal”, J. Environ. Chem. Eng. 6, 1702-1713, 2018.

9. T. R. T. dos Santos, G. A. P. Mateus, M. F. Silva, C. S.
Miyashiro, L. Nishi, M. B. de Andrade, M. R. Fagundes-Klen,
R. G. Gomes, R. Bergamasco, "Evaluation of magnetic

1)55) Slge Bia slaghyy (prpre RLY LI

wolais| T gloonsy¥T 5 soxe slooais¥T (gl Lo bs, el cosdlas
o9k 4 58 sl 5 (Same (I il lg e sloon ¥ Lol s
9B bty cpl ol Jlo 5o aidly oo 39290 Mol )3 (lojen
) oolitl 45 el o0t dzlsn ol s L wpas glaoasy]
Jdo o cpl el a8l azwg Jasas o g, oleie 4 dadle gl
Wlys ol reizran ool o) (VL 033l 5 o5 4o ol (Sl
Ald S o il e oy 45 me al 4 it allj adg et

IVP] igd 0dgisl conlio i

& S 4zxs = A
B 4z an ol same (adls S 5 ol 5l Ol (Sogll Bi
el vg 5 an | LS tagh Sl (il ax g a5 Casl ot £5090
5 bes e S 455,50 el Sl gudgs AL ol 0o )8
alo 25T alialie gy o ot & Conyjlame (Fogll 4z g3 L8
5 0350l | 0y mulis 4y LS Al s bl 4> lag s
Sy pis ($3; ey 5 9 Hlse sbnl g
Sl gl 1555, s ol 51 6l - g o 00 oy slancs]
S5 Sz je & e 3)lge 5l 5ok jo 5 00 2l
9 B0l slahy) 5l St 9585 (e 00y Dlogzge )

&lo-4
coagulant (a-Fe,05-MO) and its reuse in textile wastewater
treatment"”, Water, Air, Soil Pollut. 229, 92-100, 2018.

oole oS 4 anlllas " (S, 1 sdlye g eioez o] ganl Ly ) ¢
a i " Bgg) Sl (hie 05 6L g (e S50l I3,
AVAD POV Ve S5, )5l 5 psle (2ol (oole

slge jllo 5 S5, bLs)l " baese g b sgage T g sgage o2 )
s sole i S Gmesh 08 S0l e 2 e 1T IS,
AYAY AD) Y ¥ S5, lis e lllas

Py 51 TS, Bl o) cagans | iouds s, B Y
slio jo Gllllas gy cole a4yt Maodlrgl lwg o slo
AFAY XYIEY YL,

13.R. G. Saratale, G. D. Saratale, J. S. Chang, S. Govindwar,
"Bacterial decolorization and degradation of azo dyes: a

review", J. Taiwan Inst. Chem. Eng. 42, 138-15, 2011.

14.S. Natarajan, H. C. Bajaj, R. J. Tayade," Recent advances
based on the synergetic effect of adsorption for removal of

dyes from waste water using photocatalytic process”, Environ.
Sci. Pollut. Res. Int. 32, 225-237, 2017.
15.S . Natarajan, H. C. Bajaj, "Recovered materials from spent

lithium-ion batteries (LIBs) as adsorbents for dye removal:
equilibrium, kinetics and mechanism", J. Environ. Chem. Eng.

4, 4631-4643, 2016.

16.Q. Wu, X. Xu, H. Yang, L. Ke," Application of
nanotechnology  in  wastewater  treatment", DOl:
https://doi.org/10.14256/JCE.2165.2017, 2017.

ay

VFAY /¥ o jlack /A ala /K3y shaia o cladliag oo g 5 - pals ds el



17.A. L. Taka, K. Pillay, X.Y. Mbianda, "Nanosponge
cyclodextrin  polyurethanes and their modification with
nanomaterials for the removal of pollutants from waste water:

A review", Carbohydr. Polym. 159, 94-107, 2017.
18. M. P. Moreira, G. R. S. Andrade, M. V. G. de Araujo, T.

Kubota, I. F. Gimenez, "Ternary cyclodextrin polyurethanes
containing phosphate groups: Synthesis and complexation of
ciprofloxacin", Carbohydr. Polym. 151, 557-564, 2016.

19.Y. Zhou, Y. Hu, W. Huang, G. Cheng, C. Cui, J. Lu, "A novel
amphoteric B-cyclodextrin-based adsorbent for simultaneous
removal of cationic/anionic dyes and bisphenol A", Biochem.
Eng. J. 341, 47-57, 2018.

20.K. K. Chorawalaa, M. J. Mehta," Applications of
nanotechnology in wastewater treatment", Int. j. innov. emerg.

res. eng. 2, 21-26, 2015.
21. A. Alonso, J. Macanas, G. L. Davies, Y. Gun’ko, M. Mufioz,

D.  Muraviev, "Environmentally-safe  polymer-metal
nanocomposites with most favorable distribution of

catalytically active and biocide nanoparticles”, Adv. Nano.
Res. 176-200, 2011.

22. M. Asim, T. A. Khan, "Low cost adsorbents for the removal of
organic pollutants from wastewater", J. Environ. Manage. 113,
170-183, 2012.

23. M. A. M. Salleh, D.K. Mahmoud, W. A. W. A. Karim, A.
Idris, "Cationic and anionic dye adsorption by agricultural
solid wastes: A comprehensive review", Desalin. 280, 1-13,

2011.

24.G. Crini, "Non-conventional low-cost adsorbents for dye
removal: a review", Bioresour. Technol. 97, 1061-1085, 2006.

25.A. Srinivasan, T. Viraraghavan, “"Decolorization of dye
wastewaters by biosorbents: a review", J. Environ. Manage. 91,

1915-1929, 2010.

26. M. Rafatullah, O. Sulaiman, R. Hashim, A. Ahmad,
"Adsorption of methylene blue on low-cost adsorbents: a

review", J. Hazard. Mater. 177, 70-80, 2010.

27. M. Fox, M. T. Dulay, "Heterogeneous photocatalysis”, Chem.
Rev. 93, 341-357, 1993.

ar

Ve 9 (9w Jaclowl

28.C.B. Ong, L.Y. Ng, AW. Mohammad, "A review of ZnO
nanoparticles as solar photocatalysts: synthesis, mechanisms

and applications”, Renew. sut. energ. 81, 536-551, 2018.

29.Z. Sun, X. He, J. Du, W. Gong, "Synergistic effect of
photocatalysis and adsorption of nano-TiO, self-assembled
onto sulfanyl/activated carbon composite”, Environ. Sci.
Pollut. Res. Int. 23, 21733-21740, 2017.

30. X. Li, M. Li, J. Yang, X. Li, T. Hu, J. Wang, Y. Sui, X. Wu, L.
Kong, "Synergistic effect of efficient adsorption g-C3N4/ZnO
composite for photocatalytic property", J. Phys. Chem. Solids.
75, 441-446, 2014.

31. M. A. Oturan, J. J. Aaron, "Advanced oxidation processes in
water/wastewater treatment: principles and applications. A
review", Crit. Rev. Environ. Sci. Technol. 44, 2577-2641,
2014.

32. 1. Sirés, E. Brillas, M. A. Oturan, M. A. Rodrigo, M. Panizza,
"Electrochemical advanced oxidation processes: today and
tomorrow. a review", Environ. Sci. Pollut. Res. Int. 21, 8336-
8367, 2014.

33.A. Bedolla-Guzman, I. Sirés, A. Thiam, J. M. Peralta-
Hernandez, S. Gutiérrez-Granados, E. Brillas, "Application of
anodic oxidation, electro-Fenton and UVA photoelectro-
Fenton to decolorize and mineralize acidic solutions of
Reactive Yellow 160 azo dye", Electrochim. Acta. 206, 307-

310, 2016.

34.S. 0. Ganiyu, M. Zhou, C.A. Martinez-Huitle, “"Heterogeneous
electro-Fenton and photoelectro-Fenton processes: A critical
review of fundamental principles and application for
water/wastewater treatment”, Appl. Catal. B. 34, 543-550,
2018.

35.S. 0. Ganiyu, T.X.H. Le, M. Bechelany, G. Esposito, E. D.
Van Hullebusch, M. A. Oturan, M. Cretin, "A hierarchical
CoFe-layered double hydroxide modified carbon-felt cathode
for heterogeneous electro-Fenton process”, J. Mater. Chem. 5,
3655-366, 2017.

36. A. Abbas, A. M. Al-Amer, T. Laoui, M. J. Al-Marri, M. S.
Nasser, M. Khraisheh, M. A. Atieh, "Heavy metal removal
from aqueous solution by advanced carbon nanotubes: critical
review of adsorption applications”, Sep. Purif. Technol. 157,
141-161, 2016.

VYAV /¥ o jladi /A la /&0y slidg jo ciladlas oo g 45— cole da pdis



