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j@] [20]"CU= xOWv xOy=Wt |yHwD p@=k Cw=iD I}y 'nvQ hPL w CQwOm
COD hPL |wQ Q@ xm '�2016� u=Q=mty w 10uJ \UwD xOt; CUO x@ G}=Dv
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&OvDW=O =yOwQDmr=CiH Q}=U x@ C@Uv =Q hPL u=tOv=Q u} QDW}@

EDX Q}wYD w xOW KqY= w xO=U sw}v}twr; OwQDmr= SEM Q}wYD "7 pmW
"xOW KqY= sw}v}twr; OwQDmr=

?}DQD x@ w OvOw@ XNWt EDX R}r=v; QO ,qt=m O w Zn 'Al |=yl}B
O}}-=D =Q |v=Wvx}q CLY xm 'OvDW=O 14 5 w 7 4 '78 1 |vRw |=yOYQO

"Ovm|t

sw}v}twr; OwQDmr=QO O}Um =lv} R C=QPwv=v VWwB Q}F-=D |UQQ@ "5"3
|}xNQJ |QDt=Drw VwQ x@

uOW O=R; w =}L= OvwQ QO VWwB QF= |UQQ@ CyH |}xNQJ |QDt=Drw V}=tR;
19 |@; w}Dm =Q pwrLt |=Q@ |r[=iD |=ys=Qowt=Drw 8 pmW "CiQo s=Hv= uSwQO}y

"OyO|t u=Wv =Q 4 Q@=Q@ pH w QD}r Q@ sQo|r}t 200 C_re =@
CtUk x@ \w@ Qt 'pw= VN@ %OW s=Hv= VN@ wO QO ẁ[wt u}= |UQQ@
|HwQN Q=Owtv |rwRv Twk ẁQW |xOwOLt |wQ R= xm 'CU= uSwQO}y |=}L=
sw}v}twr; Cio u=wD|t '8 pmW x@ xHwD =@ "CU= X}NWD p@=k |}xNQJ |QDt=Drw
(V) QO 'PVD VwQ x@ xOW xO=O VWwB sw}v}twr; w �1 52 (V) QO xO=U
jr]tQOk xJ Qy QwmPt Q=Okt xm 'OvDW=O =Q uSwQO}y |=}L= l}B ẁQW �1 28
xO=O VWwB sw}v}twr; xH}Dv QO 'Ovm|t R=e; =Q =}L= QDOwR 'OW=@ xDW=O |QDtm
K]U |wQ xDiQo pmW C=QPwv=v sm =QD x@ xHwD =@ xm 'OQ=O |QDy@ OQmrta xOW
QO "Ow@ Q=_Dv= p@=k |Qt= 'OW XNWt EDX w SEM Q} w=YD QO xm u;
|va} 'QDq=@ u=} QH COW w S=Drw =@ |=yCtUk QO '8 pmW j@=]t swO VN@
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QW
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Ovyt "xO=U sw}v}twr; =@ xU}=kt w ZnO C=QPwv=v VWwB OQmrta |OOa Q}O=kt "3 pwOH

Ow@y@ OYQO uSwQO}y <=}L= C=}rta R=e; OwQDmr=<=}L= C=}rta (Amps cm2) u=} QH COW (V) p}Uv=DB
0 �0 0001333 �1 52 xO=U sw}v}twr; OwQDmr=

�15 79 0 00002749 �1 28 xOW KqY= sw}v}twr;

Ow@y@ OYQO uSwQO}y |R=UO=R; C=}rta R=e; OwQDmr=|R=UO=R; C=}rta (Amps cm2) u=} QH COW (V) p}Uv=DB
0 �0 003773 �0 55 xO=U sw}v}twr; OwQDmr=
0 �0 004586 �0 57 xOW KqY= sw}v}twr;

� u=} QH COW Ow@y@ OYQO (V) �0 575 QO u=} QH COW OwQDmr=
� 0 0 0026088 xO=U sw}v}twr; OwQDmr=
� 173 12 0 0045166 xOW KqY= sw}v}twr;

`@vt R= |QDq=@ |=yu=} QH COW u=wD|t QDu}}=B |=yS=Drw =@ xmr@ 'OR=Ov=|t
"�PVD VwQ x@ u=} QH Ow@y@ �173 =D� OQm Ci=} QO x}PeD

|Q}otWJK]UV}=Ri= 'ZnOC=QPwv=v R= xO=iDU= =@ sw}v}twr; OwQDmr=VWwB =@ ��
j} waDx@ =Q OwQDmr= uOW p=aiQ}e \ki xv xm 'OW xOy=Wt =yOwQDmr= |wQ Q@

=yCWwv=B
1. reactive dye
2. physical vapor deposition
3. sputtering
4. target
5. radio frequency
6. chemical oxygen demand
7. Jiang
8. dissolved organic carbon
9. Bouhezila
10. Chen
11. direct current electrocoagulation
12. saeri�cial electrodes
13. alternating current electrocoagulation
14. band gap
15. working electrode
16. reference electrode
17. auxiliary electrode
18. saturated calomel
19. Verma
20. monopolar- parallel
21. biopolar- parallel
22. monpolar-serie
23. Huang

�References� `@=vt
1. Nga, N.K., Chau, N.T.T. and Viet, P.H. \Preparation

and characterization of a chitosan/MgO composite for
the e�ective removal of reactive blue 19 dye from aqueous

solution", Journal of Science: Advanced Materials and
Devices, 5(1), pp. 65-72 (2020).

2. Demirbas, E. and Nas, M.Z. \Batch kinetic and equilib-
rium studies of adsorption of reactive blue 21 by y ash
and sepiolite", Desalination, 243(1-3), pp. 8-21 (2009).

3. Delnavaz, M., Ayati, B., Ganjidoust, H. and et al. \Ki-
netics study of photocatalytic process for the treatment
of phenolic wastewater by TiO2 nano powder immobi-
lized on concrete surfaces", Toxicological & Environmen-
tal Chemistry, 94(6), pp. 1086-1098 (2012).

4. Torres, N.H., Souza, B.S., Ferreira, L.F.R. and et
al. \Real textile e�uents treatment using coagula-
tion/occulation followed by electrochemical oxidation
process and ecotoxicological assessment", Chemosphere,
236, 124309 (2019).

5. Singh, S., Mahesh, S., Sahana, M. and et al. \Treat-
ment of healthcare facility wastewaters by two dimen-
sional (2D) electrochemical coagulation (ECC), settling
and �lterability aspects", Journal of Water Process En-
gineering, 26, pp. 200-220 (2018).

6. Garcia-Segura, S., Eiband, M.M., de Mel, J.V. and et
al \Electrocoagulation and advanced electrocoagulation
processes: a general review about the fundamentals,
emerging applications and its association with other
technologies", Journal of Electroanalytical Chemistry,
15, pp. 267-299 (2017).

7. Larissa, F.S., Andreia, D.B., Heber, M.P. and et al.
\Treatment of paint manufacturing wastewater by coag-
ulation/electrochemical methods: proposals for disposal
and/or reuse of treated water", Water Research, 101,
pp. 467-475 (2016).

93

Archive of SID

www.SID.ir

http://www.SId.ir


"""|
}=}t}

WwQ
Dmr=

O=ka
v=Ov

}=Qi
R=x

O=iD
U=

8. Fernandes, A., Pacheco, M.J., Ciriaco, L. and et al. \Re-
view on the electrochemical processes for the treatment
of sanitary land�ll leachates: present and future", Ap-
plied Catalysis B: Environmental, 176-177, pp. 183-200
(2015).

9. Christie, R.M., Environmental Aspects of Textile Dyeing,
Elsevier (2007).

10. Ghaneian, M.T., Ehrampoush, M.H., Ghanizadeh, G.H.
and et al. \Application of solar irradiation/K2S2O8 pho-
tochemical oxidation process for the removal of reactive
blue 19 dye from aqueous solutions", Iranian Journal of
Health and Environment, 3(2), pp. 165-176 (2010).

11. Christie, R.M., Environmental Aspects of Textile Dyeing,
Woodhead Publishing Series in Textiles (2007).

12. Bilal, M., Rasheed, T., Iqbal, H.M.N. and et al. \Pho-
tocatalytic degradation, toxicological assessment and
degradation pathway of C.I. reactive blue 19 dye",
Chemical Engineering Research and Design, 129, pp.
384-390 (2018).

13. Anjaneyulu, Y., Chary, N.S. and Raj, D.S. \Decolouriza-
tion of industrial e�uents-available methods and emerg-
ing technologies- a review", Reviews in Environmental
Science and Bio/Technology, 4, pp. 245-273 (2005).

14. Ren, X., Song, K., Xiao, Y. and et al. \E�ective treat-
ment of spacer tube reverse osmosis membrane concen-
trated leachate from an incineration power plant using
coagulation coupled with electrochemical treatment pro-
cesses", Chemosphere, 244, 125479 (2020).

15. Colligon, J. and Vishnyakov, V. \Thin �lms: sputtering,
PVD methods, and applications", Surface and Interface
Science, 9(1), pp. 1-55 (2020).

16. Liu, Z., Wang, R., Tang, X. and et al. \Inventors, ap-
plied materials inc., assignee. sputtering target for PVD
chamber", United States patent US, 9, 752, 228 (2017).

17. Elgrishi, N., Rountree, K.J., McCarthy, B.D. and et
al. \A practical beginner's guide to cyclic voltamme-
try", Journal of Chemical Education, 95(2), pp. 197-206
(2017).

18. Jafarzadeh, N., Khataee, A.R., Khosravi, M. and et
al. \Comparative study of dye solution treatment by
electro-fenton process using carbon paper and carbon

paper modi�ed with carbon nanotubes as cathode", Fre-
senius Environmental Bulletin, 21(12), pp. 4022-4049
(2012).

19. Jiang, J.Q., Graham, N., Andr�e, C. and et al. \Lab-
oratory study of electro-coagulation-otation for wa-
ter treatment", Water Research, 36(16), pp. 4064-4078
(2002).

20. Bouhezila, F., Hariti, M., Lounici, H. and et al. \Treat-
ment of the OUED SMAR town land�ll leachate by
an electrochemical reactor", Desalination, 280(1-3), pp.
347-353 (2011).

21. Chen, L., Si, Y., Zhu, H. and et al.\A study on the fab-
rication of porous PVDF membranes by in-situ elimina-
tion and their applications in separating oil/water mix-
tures and nano-emulsions", Journal of Membrane Sci-
ence, 520, pp. 760-768 (2016).

22. National Center for Biotechnology Information,
PubChem. Database. \Reactive blue 19", CID=17409
(https://pubchem.ncbi.nlm.nih.gov/compound/Reactive-
Blue-19) (2020).

23. Fekete, �E., Lengyel, B., Cserfalvi, T. and et al. \Electro-
chemical dissolution of aluminium in electrocoagulation
experiments", Journal of Solid State Electrochemistry,
20, pp. 3107-3114 (2016).

24. Yi, G.C., Wang, C. and Park, W.I. \ZnO nanorods: syn-
thesis, characterization and applications", Semiconduc-
tor Science and Technology, 20(20), pp. 22-34 (2005).

25. Sahu, O., Rao, D.G., Gopal, R. and et al. \Treatment of
wastewater from sugarcane process industry by electro-
chemical and chemical process: Aluminum (metal and
salt)", Journal of Water Process Engineering, 17, pp.
50-62 (2017).

26. Verma, A.K. \Treatment of textile wastewaters by elec-
trocoagulation employing Fe-Al composite electrode",
Journal of Water Process Engineering, 20, pp. 168-172
(2017).

27. Huang, K.Y., Chou, W.L., Wang, C.T. and et al. \Elec-
trochemically assisted coagulation for the adsorptive re-
moval of dimethyl phthalate from aqueous solutions us-
ing iron hydroxides", Journal of the Taiwan Institute of
Chemical Engineers, 50, pp. 236-241 (2015).

94

Archive of SID

www.SID.ir

http://www.SId.ir

