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Abstract

Background and Objective: Synthetic dyes, including the dye agent acid blue 9, are common
pollutants and one of the most persistent environmental pollutants. Developing a simple and effective
method to eliminate non-degradable pollutants is one of the most important challenges in
environmental challenges.

The aim of this study is to evaluate the efficiency of the NiO/CNT nanocomposite in the removal of
acid blue 9 dyes from agueous solutions.

Material and Methodology: In this study, which have been done during spring and summer of 2021,
NiO/CNT nanocomposite was prepared using direct coprecipitation method in an aqueous media in
the presence of CNTs. The effect of various parameters, including the amount of nanocomposite,
aqueous solutions pH, dye concentration, temperature and contact time were studied. Further kinetic
and thermodynamic studies have been carried out.

Findings: The highest absorption rate by 0.1 g of adsorbent as the optimal amount was equal to 98%
at pH =2 of the solution after 1-hour contact solution containing dye with absorbent. The results
show that the kinetic pseudo-second-order model fits the data. Adsorption isotherms were adjusted
with Langmuir model. Thermodynamic parameters, such as AG®, AH® and AS° were calculated and
the obtained values showed that the adsorption was spontaneous and endothermic in nature.
Discussion and Conclusion: In this study, a simple and efficient method was presented to remove a
resistant pollutant in the environment using NiO/CNT nanocomposite.

Keywords: Carbon nanotubes, Nanocomposite, Pollutant, Acid blue 9 dyes, Removal.
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Table 3. Comparison of maximum adsorption capacity (qm) of different adsorbents for dyes
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Table 4. Values of Thermodynamic Parameters of Acid blue 9 onto NiO/CNT
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Figure3. (a) pseudo-first-order (b) pseudo-second-order kinetic models (c) Langmuir, (d) Freundlich (¢)Temkin

adsorption isotherm and (f) Van’t Hoff plot for Acid blue 9 removal by NiO/CNT
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Figure 4. Adsorption Mechanism of Acid blue 9 onto NiO/CNT

A oSS ()0 4 S jaeelT gl ol (LS S sealS ol
AL o ST S gl sasl caws 4 FESEM . i glas
it 55y 6Ll gl apaST US55 wols s
ool Cesd &y sl (izman 5 il e 5 sl 5 S35
gl ) 2 ST JSS 3 Jlasl i Cu el 6l (s
ool Caws & s ole J18 0l ojee 1) cu)S sladlglsil
4S5 e oo liS D alp p Fee eyl (gile ane
Fo et gy PHEY oo byl i o S5, g B>
P51 il ey s Sy ) e S e Vo 2l adSs
wlio 5l oams s ol Cews & s sl 0oy

Al ol ool 45" adlb oo j1eSY iz p gl L Lo ool
S5 0deny g DIl e (L SlaplSe 0 ) Qi

5 Suiiaw ) edmal Cews an slaosls .ol gAY

adolee 5l Laosls s sasmailis 0ds Swlusge s

alf os s3> 5 peTlesS poe aiye Al St

Sl L

09,5 ;o o plol al )l sl IS aeb LG 5 dlde oyl
ol o1 o8l o § (2108 mlio cwdige g psle

W PR C‘)M‘ 055¢|9.u J.‘>|5

SO e S0
L ome 4 el o ool GLii ¥ USLE o aS ok las
Lo (9l S S0 9925 abanly 4 D3l mhaw (sl
Ky 9 00l Sute 5l (lo iy Cu 59l 9l ST 595
il Ly Soisily s sl 09,5 3l Ly 8 5y
T GuiSed p uizred 305 (o0 D3> Qi (Sblg xSl
slasSge Sileg)l slodil> 5 25 sloalglyil (e T
SO 93 menilSe )3 odes Y5 I (S5,008 Ny 9 S,

A5l o NIO/CNT o5l gl Gl lawg gl an

G5 Al g S

cilizee sla el b 1o asls y NIO/CNT ey jlS ol
ooled log g Lo o5, adgl cdale « pH (03l lade Jols
20l (n e 9 85 )3 s p 9590 0 e 55 2
bgye slo islejl g o aseiee B> SIS iol3dl g
Pl i (Seoligsgoy g St oyl sS4
Sl (2 polite 410005 s 2l Jsloro )0 efins
ool wl FESEM s FTIR (sla iUl 5l oo jw oS 5
4 bgye slacsly 9439 FTIR 5JUT ol 4y avgi b .o

38 O9dle b 50 9T S 0,393 9 ()5 sladlglyil



v

e b o ZMol (0,5 gl il o jomolS gl (S Ulgs (o y

6.

10.

11.

12.

Baysal, A., Ozbek, N., & Akman, S.,
2013. Determination of trace metals in
waste water and their removal
processes. Waste Water-Treatment
Technologies and Recent Analytical
Developments, 145-171.

Moussavi, G., & Mahmoudi, M., 2009.
Removal of azo and anthraquinone
reactive  dyes  from industrial
wastewaters using MgO
nanoparticles. Journal of hazardous
materials, 168(2-3), 806-812.

Hu, J., Song, Z., Chen, L., Yang, H.,
Li, J., & Richards, R., 2010.
Adsorption properties of MgO (111)
nanoplates for the dye pollutants from
wastewater. Journal of Chemical &
Engineering Data, 55(9), 3742-3748.

Rubab, R., Ali, S., Rehman, A. U.,
Khan, S. A.,, & Khan, A. M., 2021.
Templated synthesis of NiO/SiO2
nanocomposite for dye removal
applications: Adsorption Kinetics and
thermodynamic  properties. Colloids
and Surfaces A: Physicochemical and
Engineering Aspects, 615, 126253.

Shokati, S., Safa, F., 2018. Application
of magnetic nanocomposite of multi-
walled carbon nanotube for removal of
Direct Green 26 dye from aqueous
solutions: Response surface modeling
and kinetic studies, Applied Chemistry,
13(48), 125-136 (persian).

Calimli, M. H., 2021. Magnetic
nanocomposite cobalt-multiwalled
carbon nanotube and adsorption
kinetics of methylene blue using an
ultrasonic batch. International Journal
of  Environmental Science and
Technology, 18(3), 723-740.

Diva, T.N., Zare, K., Taleshi, F. and
Yousefi, M., 2017.  Synthesis,

References
1. Konicki, W., Sibera, D., Mijowska, E.,

Lendzion-Bielun, Z. and Narkiewicz,
U., 2013. Equilibrium and Kkinetic
studies on acid dye Acid Red 88
adsorption by magnetic ZnFe;Os
spinel ferrite nanoparticles. Journal of
colloid and interface science, 398,
152-160.

Januario, E. F. D., Vidovix, T. B,,
Bergamasco, R., & Vieira, A. M. S,
2021. Performance of a hybrid
coagulation/flocculation process
followed by modified microfiltration
membranes for the removal of
solophenyl blue dye. Chemical
Engineering and Processing-Process

Intensification, 168, 108577.

Zhao, J., Liu, H., Xue, P., Tian, S.,
Sun, S., & Lv, X, 2021. Highly-
efficient PVDF adsorptive membrane
filtration based on chitosan@ CNTs-
COOH simultaneous removal of
anionic and cationic
dyes. Carbohydrate ~ Polymers, 274,
118664.

Cseri, L., Topuz, F., Abdulhamid, M.
A., Alammar, A., Budd, P. M., &
Szekely, G., 2021. Electrospun
adsorptive nanofibrous membranes
from ion exchange polymers to snare
textile dyes from
wastewater. Advanced Materials
Technologies, 2000955.

El-Sewify, I. M., Radwan, A., Shahat,
A., El-Shahat, M. F., & Khalil, M. M.,
2022. Superior adsorption and removal
of aquaculture and bio-staining dye
from industrial wastewater using
microporous nanocubic Zn-
MOFs. Microporous and Mesoporous
Materials, 329, 111506.




Hen g Sliss

VP oloolo po IFF o Lol ccamn ) duxo (55419550 g pole aA

19.

20.

21.

22.

23.

24,

Madrakian, T., Afkhami, A., Ahmadi,
M. and Bagheri, H., 2011. Removal of
some cationic dyes from aqueous
solutions using magnetic-modified
multi-walled  carbon nanotubes.
Journal of hazardous materials, 196,
109-114.

Al-Degs, Y.S., Abu-El-Halawa, R. and
Abu-Alrub, S.S., 2012. Analyzing
adsorption data of erythrosine dye
using principal component analysis.
Chemical engineering journal, 191,
185-194.

Gong, R., Liu, Y., Jiang, Y. and Li, C.,
2009.  Isothermal,  kinetic  and
thermodynamic studies on basic dye
sorption onto tartaric acid esterified
wheat straw. African Journal of
Biotechnology, 8(24).

Shokoohi, R., Vatanpoor, V., Zarrabi,
M. and Vatani, A., 2010. Adsorption
of Acid Red 18 (AR18) by activated
carbon from poplar wood-A kinetic
and equilibrium study. E-Journal of
Chemistry, 7.

Pazoheshfar, S.P., 2009. Survey
Removal of phenol from contaminated
water using activated carbon and
carbon skin almonds and walnuts.
Environmental Science and
Technology, 10(4), 219-33.

Nekouei, F., Nekouei, S., Tyagi, I. and
Gupta, V.K, 2015. Kinetic,
thermodynamic and isotherm studies
for acid blue 129 removal from liquids
using copper oxide nanoparticle-
modified activated carbon as a novel
adsorbent. Journal of Molecular
Liquids, 201, 124-133.

13.

14.

15.

16.

17.

18.

characterization, and application of
nickel oxide/CNT nanocomposites to
remove Pb " from aqueous solution.
Journal  of  Nanostructure in
Chemistry, 7(3), pp.273-281.

Bilal, M., Shah, J. A., Ashfag, T,
Gardazi, S. M. H., Tahir, A. A,
Pervez, A., ... & Mahmood, Q. 2013.
Waste biomass adsorbents for copper
removal from industrial wastewater—a
review. Journal of hazardous
materials, 263, 322-333.

Osagie, C., Othmani, A., Ghosh, S.,
Malloum, A., Esfahani, Z. K., &
Ahmadi, S. 2021. Dyes adsorption
from aqueous media through the
nanotechnology: A review. Journal of
Materials Research and
Technology, 14, 2195-2218.

Navaei, T., Zare, K., Taleshi, F.,
Yousefi, M. 2018. 'Removal of Cd?*
from Aqueous Solution by Nickel
Oxide/CNT Nanocomposites', Iranian
Journal of Chemistry and Chemical
Engineering (1JCCE), (), pp. --
Monier, M., Ayad, D.M., Wei, Y. and
Sarhan, A.A., 2010. Adsorption of Cu
(1, Co (I, and Ni (1) ions by
modified magnetic chitosan chelating
resin. Journal of Hazardous Materials,
177(1-3), pp.962-970.

Ghaemi, A., Shirvani, M., 2019.
Prediction of Phenol Adsorption by
Sawdust from Wastewater Using
Intelligent Methods. J. Env. Sci. Tech.,
21(2), pp.37-55. (In Persian)

Monsef Khoshhesab, Z. and Ahmadi,
M., 2016. Removal of reactive blue 19
from aqueous solutions using NiO
nanoparticles: equilibrium and kinetic
studies. Desalination and Water
Treatment, 57(42), 20037-20048.




