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ABSTRACT

ypothesis: The presence of dyes in water sources has posed challenges for
Henvironmental scientists due to their high thermal and chemical stability

against degradation by light, heat, and natural oxidants. The presence of dyes
in water sources has not only reduced the penetration of sunlight into the water but also
endangered the health of humans and living organisms. In this regard, hydrogels are
effective adsorbents for the removal of dyes. In this study, carbon black nanoparticles
were used to improve the removal performance of fuchsin dye by carboxymethyl
cellulose grafted acrylic acid and itaconic acid copolymers hydrogel (carboxymethyl
cellulose-g-poly(acrylic acid-co-itaconic acid)/carbon black nanocomposite).
Methods: Copolymer and nanocomposite hydrogels were synthesized by free radical
polymerization method. The performance of their adsorption in different operating
conditions was investigated in batch mode. Fourier transform infrared spectroscopy

(FTIR), X-ray diffractometry (XRD) and scanning electron microscopy equipped
X-ray energy dispersive (SEM-EDS) were used to identify synthesized adsorbents.

nanocomposite hydrogel, Findings: The maximum removal efficiency of nanocomposite containing 5% (by

grafted copolymer, weight) of nanoparticles in operating conditions of pH 7, adsorbent dose 1 g/L, initial

concentration 10 mg/L and contact time 60 min was 98.76%. Kinetic analysis showed
that the experimental data followed a pseudo-second-order model. Examination of
adsorption, the equilibrium data showed that the Langmuir model is the most suitable model for
fitting the data. The maximum adsorption capacity for copolymer and nanocomposite
hydrogels was 31.6036 and 33.75247 mg/g, respectively, showing the effectiveness
of the addition of nanoparticles in improving the performance of the hydrogel for the
removal of fuchsin dye. Finally, it can be concluded that the synthesized adsorbents
have a high potential for the remediation of fuchsin dye.
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Table 1. Composition of prepared nanocomposite hydrogels (Hyd/CB).

Nanocomposite hydrogel CMC (g) AA (g) 1A (g) KPS (g) MBA (g) CB (wt%)
Hyd (1) 1 6 1 0.18 0.03 0
Hyd/CB (2) 1 6 1 0.18 0.03 2.5
Hyd/CB (2) 1 6 1 0.18 0.03 5
Hyd/CB (3) 1 6 1 0.18 0.03 7.5
Hyd/CB (4) 1 6 1 0.18 0.03 10
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Fig. 1. FTIR spectrum of (a) MBA, IA, CMC, carbon black, copolymer hydrogel, and nanocomposite hydrogel containing 5 wt%

carbon black nanoparticles and (b) copolymer hydrogel and nanocomposite hydrogel containing 5 wt% carbon black nanoparticles

before and after dye adsorption.
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Fig . 2. XRD spectrum of: (a) carbon black, (b) copolymer
hydrogel, and (c) nanocomposite hydrogel containing 5 wt%

carbon black nanoparticles.
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Fig 3. SEM micrographs of: (a) carbon black, (b) copoymer hydrogel, (c) nanocomposite hydrogel, and (d) EDS-Mapping of

nanocomposite hydrogel containing 5 wt% carbon black nanoparticles.
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Fig. 4. Effect of carbon black nanoparticles on (a) equilibrium swelling and (b) removal efficiency of fuchsin dye (contact time

60 min, adsorbent dose 1 g/L, temperature 25°C, pH=7, initial dye concentration 10 mg /L, and mixing speed 600 rpm).
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Fig. 7. Effect of pH on the removal efficiency of fuchsin dye
(contact time 60 min, temperature 25°C, adsorbent dose 1 g/L,

initial concentration 10 mg/L, and mixing speed 600 rpm).
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Fig. 5. Effect of adsorbent dose on the removal efficiency of
fuchsin dye (contact time 60 min, temperature 25°C, pH=7,
dye concentration 10 mg/L, and mixing speed 600 rpm).
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V& s )b (32398 A 0 lasls (@igg o Jw posly 539)93S5 9 pole ok dxo



100
o Hyd
801 = Hyd/CB

60

401

Removal efficiency (%)

201

5 10 20 30 40 50 60 80 100 130
t (min)

NO°C Les) o b 55, Bl 035l wles Oles 1A 02
Lol e e 5 Ve mg/l 55 clale pH=V ) g/L bl 53

(F++ rpm
Fig. 8. Effect of contact time on the removal efficiency of
fuchsin dye (temperature 25°C, adsorbent dose 1 g/L, pH=7,
dye concentration 10 mg/L, and mixing speed 600 rpm).

E A S E 5 kS i Gl pss e
ol gbacs b Lo i sl a5 ol VoYY mg/g 5 4/V0
o glecd O s e 0L Jue )l o)l s Jolas

DAY el 55 Cdr Ayl b S oS 1S

Do Sldpd (gu)y

Langmuir  gle>as vy TV K R ¥ g T B
U,Z.SVJA}J S S, ¢l ((7) asles) Freundlich 5 ((0) dsles)
sl 0l aslazal ol sid 5 L3l

— qulce
LTk, ®
1
qe = KFCe; (9)

= poshinF 03 )93 Jigas Solghuw ke S 9125 FI91el9IL U9 dud adla 3 yShas i)l 9 sian

wbed Ol I
eSS, Gl Aoy p el Ol Gl ey (Giash cpl o
YAAK by s pH=V ) gL 55 O mg/l sl clle ;s b8
Fomin s Bl a3l i A K8 4 a5 L cl sl ol
4 e LS oo My Rl S e uled Oley 131 L s
by bl OLal S 5ok J ol Jlb slacaaise s
033 (s ool b0 3l a5 ot VT Jgloe o S0
Jb glacsdpe OAsplal 5 clle 0Ll S fals L il
2 GA e Oles Rl Bl s dey oo ol L8 (gl 4 3L
g oled Ol (Liass ol o [YY] sl ) Gl e
el ol 4 L5 3% min Ol 5 8 L, ol ¢l

P St ()
5 ((F) dslee) Jgl 4 jnacs ot o sladde 51 Jags cpl 5o
odlial dor S g5l o sReas ((F) dlolae) pss 4 el

q, =q.(1-exp(-k;t)) ()
2
. — quet (‘f)
1+k,q.t

e b s (Dl o 8B S S q s g, dslee s
o Sl ja k) (g/mgamin) sk (minT) 5 e Obej s
slaesls 25l 5 5l Lol C’:’L’ el 3> 3 Jol a e Jue
RY) Siser oy aslie .o ool Y Jsdr 5 S
Jde 4 oy cpl lie iy (s o 0L Siw sladie

Ll by e 03 ax et
de sl 5 (q,) eddabee Dol Ol o b

e,cal

033 ar a5 ol prad (S sladde ol Y s

Table 2. Coefficients of pseudo first orderand pseudo second order kinetic models.

Adsorbent Adsorbent
Kinetic model Kinetic model
Hyd Hyd/CB Hyd Hyd/CB
Pseudo first order Pseudo second order

q,., (mg/g) 11.58 10.3 q, ., (Mg/g) 9.75 10.32
k, (min™) 0.04314 0.06027 k, (g/mg.min) 0.00435 0.00677

R? 0.90 0.86 R? 0.96498 0.984

A, e (mg/g) 9.582 9.926
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Table 3. Coefficients of Langmuir and Freundlich isothermal models.

Adsorbent Adsorbent
Isotherm model Isotherm model
Hyd Hyd/CB Hyd Hyd/CB
Langmuir Freundlich
q,, (mg/g) 31.6036 33.75246 n 5.26858 6.24712
k (L/mg) 0.87473 2.83489 K, (mg/g.(L/mg)'™) 16.14816 20.53491
R? 0.99154 0.97924 R? 0.84205 0.88965
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Table 4. Evaluation of the performance of synthesized adsorbents in comparison with other adsorbents.

Adsorbent q,,, (mg/g) Reference
De-oiled biomass (Sargassum myriocystum) 9.9 25
Guggle-g-p(AAm-co-AA)/bismuth ferrite 0.439 26
Graphite oxide modified polyurethane foam 1.834 27
Iron-manganese oxide coated kaolinite 10.36 28
Guar gum bonded with B-cyclodextrin microspheres 24 29
CMC-g-P(AA-co-1A) 31.6 This work
CMC-g-P(AA-co-IA)/CB 33.75 This work
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