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ABSTRACT

The goal of this research is to describe a promising dye elimination platform based on covalent
coordination framework (CCF) nanoparticles. For this purpose trigonal prismatic molecular build-
ing block was prepared by employing 4-hydroxybenzoic acid and Cr(IIl) salt then the polymeriza-
tion was performed based on the Mannich reaction using phenylenediamine as a linker. Prepared
nanostructure was characterized using Brunauer—-Emmett-Teller (BET), field emission scanning
electron microscopy (FE-SEM), Fourier-transform infrared spectroscopy, X-ray diffraction (XRD),
energy-dispersive X-ray spectroscopy, and elemental mapping techniques. According to the
BET results, the nanoparticles showed a surface area of 13.6 m? g'. Moreover, based on the XRD
and FE-SEM results the nanoparticles have low crystallinity with a diameter between 15-50 nm.
The prepared CCF was employed for the removal of five carcinogenic dyes including; Crystal
violet, Malachite green, Methylene blue, Nile blue, and Sunset Yellow. Experimental results showed
that maximum removal was obtained at a pH of 9 with a shacking time of 20 min. Kinetic study
showed that dye adsorption followed the pseudo-second-order model as well as the dye adsorp-
tion behavior followed the Langmuir isotherm model. A 95% desorption of adsorbed dyes was
observed with a mixture of 1 mL ethanol and HNO, solution with a concentration of 0.1 mol L.
Moreover, the reusability experiment showed after 3 cycles of sorption and desorption the removal
percentage decreased only 5%-10% that confirmed the nano-polymer is a good candidate to
be used as a reusable adsorbent for water purification.
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1. Introduction

Dyes with a frequency of 100,000 different types; are the
main categories of synthetic materials with a critical role in
different industries. In recent decades, more than several
million tons of dyes are consuming in various industries
such as hair colorings, printer paper, textile dyers, plas-
tics, and food technology [1-3]. Despite the wide appli-
cability of dyes, most types of them are categorized as

* Corresponding author.

hazardous compounds that cause allergic dermatitis and
mutations. Besides, their highly visible displeasing effect
causes disturbing the biological phenomena in water eco-
systems. The mentioned drawback of dyes convinced the
researchers to develop efficient and cost-efficient waste-
water treatment techniques to bring the dye value to the
permissible limit in water-bodies [4,5]. Up to now, several
techniques were developed for dye elimination from water
such as; adsorption, oxidation, membrane filtration and
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electrochemical process. Among the mentioned techniques
adsorption is a promising method regarding toxicological
and ecological points [6-10]. One of the main factors in the
adsorption process is the adsorbent type which affects the
efficiency of the process on a huge level. Among the var-
ious type of adsorbents, materials with wide surface area
and porous structure are preferred due to offering high
adsorption capacity, fast removal efficacy as well as provide
adsorption in a selective manner [11-13].

In recent decades several types of porous materials
such as zeolites and porous carbons with unique charac-
teristics are synthesized and employed for water purifica-
tion but some of them have a limited number of specific
active sites as well as a highly hydrophobic surface which
impedes their practical application [14]. Recently, cova-
lent organic frameworks (COFs) attracted great attention
as a new platform for designing advanced organic mate-
rials. Since they allow the atomically precise integration
of building blocks into periodicities [15,16]. These char-
acteristics make COFs excellent candidates for gas stor-
age [17,18], lithium-sulfur batteries [19], photoelectricity,
catalysis and adsorbent [20-22]. Based on the merits of
COFs this work represents a new class of two-dimensional
porous adsorbent called covalent coordination frameworks
(CCFs) synthesized by a two-step approach [23]. The first
step includes trigonal prismatic molecular building block
formation by using 4-hydroxybenzoic acid and Cr(III) salt.
In the second step, the polymerization takes place between
the molecular building block and aromatic diamine com-
pound by the formation of strong covalent bonds based on
the Mannich reaction. The prepared CCF was employed
as a novel adsorbent for the removal of five carcinogenic
dyes including; Crystal violet (CV), Malachite green (MG),
Methylene blue (MB), Nile blue (NB) and Sunset Yellow
(SY). Effective parameters on dye adsorption such as pH,
contact time, and adsorbent dosage were optimized more-
over, kinetic and isotherm models were studied.

2. Experimental
2.1. Materials and instruments

Cr(NO,),9H,0O, methanol, 4-hydroxybenzoic acid, and
1,4-phenylenediamines were used to prepare CCF. Dyes
were supplied from Merck (Darmstadt, Germany). pH
adjustments were performed with HCI and NaOH solutions
(0.1 mol LY.

Several characterization techniques were employed
to study the structure of the CCF. Powder X-ray diffrac-
tion analysis (XRD) was recorded with Philips powder
diffractometer, X’PERT MPD, using Cu-Ko radiation at
A =1.540589 A. Field emission scanning electron microscopy
(FE-SEM), energy-dispersive X-ray (EDX) and elemental
mapping carried out using the SIGMA VP ZEISS instru-
ment. Fourier-transform infrared spectra (FTIR) was mea-
sured with Equinox 55 Bruker at the wavenumber of 400-
4,000 cm™. The N, adsorption—-desorption isotherms were
recorded on a Nova Station A system. A digital pH-meter
(Model 692, Metrohm, Herisau, Switzerland) was used for the
pH adjustment. A LAMBDA 25 UV-Vis spectrophotometer
was used for recording the light absorption behavior of dyes.

2.2. Synthesis of CCF

To prepare CCF nanoparticles, the first step includes the
synthesis of [Cr,(u,-O)(RCO,),] molecular building block. In
a typical run, 1.3 g of Cr(NO,),-9H,O was dissolved in 25 mL
of methanol by refluxing for 30 min. 1.0 g of hydroxybenzoic
acid was dissolved in 25 mL of methanol and added to Cr
solution then refluxed for 24 h. In the subsequent step, the
solvent was evaporated and a dark green mass was collected
[24]. The second step including polymerization based on the
Mannich reaction hence 1.0 g of prepared building block
was dissolved in 50 mL ethanol followed by the addition of
1.0 g of diamine and 0.3 g of p-formaldehyde. The mixture
was refluxed for 24 h and then collected with a centrifuge at
5,000 rpm for 30 min, washed with distilled water, and dried
at 60°C for 6 h. The preparation process has been summa-
rized as the below scheme.

HO.__O
3Cr(NO3)3.9H,0 + 65 — > [Cr3(u3-0)(OHPhCO,)6]
OH
NH.

2

[Cr3(u3-0)(OHPhCO,)6] + + CH,0— polymer nanoparticles

NH,

Fig. 1. Preparation process of the polymer nanoparticles.

2.3. Adsorption procedure

The batch equilibrium technique was used to perform
dye adsorption experiments at room temperature (293 K).
To do so, about 20 mg of CCF nanoparticles were added
into 10 mL of dyes solution of known concentration (10—
100 mg L). After adjustment of pH to 9.0, it was shaken for
20 min to reach the equilibrium. At the end of the adsorption
period, the adsorbent was separated from the dye solution
by applying a centrifuge (5,000 rpm, 10 min). Finally, the
concentration of dyes in the supernatant was determined by
measuring the absorbance at the A_| using a UV-Vis spec-
trophotometer. The amount of dye adsorbed at equilibrium,
Q, (mg g™), was calculated by the following equation:

(Ci_Ce)V

m

Q.= )

At this equation, C,and C, (mg L) are equal to initial and
equilibrium concentrations of dyes, respectively. The V (L) is
the volume of the aqueous solution, and m (g) is the weight
of the CCF nanoparticles.

3. Results and discussion
3.1. Characterization of the CCF

The elemental composition of the CCF nanoparticles
was analyzed by elemental mapping and EDX techniques
and the results are shown in Fig. 2. It can be seen from
Fig. 2a that carbon, nitrogen, oxygen and chromium are
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Fig. 2. EDX spectrum (a) and elemental mapping (b) of the CCF.

the main components of the CCF which are corresponding
to employed starting materials. Carbon with a frequency
of 42.9% that is originated from the phenylenediamine and
hydroxybenzoic acid is the main component of CCF. Other
components of nanoparticles are present in the CCF struc-
ture with good density. Fig. 2b showed the mapping of
the CCF nanoparticles. It can be seen that the elements are
uniformly distributed in the CCF structure.

The crystallinity of the CCF nanoparticles was con-
firmed with the XRD analysis and the pattern is illustrated
in Fig. 3. The pattern shows a main sharp reflection at a
low 20 value of 8.6° attributed to the (001) plan. A clear
low intense peak at 20 value of 24.3° is also observable
which is corresponding to 111 reflections of the CCF. The
observed reflections could be indexed to a pseudo-orthor-
hombic cell [25]. The peak at 20 = 24.3° is equal to peri-
odicity perpendicular to the polymer chain. It also can be
attributed to the distance between the benzene rings in
adjacent chains or the close contact inter-chain distance [26].
According to the angle of the first peak at 8.6° the inter-
layer d-spacing of the CCF is equal to 10.23 A.

The CCF structure contains several functional groups
including C=0O, OH, NH, CH and benzenoid ring. FTIR
spectra were employed for detecting the functional groups
of the CCF. The spectrum is shown in Fig. 4. The spectrum
shows a broad peak at 3,000-3,400 cm™. This district of
FTIR is corresponding to hydroxyl and NH groups which
can be attributed to the stretching vibration of them.
Moreover, the C=0 vibration with high intensity appeared
at 1,600 cm™. A peak with high intensity at 1,374 cm™
corresponds to the OH bending vibration of phenolic
groups [27,28]. Stretching vibration at around 1,500 cm™
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Fig. 4. FTIR spectra of the CCF.

corresponds to (C=C) that can be attributed to the ben-
zenoid ring.

The porosity of the CCF is studied with the N, adsorp-
tion—-desorption isotherm. Results are depicted in Fig. 5a.
It can be seen that the N, adsorption—desorption isotherm
show some hysteresis loop. The loop appearing is owed
to the filling and emptying of the mesopores by capillary
condensation. The isotherm belongs to type II with a sub-
set of B which confirms the pores have a slit shape with
a parallel wall [29]. Moreover, the pore-size distribution
curve of the CCF is shown in Fig. 5b with an average pore
size of 2.0 nm. The specific surface area and pore volume
for the particles were 13.6 m? g and 0.018 cm? g™, respec-
tively. According to the results, the CCF is a mesoporous
compound owed to the defects between the components.

The morphology of the CCF was studied with the
FE-SEM technique and the image displayed in Fig. 6. It can
be seen that discrete particles are not clear. The image showed
aggregated structures that were built of accumulated par-
ticles with a diameter between 15-50 nm. The structure
of the CCF is composed of hydroxyl and amine groups
which interact with each other through hydrogen bonding
and cause aggregation between the particles. Moreover,
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Fig. 5. N, adsorption—desorption curve (a) and pore size distribution (b) of the CCF.
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Fig. 6. FE-SEM image of the CCF.

hydrophobic interactions among the aromatic backbones
induce agglomeration of the CCF nanoparticles.

3.2. Adsorption experiments of carcinogenic dyes
over CCF nanoparticles

There are several variables affecting dye adsorp-
tion efficiency which are important factors in the water
treatment process. The optimization of variables such
as contact time, solution pH, temperature, and initial
dye concentration can help the development of indus-
trial-scale dye removal. In other words, performing of
dye removal process at the optimum conditions makes
the process more efficient and economic. Solution pH
was selected as the first variable to be optimized since,
in aqueous media, surface properties of the sorbent, as
well as the chemistry of the functional groups of dye, are
affected by the pH of the solution hence, the efficiency of
the adsorption process is primarily affected by this param-
eter. The second studied factor in the adsorption process
is the amount of adsorbent or adsorbent dosage that can

maximize or minimize the adsorption efficacy through
changing analyte-sorbent interactions. Removal efficiency
may be lower than the real value at an insufficient value
of adsorbent dosage, besides at a high level of adsorbent
screening effect may occur at the outer layer of the sorbent
particles that hinder the binding sites from the target ana-
lyte [30]. Solution temperature is another factor that can
increase or decrease the removal efficiency if the process is
endothermic or exothermic, respectively. Another variable
is initial dye concentration that may increase or decrease
the efficiency based on the adsorption mechanism, that
is, multilayer or monolayer process. For optimizing the
parameters dyes concentration was constant at 10 mg L™
to avoid further dilution of the supernatant since the dye
concentration should be in the linear range of the UV-Vis
spectrophotometer. Contact time is the final variable that
has been described since based on the experimental results
this factor has a moderate effect on the removal percentage.

3.2.1. Effect of pH

To evaluate the effect of the pH on dyes adsorption
efficiency, several experiments were implemented in the
pH range of 2.0-9.0 at the constant value of other vari-
ables (adsorbent amount of 20 mg and 30 min shacking
time). For this purpose, a series of dye solutions with a
volume of 10 mL and dyes concentration of 10 mg L was
prepared and after adding the adsorbent, was shacked for
30 min. Afterward, the sorbent was separated with cen-
trifugation, and removal percentage was calculated using
Eq. (2), where C, and C, are the initial and equilibrium
concentrations (mg L) of dyes in the solution.

R% = @ %100 @)

0

According to the results in Fig. 7, dye removal
percentage is increased with an increase in working pH and
reached a maximum level at alkaline solutions, that is, the
pH of 9. This can be described based on the dyes structural
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Fig. 7. Effect of solution pH on dye adsorption removal.

charge and surface charge of the adsorbent. In other words,
the most selected dyes are cationic types (SY is anionic
dye) that have a positive electrical charge in their structure.
Besides increasing the pH of the solution, the hydroxyl func-
tional group of the CCF is predicted to exist predominantly in
a deprotonated form with a negative charge. Hence, the elec-
trostatic attraction between cationic dyes and the sorbent sur-
face is the main reason for the high removal efficiency of
dyes from alkali solution [31]. Besides, the sorbent surface
contains several H-bonding sites including; NH and OH
groups which interact with the polar organic dyes through
hydrogen bonding reaction. Among the employed dyes SY
is an anionic dye but it also obeyed the adsorption manner
of cationic dyes with the change of pH, that is, its adsorp-
tion increased with an increase in pH. This manner can be
explained by the m—mt bond formation between aromatic
backbones of the dye and CCF. In other words; the func-
tional groups of the sorbent and SY could be considered
as either electron-donors or acceptors and the tendency
of them to accept or donate electrons also determines the
strength of the m—m bond. At the working pH, the hydroxyl
groups of the dye and the sorbent are in a deprotonated
form that increases the density of electrons in their structure
as a result increases the m—mt binding ability of them [32].

3.2.2. Effect of adsorbent dosage

The effect of adsorbent dosage was examined at three lev-
els of 10, 15 and 20 mg of the CCF and the results depicted in
Fig. 8. It was observed that the removal efficiency enhanced
greatly with an increase in the adsorbent dosage. This situ-
ation is owed to the increase in the density of the surface-
active group as a result; they can capture more value of dye
molecules. In other words, to obtain higher removal effi-
ciency, 20 mg was selected as the optimum adsorbent dosage.

3.2.3. Effect of temperature

Effect of temperature on dyes adsorption has been
examined on 10 mL sample solution with a concentration
of 10 mg L at 293, 313 and, 333 K. The result in Fig. 9
showed that dyes adsorption on the nano-polymer increased
with the increase of temperature. This suggests that the
adsorption is an endothermic process and the adsorption

90

BCV

25 » MG

: = MB

- ”
g 60 -

75' ENE
5 45 |
30 -

s—
10 15 20
Dosage (mg)

Fig. 8. Results of adsorbent dosage effect on the adsorption of
the dyes.
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Fig. 9. Effect of temperature on the adsorption of dyes by the
polymer nanoparticles.

was feasible at high temperature. This situation may be
owing to the increase in the mobility of dyes molecules with
the temperature that increases the diffusion rate of the mol-
ecules through the external boundary layer and the inter-
nal pores of the adsorbent particles [33]. It can be seen that
increase in the removal percentage is not significant as with
the increase of temperature from 293 to 333 K the removal
percentage increased about 4%-8%. Based on the results it
can be concluded that adsorption of the dyes by the adsor-
bent at high temperature is not economic therefore room
temperature (293 K) has been selected for further work.

3.2.4. Effect of initial dye concentration

Results of the effect of initial dyes concentration in the
range of 10-100 mg L on removal percentage are pre-
sented in Fig. 10. It can be seen that the sorption of MG and
NB is 83% and 85% at an initial concentration of 10 mg L.
The removal efficiencies of CV, MB and SY are 72%, 43%
and 41%, respectively. At higher initial concentration, the
efficiency is decreased so that at an initial concentration
of 100 mg L' the removal percentage of CV, MG, MB, SY
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Fig. 10. Effect of initial dyes concentration on the removal effi-
ciency.

and NB is 54%, 67%, 51%, 12% and 40%, respectively. The
observed results can be explained based on the fact that
the structure of the adsorbent possesses a certain num-
ber of active functional groups that react with the dyes
molecules. After the occupation of the sites with dyes,
accessible active sites are at a low level hence the removal
efficiency decreases.

3.2.5. Effect of contact time and kinetic study

Effect of contact time on dyes adsorption was per-
formed within 1-30 min using 10 mL of the dyes solution
with the concentration of 10 mg L. Results are depicted
in Fig. 11. It can be seen that the adsorption process fol-
lowed the same uptake pattern at the mentioned exper-
imental conditions; in other words, it can be seen that
removal percentage is increased smoothly with the increase
in time and then, it is slowed down as the sites are gradu-
ally filled up. The first fast removal within 1 min is due to
the availability of a large number of adsorption sites or the
external electrostatic adsorption in the absence of inter-
nal diffusion. At higher interaction times the kinetics will
be dependent on the rate of dyes transport from the liquid
phase to the CCF surface. The increase in removal efficiency
is not significant after 30 min hence this time is selected
for further work.

The kinetic of dyes adsorption onto CCF was fur-
ther investigated based on the pseudo-first-order and

Table 1

100 -
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Fig. 11. Effect of contact time on dye removal by the CCF.

pseudo-second-order models. These models can be described
with the following linear equations, where K, and K, are the
pseudo-first-order rate constant (min) and pseudo-second-
order rate constant of sorption (g mg™' min™). Moreover,
Q, and Q, represent the amount of analyte adsorbed
at time t and equilibrium (mg g™), respectively [34-36].

In(Q,-Q,)=InQ, - Kt 3)
t 1
0 QK@ @

The values of the kinetic parameters are listed in
Table 1. It can be seen that the second-order model pos-
sesses high linearity with the same R?> values for all
dyes. The high R? values (0.99) for pseudo-second-order
expression suggest that this model may be appropriate
to use for describing the kinetic adsorption properties
of the sorbent. Moreover, the results showed that the
Q, obtained based on the pseudo-second-order model,
has a lower deviation from experimental values com-
pared with that achieved with the first-order model
as a result the pseudo-second-order model can better
describe the kinetic behavior of dyes adsorption by CCFE.

Data of kinetic models for the adsorption of dyes using CCF (adsorbent: 20 mg; pH = 9; sample volume: 10 mL)

cv MG MB SY NB

First-order R 0.9 0.83 0.9 0.88 0.86
K, (min™) 0.19 0.47 0.19 0.23 0.39

Q. (mg g") 0.63 0.37 0.63 1.19 3.32

Second-order R 0.9 0.99 0.9 0.99 0.9
K, (g mg™ min™) 0.88 3.33 0.86 0.36 0.19

Q. (mgg) 3.66 434 37 243 9.09

Q,,, (mgg™) 5.54 425 3.61 2.28 8.33
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3.2.6. Isotherm study and error analysis

The Langmuir and Freundlich isotherm models are
used to further analysis of the effect of dyes concentra-
tion on the sorption process. These models are expressed
by the following linearized equations, where Q, is the
amount of analyte adsorbed per unit mass of the sor-
bent (mg g™') and C, is the amount of analyte in the liquid
phase at equilibrium (mg L™). The Q, is the maximum
adsorption capacity, b is Langmuir constant and K; and n,
are Freundlich coefficients [37,38].

e L ®)
Qc Qan in
1
logQ, =logK, +—logC, (6)
n

The data equal to the Langmuir and Freundlich iso-
therm models are shown in Table 2. Based on the results,
the data for dyes adsorption (except CV) exhibited the
best fit to the Langmuir model since they exhibit rela-
tively higher R? values in comparison with the Freundlich
model. However, the Freundlich model also shows approx-
imately good linearity but the linearity is lower than those
of the Langmuir model hence it may be concluded that
the adsorption process does not follow the Freundlich
model. The accuracy of the suggestion is further stud-
ied with the sum of the squared residual (RSS). This error
function is given as Eq. (7), where Q_  and Q are the
experimental and calculated data from noniinear models [39].

RSS=Y(Q.-Q.,) )

Based on the results presented in Table 2, the Langmuir
model has lower RSS values that revealed the Langmuir
model can better describe the adsorption behavior of
dyes on the CCF.

3.3. Adsorption mechanism

The adsorption process may be occurring through a
chemical or physical route. These phenomena can under-
stand using the results of kinetic and isotherm studies.
The second-order kinetic model is equal to chemisorption
besides; the first-order kinetic model represents physi-
cal adsorption or ion exchange. Moreover, the Freundlich
isotherm model explains multilayer adsorption while
the Langmuir model shows a monolayer chemisorption
process [40]. According to the experimental results, dyes
adsorption onto CCF followed Langmuir isotherm model
and second-order kinetic model hence it can be concluded
that chemisorption is the dominant mechanism of dyes
adsorption; however, physical adsorptions could not be
discarded thoroughly. As a result, it can be concluded
that multiple mechanisms acted simultaneously in dye
adsorption. The chemical structure of the CCF and three
types of dyes are depicted in Fig. 12. It can be seen that
the CCF structure contains several non-polar fragments
including the benzenoid ring and methylene groups.

Table 2

Data of Langmuir and Freundlich isotherm models for the ad-
sorption of dyes using CCF (adsorbent: 20 mg; pH = 9; sample
volume: 10 mL)

Model Constant CV MG MB SY NB
Q (mgg') 476 5263 3846 714 4545

Langmuir | D(LMEY) 0027 0057 0.043 0077 0.068
R? 097 099 098 098 098
RSS 075 075 316 037 18.02
Kmg™"8™) 175 338 233 109 562
(L)

Freundlich 7 138 145 151 243 232
R? 099 098 096 092 091
RSS 031 959 718 121 5628

Therefore, hydrophobic interaction between dyes and the
surface of the sorbent is one of the probable dye uptake
mechanisms by the CCF. The structure of CCF and dyes
also contains polar functional groups, that is, oxy/hydroxy
and amine groups. Hence it can be concluded that hydro-
gen bonds also participate in dye adsorption. Based on the
effect of solution pH on the adsorption efficiency it seems
that the main way for dye adsorption onto CCF nanopar-
ticles is electrostatic attraction since most employed ana-
lytes are cationic dyes which can be adsorbed on the
sorbent surface through interaction with the negatively
charged sorbent [41,42]. This conclusion is based on the
zeta potential measurements in Fig. 13. It can be seen
that the adsorbent surface has a negative charge above
pH of 4 as reached to high negative charge at a pH of 9.

3.4. Desorption and reusability

From a practical point of view, to make the sorption
process more economic, desorbs of the target analyte from
the sorbent surface are necessary. According to results for
the effect of pH, the adsorption of dyes was not efficient
in the acidic mediums hence elution with acidic solu-
tion may be favorable. Moreover, it can be estimated that
the employment of an organic solvent is a good choice to
release the adsorbed dyes. As a result, different concentra-
tion of HNO, solution (0.01, 0.05 and 0.1 mol L) and 1 mL
of ethanol was employed to reuse the adsorbent. It was
observed that in the mixture of 1 mL ethanol and HNO,
solution with a concentration of 0.1 mol L7, the release of
dyes was more than 95%. Moreover, to evaluate the reus-
ability of the sorbent, it was subjected to several loadings
with the sample solution and subsequent elution. It was
found that after 3 cycles of sorption and desorption (Fig. 14),
the removal percentage decreased about 5%-10%. Results
confirmed that the nano-polymer is a good candidate
to be used as a reusable adsorbent for water purification.

3.5. Comparing with other methods

To evaluate the efficacy of the presented work for
dye removal the performance of CCF was compared with
previously used adsorbents for removal of dyes. Three
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Fig. 12. Schematic illustration of dyes adsorption onto the CCF surface.
Table 3
Comparison of dyes adsorption onto CCF with different adsorbents
Adsorbent Dyes removed Q.. (mg g™ Time Dosage References
(min)  (mg)
NiFe,O, — activated carbon Direct red 31, Direct blue 78 299.67, 209.13 25 20 [1]
Exfoliated graphite Methylene blue, Rhodamine B 90, 15 5s 1 [2]
Aspergillus niger biomass Acid yellow 99 544.30 245 20 [4]
Thiourea — chitosan Congo red 44.248 200 100 [5]
Sodium alginate/silicon dioxide = Methylene blue 148.23 150 200 [7]
Zn-Al-NO,-LDH Evans blue 113.64 120 25 [8]
Polymer Remazol Brilliant Blue R 238.10 5991 40 [12]
COF-2D NPs Eosin, fluorescein 55.34, 26.58 170 100 [22]
CoFe O, Remazol Red RB-133 dye 41.7 180 50 [33]
Chromium based CCF Crystal violet, Malachite green, Methylene  47.6, 52.63, 38.46, 30 20 This work
blue, Nile blue, Sunset yellow 7.14, 45.45

adsorption parameters

including

adsorbent dosage,

adsorption capacity and contact time was selected for com-
parison and results are shown at Table 3. It can be seen
that adsorption process on CCF is faster than the must
reported adsorbents along with lower adsorbent dosage
for the dyes removal. Moreover, the adsorption capacity

of target dyes on this adsorbent is in good level as it is in
same level in comparing with COF nanoparticles [22]. In
summary, proposed nano-polymer showed desired prop-
erties such as; fast adsorption rate, low adsorbent dosage,
ease of regeneration and reuse as well as applicability for
removal of both anionic and cationic dye.
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Fig. 13. Zeta potential measurements of the polymer nanopar-
ticles.
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Fig. 14. Reusability results of the adsorbent after three cycles of
sorption and desorption.

4. Conclusions

The coordination covalent framework nanoparticles
were synthesized by the crosslinking polymerization of
chromium-based molecular building blocks and diamine
monomer. Characterization techniques, that is, FTIR,
SEM, EDX, Brunauer-Emmett-Teller and XRD were used
to confirm the formation of the CCF nanoparticles. It was
found that the nanoparticles diameter is about 15-50 nm
with a surface area of 13.6 m? g™'. The prepared nanopar-
ticles were employed for the removal of carcinogenic dyes
from aqueous solutions. Maximum removal was obtained
at pH = 9 within 20 min. Kinetic study showed the adsorp-
tion process followed the pseudo-second-order model.
Isotherm’s study revealed that the Langmuir model can
better describe the adsorption process. Desorption of
adsorbed dyes from the sorbent surface was performed
with a mixture of ethanol - HNO, solution as the release
of dyes was more than 95%. Reusability study showed
that after 3 cycles of sorption and desorption the removal
percentage decreased about 5%-10%. Conclusively, the

synthesized nanostructure might be a promising adsorbent
for the removal of dyes in dye-contaminated water with
good performances.
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