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ABSTRACT

In this research, removal of Rhodamine B (RB) dye from aqueous samples
was investigated by a new Ni (II) based metal-organic framework (MOF)
synthesized named [Ni(IT) L]n [where L= 4, 4’-diamino diphenyl sulfone]
(Ni- MOF). These materials were fully characterized using Fourier
transform infrared (FT-IR), field emission scanning electron microscopy
(FESEM), energy-dispersive X-ray spectroscopy (EDX), TGA/DTG and
X-ray diffraction (XRD). WE used response surface methodology (RSM)
based on the central composite design (CCD) to study the effects of four
various parameters including dye concentration, MOF dosage, contact
time and pH on the process of adsorption. The optimal condition for
removal of RB was achieved for pH=9, 0.063 g of MOF for 25 mL of 16.06
mg/lit dye concentration and contact time of 39 minutes. Adsorption
equilibrium and kinetic data were fitted with the Langmuir monolayer
isotherm model (q, =163.66 mg/g and R*= 0.9827) and like pseudo
second-order kinetics mechanism (R?=0.992).
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INTRODUCTION

In today’s life, the lack of safe water is one of
the main problems of human societies, so there’s
no wonder that treatment of toxic and nontoxic
pollutants from the water resource has become of
great importance.

[1]. Synthetic dyes are one of the major
reasons of water pollution, that not only lessen
the transparency of water bodies in the aquatic
system, but also influences human health directly
or indirectly [1, 2]. It is stated that more than
100,000 commercial dyes are produced every year
and poured into wastewater without purification

* Corresponding Author Email: ta.momeni@iau.ac.ir

[3]. Rhodamine B (RB) a widely administered
dye in food industries, biological staining, and
biomedical laboratories, accounts as a the most
substantial water-soluble organic dye, [4]. Because
of the cancerous nature of RB, the administration
of RB has been omitted in food industries for
years. But, along with the development of industry
and the illegal depletion, RB still has administered
food supplies encountering to human health
risk. Therewith, the removal of dye from liquid
waste is of topmost emphasis prior to entering
in water flow and impact on environment. [5].
Different physical and chemical techniques of
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color removal from aqueous solution include
methods like electrolysis [6], flocculation [7],
chemical oxidation [8], and adsorption [9-11]
have been utilized by researchers [12]. Also lately,
sophisticated equipment involving photochemical,
electrochemistry, chromatographic, etc. has
been applied [13]. The adsorption method is
the most extensively utilized high impressive,
low-cost technique to dye removal from water.
Different adsorption materials like commercial
active carbon, metal- organic framework natural
materials, and bio adsorbents have been utilized
for dye adsorption processes [14-17].

Mmetal-organic frameworks (MOFs) consider
as a crystalline porous material that are famous for
their different applications. MOFs have a topmost
application, gaining the interest of researches
for having a simple synthesis method. Layering
of solutions, solvent evaporation reactants,or
slow diffusion are the most applicable synthesis
method[18-24]. MOFs are preferable porous
materials due to their high/tunable porosity,
nanoscale porosity, large surface area, variant
structures pore functionality, diverse pore
architectures/compositions, free metal sites,
and etc. There have a broad application, primary
for removal, separation, and adsorption-based
determination processes. So, lately, some studies
have been focused on the adsorption/separation
properties of different pollutants with MOFs [16,
25-27].

Different methods are available for process
optimization. Response surface methodology
(RSM) are prosperous approaches for process
optimization. These two mentioned methods
increase the efficiency of process, depletion the
number of unnecessary parameters in the process,
contributing to lower operation cost and more fast
experimental studies [28]. RSM is a collection of
experimental design techniques modeling the
experiment using mathematical and statistical
methods grading the impact of some parameters,
and obtaining the preferential conditions for an
optimal response using a minimum number of
experiments. RSM illustrates the relevence of
various independent factors with one or more
responses. The goal of RSM method is to get the
favorable response and discovering the variation
of response in a given direction using adjustment
of the design factors [29].

There was notany report for the dye degradation
efficiency of Ni (Il) based metal-organic framework
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(MOF) adsorbent. In this study, removal of
Rhodamine B (RB) dye from aqueous samples by
a new Ni (II)- MOF synthesized named [Ni (Il) L] n
[where L= 4, 4’-diamino diphenyl sulfones (DAP)]
was studied. The influence of parameters like pH
of the solution, primary concentration of dye, a
dosage of MOF, and contact time were evaluated
by central composite design (CCD; 5 levels and 4
factors) using RSM. However, this study observed
that Ni-MOF can be considered as a catalyst [30].

MATERIALS AND METHODS
Materials and instruments

Chemicals including Rhodamine B (RB), HCI,
NaOH, 4, 4’-diamino diphenyl sulfone (DAP) and
Ni (NOs) ,6H,O were purchased from Sigma-
Aldrich. One gram of RB was dissolved in 1000 ml
double distilled water as the stock solution (1000
ppm) of Rhodamine B and working solution with
desired concentration was obtained from dilution
of stock solution. First, the Ni (Il)- MOF was
synthesized and in the second step it characterized
by FT-IR, FESEM, EDX and XRD. The field emission
scanning electron microscopy (FE-SEM; Philips,
XL30, Netherland) was applied for morphological
study of MOF. An automated diffractometer with
Cu K, radiation (ASENWARE AW-XDM300, 40KV)
was applied for X-ray diffraction (XRD) pattern.
FT-IR spectrophotometer (Perkin ELMER) was
applied to record the absorbent of material using
Fourier transform infrared spectroscopy. The RB
concentration was determined with Agilent UV/
Vis 8453 spectrophotometer at wavelength of
542 nm. The experimental design analysis was
performed using the design expert software
version 7.0.0 Trial.

Preparation of organic-metal framework of nickel
particles

The MOF was prepared via a solvent
evaporation method [31]. The molar ratio of DAP
ligand to Ni(NOs),6H,0 for the synthesis of MOF
of nickel particles was mmol. first, DAP dissolve
in methanol at room temperature and stirred by
magnetic stirrer for 10 minutes, then the solution
of Ni(NOs3),6H,0 was added to it . Obtained
solution stirred and then NaOH solution(10%) was
added dropwise. The final solution was stirred for
60 to 80 min and it was heated for 20 min in 50
°C. Finally, the filtered solution was rinsed with
methanol to make a pure deposition and allowed
to evaporate for several days[30].
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Adsorption experiments

The adsorption of RB onto MOF in removal was
studied in batch experiments. Four successive
run performed in a fixed time interval according
to the experimental design pattern. Filtration
method utilized for extracting of MOF and RB
concentration in the supernatant determined
using UV-Vis spectrophotometer. The calibration
of the RB concentration according to the Beer-
Lambert law at the maximum wavelength of 542
nm. Removal percentage(%R) and equilibrium
adsorption of the RB by MOF from the aqueous
solution were calculated using the following
equations respectively [32]:

C,—C
%R=%x1oo (1)
0

_ Co—Ce

ExV (2)

Qe

Where C, and C_ are the first and equilibrium
concentrations of the RB in mg L%, Q_ is the
equilibrium adsorption capacity of RB at C, (mg
g?), Vis the volume of the solution (L) and w is the
mass of MOF (g).

Experimental design and statistical analysis
Response Surface (RSM) methods utilized
for optimization of the relation between four
factors and their responses. The second order
model focusing on removal process performed
using public optimization model of RSM and
Central Composite Design (CCD), [3, 33]. In the

Table I. Central Composite Design Parameters Obtained for different Runs, Experimental Values of four Variables, and Responses

for the Adsorption of RB by Ni-MOF.

levels
Factors
-a -1 0 +1 +a

A: pH 3.00 5.00 7.00 9.00 11.00

B: RB Concentration (mg L) 5.00 10.00 15.00 20.00 25.00

C: Ni- MOF dose (g) 0.020 0.035 0.050 0.065 0.080

D: contact time (min) 10.00 20.00 30.00 40.00 50.00

Factors % Removal
Run A B(mg L?) C(g) D(min) Predicted Experimental

1 11.00 15.00 0.050 30.00 78.98 79.75
2 9.00 20.00 0.065 40.00 99.05 99.81
3 5.00 10.00 0.065 20.00 45.74 44.83
4 7.00 5.00 0.050 30.00 89.57 90.56
5 3.00 15.00 0.050 30.00 14.29 14.24
6 9.00 10.00 0.065 20.00 83.04 82.48
7 9.00 10.00 0.035 40.00 94.59 93.16
8 7.00 15.00 0.050 50.00 92.17 91.98
9 7.00 15.00 0.020 30.00 79.89 80.17
10 5.00 20.00 0.065 40.00 80.95 79.91
11 9.00 20.00 0.035 20.00 80.80 80.85
12 9.00 20.00 0.065 20.00 83.02 81.62
13 7.00 15.00 0.050 30.00 90.87 90.26
14 7.00 15.00 0.080 30.00 88.51 88.94
15 7.00 15.00 0.050 30.00 90.57 90.26
16 5.00 20.00 0.065 20.00 39.97 41.5
17 7.00 15.00 0.050 10.00 52.45 53.36
18 9.00 20.00 0.035 40.00 88.41 88.52
19 7.00 15.00 0.050 30.00 89.90 90.26
20 9.00 10.00 0.035 20.00 92.71 92.95
21 7.00 15.00 0.050 30.00 89.01 90.26
22 5.00 10.00 0.035 40.00 67.16 67.76
23 7.00 15.00 0.050 30.00 90.48 90.26
24 5.00 10.00 0.035 20.00 48.02 47.34
25 5.00 20.00 0.035 20.00 33.59 32.79
26 7.00 25.00 0.050 30.00 82.87 82.59
27 9.00 10.00 0.065 40.00 93.22 93.22
28 5.00 20.00 0.035 40.00 60.02 60.66
29 7.00 15.00 0.050 30.00 90.68 90.26
30 5.00 10.00 0.065 40.00 75.74 75.78
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present research, five levels were applied for four
parameters including pH, contact time, initial dye
concentration and adsorbent dosage. The content
and levels of the four mentioned independent
parameters with real and coded amounts of
each parameter have been listed in Table I. Two
levels; low (-1) and high (+1) were coded for the
independent parameters, in which the axial points
are coded as -2 and +2. A five-level-four-factors full
fraction central composite design was applied to
build a second-order response surface model using
30 randomly runs and the percentage of removal
for each runs was calculated. The complete CCD
design matrix as an actual independent parameter
is applied and the obtained result is presented
in Table I. To reduce the rate of errors, the
experiments were repeated several times. The
model of the adsorption process is explained by
the following quadratic equation [34]:

y=Bo+ 21 Bi Xi + X, B X7

3
+XE, 2}21 Bij Xi X; + ¢ )

Where Y is the predicted response function

(% Removal), B, and € are constant and error
terms respectively, X, and Xj are the coded values
of our independent parameters, B, is the linear
coefficient, B, is the quadratic coefficient and Bu is
the interaction coefficient.

The collected number of 30 runs were
applied to find mathematical correlate
among the independent parameters and the
corresponding response values. Results were
analyzed by using the analysis of variance
(ANOVA) and the validity of the response
surface model was investigated by measuring
the regression coefficients (R?) and the
lack of fit (LOF) of the model. Moreover, the
most effective factors were determined on
the basis of F- values and P- values (confidence
surface= 0.95). In addition, by plotting the three-
dimensional plots of response (% Removal) vs.
significant parameters using Design-Expert 7
software, the best condition of dye adsorption was
found graphically [35].

RESULTS AND DISCUSSION
Characterization of MOF

The FT-IR spectrum of the Ni-MOF and 4,
4’-diaminodiphenyl sulfone (DAP) ligand are

Transmittance [%o]

.
[/
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NH: . NH

D)Ni-MOF "

4 4'-Diaminodiphenylsulfone. (DAP
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Fig. 1. FT-IR spectra of (a) DAP, (b)Ni-MOF

758

J Nanostruct 13(3): 755-768, Summer 2023
(@)er |



B. Mohammadi et al. /Removal of Rhodamine B Dye Using a Ni-based MOF Adsorbent

illustrated in Fig. 1. The FT-IR of DAP spectrum
(Fig. 1a) shown a band within the range of 3454-
3238 cm™ and a band in 1587 cm™ correspond to
symmetric and asymmetric stretching vibration of
NH, and NH and bending mode of NH. The bands
observed at 1145-1277 cm™ corresponds to both
symmetric and asymmetric style of SO, stretching
fluctuation and the S=0 bending fluctuation at 554
cm™. The bands appearing at 1495-1632 and 3235
cm™ are corresponded to the aromatic C=C group
and to stretching fluctuation of aromatic C-H,
respectively. The observed peak at 1075 and 1586
are assigned to C-N stretching and N-H bending
vibrations, respectively. Fig. 1b shows the FT-IR
spectrum of the Ni-MOF demonstrating bands
at 3313,3471,3243,3442 cm™ from N-H groups,
1133 and 1282 cm™ stretching vibrations and, 544
cmbending vibration from SO, group,1631 and
1492 the aromatic C=C group,1075 and 1595 cm™
corresponded to C-N and bending fluctuation of
N-H , respectively. The mass of the bands of Ni-
MOF and DAP were nearly matching although,

(052
S

10 20 30

(202)

stretching and bending vibrations were shifted.

Fig. 2 displays the pattern of X-ray diffraction
of Ni-MOF and DAP ligand. The peaks appeared
in diffractogram of Ni-MOF are in agreement
with DAP and Ni patterns with orthorhombic
crystal system (JCPDS card no. 00-040-1928) and
cubic structure (JCPDS card no. 01-089-2810),
respectively. The XRD pattern of Ni-MOF (Fig. 2b)
shows distinct crystalline peaks around at 26= 45°
and 51.25° respectively related to (111) and (200))
crystalline planes and clearly have been revealed
the presence of Niin Ni-MOF [36]

The surface morphology of synthesized Ni-
MOF was characterized by FESEM microscope(Fig.
3). The image of FESEM represents a superficial
area with slightly ordered and porous structure
that confirms highly uniform distribution of Ni-
MOF. The EDX spectrum of sample is also given
in Fig. 3. The presence of Carbon, Sulfur, Oxygen,
Nitrogen, and Nickel peaks in spectrum indicates
the incorporation of these elements in sample.

Values of the surface area, mean pore diameter

Ni(111)

(b) Ni-MOF

(421)

Ni (200)

(a)4.4'-Diaminodiphenyl sulfone
JCPDS: 00-040-1928

50 60 70

Fig. 2. XRD pattern of (a) DAP, (b)Ni-MOF
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Fig. 3. FESEM image and EDX spectra of Ni-MoF

and total pore volume at P/PO = 0.99 of Ni-MOF
was achived using physical adsorption-desorption
of Nitrogen gas 6.669 m3/g, 22.646 nm and
0.038 cm?/g respectively (Fig. 4). The shape of
hysteresis loop in Fig. 4 implies that the Ni-MOF
structure is exhibited type IV of isotherm which is
characteristic of mesoporous solids according to
IUPAC classification.

Thermogravimetric and differential gravimetric
analysis (TGA/DTG) results of synthesized Ni-MOF
hasbeenshowninFig.5. TGA usesathermobalance
to estimate the relationship between mass and

the temperature in the range of 25 - 800°C under
argon flow with the slope of 20°C per minute.
According to the TG curve, 3.65% initial weight
loss has happened in the temperature range of
31.98 - 123.45 °C because of water evaporation
for adsorbed foreign molecules and after that,
the amount of weight has almost reached a stable
state. Until at 367° C, pyrolysis of the organic
moiety causes a %46 reduction in the weight of Ni-
MOF. Therefore, it can be concluded that there is
thermal stability for Ni-MOF at temperatures less
than 360° C.

30
0.05
0.04 4
003
&0
20 -:5_ 0.02
o
. B
2 0.01
=
7
= 0 T T
° 0 20 40
Aﬁ
10 4
—— Adsorption
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0 T T T T
0 02 04 0.6 08 1

plpo

Fig. 4. BJH method (inset)of Ni-MOF for evaluation of N2 adsorption—desorption
isotherm and pore size distribution
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Fig. 5. DTG-TG thermogram of Ni-MOF

Central composite design

As previously described in this study, CCD
method was used to investigate the effect of four
factors: pH, contact time, adsorbent dosage and
RB concentration (Table 1) to remove RB and
determine the necessary conditions for optimizing
the results.

Analysis of variance (ANOVA) was administered
to evaluate the removal percentage of the RB dye
(Table 2). The F-test was performed for finding the
validity of the polynomial model equation based on
the coefficient of determination (R?) and statistical
significance of the equation. P-values <0.05 is
considered as the significance of each term, at 95%
confidence level. In this way, the model was able
to predict and determine the removal percentage
of RB dye in terms of important parameters.

Eq. (4) illustrates the relation between removal
percentage (%R) and the actual independent
parameters:

Y (%R) =90.26 + 16.384 — 1.99B

+2.19C +9.65D + 0.614B

—1.99AC — 5.054D + 2.81BC )
+1.86BD + 2.63CD — 10.82A%

—0.92 B? — 1.42C? — 4.40D?

The positive and negative coefficients determine
that their corresponding terms positively or
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negatively are influence the response.

Fisher’s F test in the ANOVA was used for
statistical evaluation of the designed model.
The ANOVA results for removal percentage are
illustrated in Table 2. The lower probability (P-value
< 0.0001) is an indicator of significant and reliable
model at the 5% confidence level where the lack of
fit (LOF) of model is not significant relative to the
prime error. The coefficients of determination (R?),
the adjusted coefficients of determination (Rzadj)
and the predicted coefficients of determination
(Rzpred) of the model for the response surface
regression have been obtained 0.9998, 0.9976 and
0.9936, respectively that confirms the accuracy
and validity of the quadratic model. The adequate
precision (Adeq Precision=116.116) is the indicator
of signal-to-noise ratio a ratio greater than 4 is
ideal and showing the adequate signal for model
could be utilize negative the design space.

Table 2 also indicates the linear coefficients (A,
B, Cand D), interactive factors coefficient (AB, AD,
BC, and BD) and quadratic term (A?, B, C%, and D?)
significantly improved the efficiency of RB removal
by Ni (Il)- MOF (P < 0.05).

Three-dimensional response surface plot
Three-dimensional response surface, is a
graphical tool for illustration of the interaction
effects, using plotting the response versus
two independent factors (keeping the other
parameters at a fixed level) [2, 3]. The obtained
response surface plots of independent parameters
accounts as a predictor of the removal percentage
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Table 2. Analysis of variance (ANOVA) of the fitted quadratic equations for dyes adsorption for RB (%R) by Ni(ll)- MOF.

Source Ss? Df° MSe F-value p-Value Remark
Model 13122.37 14 937.31 862.95 <0.0001 mostly significant

A 6437.25 1 6437.25 5926.57 <0.0001 mostly significant
B 95.22 1 95.22 87.66 <0.0001 mostly significant
C 115.52 1 115.52 106.36 <0.0001 mostly significant
D 2236.69 1 2236.69 2059.25 <0.0001 mostly significant
AB 6.05 1 6.05 5.57 0.0323
AC 63.21 1 63.21 58.20 <0.0001
AD 408.54 1 408.54 376.13 <0.0001
BC 126.13 1 126.13 116.13 <0.0001
BD 55.62 1 55.62 51.21 <0.0001
CcD 110.87 1 110.87 102.08 <0.0001
A? 3208.28 1 3208.28 2953.76 <0.0001
B2 23.22 1 23.22 21.38 0.0003
c? 55.67 1 55.67 51.25 <0.0001
D? 530.23 1 530.23 488.17 <0.0001

Residual 16.29 13 1.09 2.92

Lack of Fit 13.91 10 1.39 862.95 0.1241 Not significant

Pure Error 2.38 3 0.48

Cor Total 13138.67 29

R2?=0.9988, Adj R?= 0.9976, Pred R?= 0.9936
aSum of square, ®PDegree of freedom, ‘Mean square.

at other conditions. The 3D response surface plots
have been illustrated in Fig. 6a—c.

In Fig. 6a, the influence of adsorbent mass
and pH on removal percentage is illustrated at a
RB concentration of 14.39 mg/L and 37.30 min
of contact time. When adsorbent mass increased
from 0.035 to 0.065 and pH increased from 5.0
to 9.0, the removal percentage is increased. This
is due to increment of the contact surface area
and exchangeable sites. Fig. 6b shows the effect
of pH and initial RB concentration on the removal
percentage.

Finally, It can be found from Fig. 6¢, increasing of
contact time and adsorbent mass affect positively
on the removal percentage, enhancement of the
adsorbent mass led to unsaturated adsorbent
sites to keep the initial RB concentration and pH
at constant level. A maximum removal percentage
of 99.13 was obtained at pH 8.5 and 14.39 mg/L
of RB concentration. Increment of the removal
percentage mostly observed at the pH 8.5 because
of cationic nature of the RB. The excess amount of
H* ions at acidic condition, decrease the amount
of negatively charged adsorbent positions, while
increase the amount of positively charged surface
positions probably is not ideal for the adsorption
of cationic dye [37]. Thus, higher pH and excessive
negative charged surface on the Ni (ll)- MOF
adsorbent, increase the adsorption of cationic RB
ions.

In fact, the maximum removal percentage
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of RB (99.13%) was obtained at these following
conditions: pH of 8.5, an RB concentration of
14.39 mg/L, an adsorbent dosage of 0.057 g and
time of 37.30 min.

Perturbation plot illustrates the positive effect
of factors on the efficiency of the removal. As
observed at perturbation plot presented in Fig.
7, all mentioned factors had a significant effect
on the efficiency of removal. Enhancement of
PH, contact time, and adsorbent dosage, improve
the removal efficiency. However, increment in RB
concentration contributes to decreased it. It can
be concluded that pH and RB concentration had a
main effect on the removal efficiency.

As illustrated in the Box-Cox normality plot
(Fig. 7), the lowest point on the plot that indicates
the lambda’s best value is (1), as a result, the
transformation of the removal percentage
response was unnecessary.

Adsorption isotherm study

Adsorption isotherms study is important for
gattering properties and mechanism of adsorption.
The adsorption isotherms indicate the amount
of adsorbate molecules from the solid sorbent
and the liquid sample solution in the adsorption
process. So, to determine the adsorption isotherm
of the process, the general isotherms like Langmuir
and Freundlich were investigated at different
concentrations in the range of (5-40) mg/L in
optimum conditions. Langmuir isotherm model
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and contact time on removal percentage.
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Box-Cox Plot for Power Transforms
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Fig.7 Box- Cox plot and perturbation plots for RB removal percentage by Ni-MOF.

hyphothesis is based on the fact that the intraction
between molecules is in the form of monolayer
adsorption. According to this, the linearized form
of Langmuir isotherm model is as below [38]:

Ce 1t  Ce
Je KLdm + dm (5)
oo L

LT TF K.G (6)

Where C_ is the equilibrium concentration of
the RB solution (mg/L), q_and q_are adsorption
capacity of dye (mg/g) at time t and the equilibrium
state, respectively and K is the Langmuir constant
of adsorption.

The plot of C/q_versus C, leading to a linear
line for RB. K and q_were got from slope and
the intercept of the plots. R (separation factor) is
indictor of desired RB adsorption onto Ni (I1)- MOF.

TheR is the attainable, (R =1) is linear, (0<R <1)

is ideal, and(R =0} is irreversible kind of adsorption
process [39]. According to the Table 4, the value
of R for RB dye is 0.0923 that showed that the
adsorption of RB by Ni (l1)-MOF adsorbent was
ideal.

The Freundlich isotherm is utilized for many
adsorption processes. In this study, the Freundlich
isotherm was also investigated for the process.
The equation is as following:

1
Ge = K; Cen (7)

The linearized form of the Freundlich isotherm
can be as below:

= 1
lnqe—anF+nlnCe (8)

Where C, K, and 1/n are the equilibrium
concentration of the RB (mg/L), the Freundlich
constant [(mg/g)(L/mg)¥"] and heterogeneity

Table 3. Constants of the Isotherm models calculated for the

adsorption of RB by Ni (I1)- MOF.
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Model Parameters Value
gmax( Mg g7Y) 163.93

. Ke (L mg™) 0.0727
Langmuir R 0.0340
R? 0.9827

1/n 0.5695
Freundlich Ks (mg g1)(L mg1)¥/n 14.0679
R? 0.9760
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Table 4. Constants of the Kinetic models described of RB adsorption on the Ni(ll)-

MOF.
Model Parameters Value
ki(min) 0.0680
Pseudo-first-order ge(calc)( mg g™?) 10.8843
R? 0.9117
ka(g mg™ min-?) 0.0094
Pseudo-second-order ge(calc)( mg g™?) 20.7468
R? 0.9927
ge (exp) (mg g?) 19.6340

factor that shows the adsorption
respectively.

The values of 1/n and K. were achived from
the slope and the intercept of the linear plot of In
versus In.

The value of 1/n in the range of (0-1) indicates
the heterogenity of surface [ 40, 41]. As can be
seen in Table 3, the value of 1/n in this study was
0.5695 that shows an ideal RB dye adsorption on
hetergenous surface.

intensity,

Adsorption kinetics

Pseudo-first-order and pseudo-second-order
models was applied for kinetic adsorption
modeling. The kinetic of RB adsorption on the
Ni(ll)- MOF was investigated in the pseudo-first-
order (Eg. 9) and pseudo-second-order (Eq. 10)
models [42], respectively.

log(qe — q¢) = log(qe) — —=—t (9)

2.303

(t)_ 1 +1t
e K, g2  qe (10)

g, and g, = adsorbed RB at equilibrium time

(mg/g)
K, (1/min) and K, (g/mg min) = the adsorption

rate constant calculated by slopes pf both lines.
while the intercept of lines are utilized to calculate
experimental adsorption capacity [43, 44].

As observed in Table 3, the closeness of
theoretical and experimental adsorption capacity
is obtained in pseudo-second-order kinetic
model. The higher correlation coefficient value of
adsorption step indicates the ideality of this model
for experimental data studying.

Regeneration study

The regeneration of Ni-MOF as a key factor for
the cost-effective removal of RB from aqueous
solutions was checked by adsorption and
desorption of RB onto Ni-MOF. Hence, ethanol,
methanol, and a mixture of ethanol and methanol
(2:1, v/v) solutions were used for desorbing of
RB dye to perform regeneration. The maximum
desorption was obtained in pure methanol.
Successive exploiting of adsorbent (0.057 g)
at optimum conditions and it regenerated at
eight cycles following successive exploiting (Fig.
8). Eight consecutive cycles of absorption and
excretion were performed so that up to the fourth
form of absorption is above 90%. The desorption
of Ni-MOF was also good up to the fourth form
of absorption with more than 90% and further
consumption gradually devaluation to value less
than 50% for RB.

Table 5. Properties of different MOFs for dye removal in term of temperature, contact time, sorption capacity

Adsorbent Temperature (°C) Contact time (min) Sorption capacity (mg g?) Ref.
Fe304/MIL-100(Fe) ambient 90 28.36 [45]
Kaolinite 30 80 46.08 [46]
Sodium montmorillonite 40 1440 42.19 [1]
HKUST-1 MOF ambient 4 38.80 [47]
activated carbon-HKUST-1-MOF ambient 4 65.37 [[47]
CZIF-867 70 300 116.2 [48]
Eichhornia Crassipes powder ambient 30 44.60 [49]

Ni-Mof ambient 39 163.66 3 This work
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Box-Cox Plot for Power Transforms

15.03 —

11.97 —

8.91 —

Ln(ResidualSS)

5.85 —

2.79

Lambda

Removal%

Perturbation

100.00 —

78.50 —

Actual factors

57.00 —
A:pH=6.35

B: Con(ppm)=15.14
C: Mof(g)=0.043

35.50 — D:contact time (min)=26.22

14.00 —|

T
-1.027 -0.405 0.216 0.838 1.459

Deviation from Reference Point (Coded Units)

Fig. 8. Regenerate and exploit of Ni-MOF of RB dye by absolute methanol solvent. mean + SD is applied for each 5 sample.

The maximum monolayer adsorption capacities
(values of q_), contact time and Temperature for
the dye removal different adsorbents are listed in
Table 5. Since the experiments were performed
under different conditions, comparing their results
with each other is not very correct but according
to the obtained results, the performance of Ni-
MOF for RB removal is suitable.

CONCLUSION

The Ni (Il)- MOF, was synthesized and
characterized using FT-IR, FESEM, EDX and XRD
analysis and applied for RB dye removal from
aqueous solutions. The optimum conditions for
obtaining the higher dye removal (99.13%) were
achieved in the following condition: pH of 8.50,
contact time of 37.30 min for initial concentration
of the RB =14.39 ppm and adsorbent mass = 0.057
g. The CCD as a statistical model, was applied for
optimization of variable. The adsorption process
was studied using Pseudo-order and Pseudo-
second-order. Langmuir model was indicator of
RB adsorption onto the adsorbent according to
Pseudo-second-order model.
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