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Abstract
Zeolitic imidazolate framework-8 (ZIF-8) is one type of (MOFs) that has been
synthesized and characterized and detailed analysis of Crystal violet (CV) and Malachite
Green (MG) adsorption behaviour. Impact of different variables on batch method as a
* Corresponding author:  function of solution pH, concentration of CV and MG, dose of ZIF-8, Contact time and
abindary@yahoo.com temperature were analyzed and optimal test conditions were determined. Scanning
Received 03 March 2020, electron microscopy (SEM) was used to measure surface alterations of the ZIF-8. The
Revised 21 May 2020, surface area and volume of the pores were found to be 495.199 m?g* and 0.026 cm®g !,
Accepted 23 June 2020  respectively as determined by the Brunauer-Emmett-Teller (BET) test. ZIF-8 point of
zero charging (pHezc) was calculated and was found 7.9. Adsorption data were modeled

on isotherms for adsorption of Langmuir, Freundlich, Dubinin—Radushkevich and
Temkin. Equilibrium data from the adsorption processes showed that the Langmuir is
fitted with CV and MG adsorption. Pseudo-first order, pseudo-second order, Kinetic
models Weber and Morris and Elovich were used to analyze the kinetic data obtained at
different initial dye concentrations. The kinetics of adsorption showed that the action in
adsorption adopted the processes of pseudo-second - order kinetic model and
chemisorption. The thermodynamic parameter such as AG, AS and AH has been
determined. Study of thermodynamics for adsorption indicated the reaction was
endothermal and spontaneous.
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1. Introduction

Dyes were known to be the key component of sewage being one of the most chemical industries. More than 700,000 tons
of dyes produced by textile factories are among the top three pollutants. Most of the reactive dyes are toxic and threaten
teratogenic and carcinogenic mutations [1]. Compared to other water exchange methods, such as electrolysis, flocculation
and photocatalysis [2]. The benefit of using porous adsorptive materials was high performance, low cost and easy recycling
[3]. Nevertheless, it is theoretically important to track and adjust the sensitivity of the adsorbent surface to adsorb different
types of dye molecules with a wide range of hydrophilicity or polarity. Hydroxyapatite, a typical adsorbent bio-composite
[4]. Or the activated carbon adsorbent [5] has low potential for adsorption, and therefore hard to boost on the surface. While
the emerging metal organic frameworks (MOFs) have superb functional versatility, which is useful for applications of
separation and adsorption [6]. Tuning a MOF surface properties and controlling its development costs can contribute to new
solutions to water pollution problems. The coloring is difficult to degrade and to extract from water. By extremely high
porosity, structural flexibility, shape/size of the compositional and high tunable pores, and surface functionality. Adsorbent
MOFs demonstrate good performance for extracting dye [7]. Metal-organic frameworks (MOFs) are crystalline porous
materials well known for their different uses [8]. MOF materials are of particular interest because their surface area and
pore size are simply tuned. Many MOFs, such as MIL-101, UiO-66 and MIL-53, have been tested as adsorbents to remove
colors from water and have achieved modest adsorption capability [9]. Zeolitic imidazolate frameworks (ZIFs) form were
considered one of the family of MOFs [10]. ZIF-8 is one of the most studied prototypical ZIF compounds, which are porous
crystals constructed from imidazolate-bridged tetrahedral zinc ions, with extended three-dimensional structures. The aim of
this study was to determine the effectiveness of ZIF-8 as an adsorbent to extract dangerous (MG) and (CV) dyes from
aqueous solution. Experimental parameters influencing the adsorption process were evaluated, such as dosing adsorbents,
pH, contact time, and temperature. Due to the well-scattered zinc ions within the pores and the wide surface area (495.199
m2gt) ZIF-8 has highly efficient adsorbents for extracting water from MG and CV dyes. The experimental equilibrium
adsorption effects were evaluated by kinetic and isotherm models.

2. Materials and Methods

2.1. Chemicals

Chemicals were used as received without a further purification process. They include Zinc nitrate hexahydrate (99%, Tianjin
Kemiou Chemical Reagent, China), 2-methylimidazole (Hmim) (Sinopharm chemical reagent Co. Ltd., China), ammonium
hydroxide solution (NHs, 25-28%, Nanjing Chemical Reagent Co. Ltd., China), anhydrous ethanol (99.7%, Sinopharm
chemical reagent Co. Ltd., China) and CV and MG were purchased (Merck KGaA, 64271 Darmstadt, Germany).

2.2. Characterization techniques
FTIR analysis was conducted using a JASCO-FT/IR-4100 spectrometer (Jasco, Easton, MD, USA): the finely grinded
sample of ZIF-8 was included in the KBr discs prior to analysis in the 400-4000 cm™! wavenumber range. A Shimadzu
XRD-6000 diffract meter (Shimadzu Company, Tokyo, Japan) equipped with Cu Ka radiation (A = 1.54 A) was used to
investigate structural deviations of the as-prepared ZIF-8 sample. The 20 range was varied between 5-80° at a scanning rate
of 0.02°. The values of the crystal structure, space group and lattice parameters were calculated and optimized using the
computer databases CRYSFIRE and CHEKCELL. UV-visible spectrophotometer (HACH LANGE DR5000) used 1.0 cm
quartz cell for sample absorbance measurement. N, adsorption-desorption isotherms were recorded at the bath temperature
(77 K) on Quanta chrome Touch Win v1.2. Using the Brunauer-Emmett-Teller (BET) process, from which the pore volume
of the BET surface and the Barrett-Joyner-Halenda (BJH) was measured. The surface morphology of MINs was analyzed
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using scanning electron microscope (SEM) analysis using gold coating inspection to accelerate voltages of 20 kV (JEOL-
JSM-6510 LV). The elemental distribution of MINs was studied using the energy-dispersive X-ray spectroscopy (EDX)
and was taken on a 5 kV operating voltage Leo1430VP microscope. For pH adjustment HANNA instrument pH meter
(model 211) was used. The instrument Maxturdy 30 (Wisd) was used for shaking at temperature level.

2.3. Preparation of the Adsorbent

According to previously published research, ZIF-8 was synthesized [11]. In a standard synthesis, 2.97 g of zinc nitrate
hexahydrate (Zn(NO3)..6H,0) was dissolved in 3g of deionized water; 1.64 g of Hmim was added in 20.75 mL ammonium
hydroxide solution; afterwards, Zinc nitrate and Hmim solutions were mixed together. The solution immediately became
milk-like suspension, and stirred at room temperature for 10 min to complete the crystallization (Fig.1). The sample was
collected through centrifugation and washed three times with deionized water until the final product had pH value about 7,

then dried overnight at 60 °C.
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Fig.1 Synthesis of ZIF-8.

2.4. Experimental design for batch adsorption studies

A stock solution (1x10~2 molL ) of Crystal violet (CV) and Malachite green (MG) dye was prepared by dissolving an
appropriate quantity of the powder in distilled water. The other solutions were obtained just before the experiments by
diluting stock solution with distilled water [12]. For the study of the effect of pH, 25 mL of 1.9x107* and 2.5x10* molL™*
CV and MG solution, respectively, at different pH values (in the range of 2 to 10) were mixed with 20 mg of sorbent (ZIF-
8) for 90 min, and the stirring speed was held at 200 rpm using a water bath for the shakers. The pH values were adjusted
by addition of 0.1 or 0.01 molL* HCI, and 0.1 or 0.01 molL* NaOH solutions and measured by using a pH meter [13,14].
Samples were collected and filtered at 3000 rpm for 5 min by centrifuge separation and the filtrate was analyzed for residual
dye concentration using 590 and 625 nm wavelength spectrophotometer for CV and MG, respectively. During sorption the
pH was not regulated but the final pH was systematically reported. Percentage of dye removal (R) was calculated using (Eqg.
(2):

%R = =1 y 100 1)

0
where Co (mmolg™) and C; (mmolg?) are dye concentration initially and at time t, respectively.
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For sorption isotherms, 20 mg of sorbent (ZIF-8) were mixed with 25 mL of dye solutions at different initial concentrations
(Co, ranging between 2.7x10°and 2.2x10* molL?, pH 9 for CV; and between 2.5x10-° and 4.8x10~* molL?, pH 8 for MG)
for 90 min. After solid-liquid separation, the residual concentration (C., mmolL™) was determined by a UV-vis
spectrophotometer and the sorption capacity (e, mmolg™?) was determined by the mass balance equation (Eg. 2):
qo = Lot )
where Co and C. are the initial and equilibrium concentrations of dye in solution (mol L), respectively, V is the volume of
solution (L), and M is the mass of sorbent (g). For uptake kinetics, 120 mg of sorbent were mixed with 150 mL of dye
solutions (Co, 1.9x10~* molL, pH 9 for CV; and 2.5x10* molL™, pH 8 for MG). Samples (1 mL) were collected at fixed
times (the sorbent being centrifuged separated) and the residual concentration was measured by a UV vis-
spectrophotometer. The agitation speed was set at 200 rpm, and the temperature was maintained at 298 K. The sorbet amount
of dye per unit weight of the sorbent at time t (g, mmolg™) was calculated from the mass balance equation (taking into
account the decrement in the volume of the solution) as follows (Eg. 3):

— wvn L[C®WG-1n-COHV®;-1)]
do = Xi=1 m ©)
where C(t)@ (molL™) is the dye concentration of the withdrawn sample number i at time t, C(t)) = Co, V()¢ (mL) is the
volume of the solution in the flask at sample number i and time t, and M is the mass of the sorbent in the flask. Here, V(t)
—V(t)¢-1) = 1 mL (the sample volume).
The effect of temperature on the adsorption of dye was carried out in the 25 mL of dye solutions (1.9x10~* molL, pH 9 for
CV; and 2.5x10~* molL?, pH 8 for MG) with 20 mg of adsorbent for 30 min at various temperatures (293, 298, 303, 308,
313, and 318 K).
The effect of sorbent dose on AR57 and RR dye removal was carried out in the 25 mL of dye solutions (1.9x10™* molL™,
pH 9 for CV; and 2.5x107* molL?, pH 8 for MG). with adsorbent varying from 10 to 100 mg at 298 K for 90 min [15].
The zero charge point (pHpzc) was calculated by means of a solid addition process. A series of 0.1 M KNO3 solutions (50
ML each) were prepared and their pH values were adjusted in the range of 1.0 to 12.0 by addition of 0.1 or 0.01 molL*
HCI, and 0.1 or 0.01 molL-* NaOH. 0.1 g of MINs was applied to each solution and the suspensions were shackled manually,
and the solution was held at 293 K for duration of 48 h with occasional manual shaking. The final pH of the solution was

reported and the difference was plotted against the initial pH (X-axis) between the initial and final pH (ApH) (Y -axis) [15].

3. Result and discussion
3.1. Characterization of ZIF-8
3.1.1 X-ray diffraction (XRD) patterns
The as-synthesized ZIF-8 pattern XRD is shown in Fig. 2. The sample may be assigned to ZIF-8, and no other phase was
detected in these samples [13]. According to the XRD study in The presence of strong peaks at 260 = 9.94, 12.29, 14.28,
15.91, 17.35 and 18.98° correspond to planes (011), (002), (112), (022), (013), and (222), respectively, which indicates high
crystallinity of the prepared ZIF-8 (JCPDS 00-062-1030). The crystallite size (D, A) of the ZIF-8 nanoparticles was
calculated by using the Scherrer formula Eqg. (4):

D =K\ BCos6B 4)
where A is the X-ray wavelength (1.54 A), B is the angular width of the peak at half its maximum intensity (full width at
half-maximum) correctes for instrumental broadening, B is the maximum of the Bragg diffraction peak, and K is the Scherrer
constant (0.9 A). The crystallite size of ZIF-8 calculated from the high-intensity (002) peak was 355 nm [16].
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Fig. 2. XRD patterns of the as-synthesized ZIF-8 (JCPDS 00-062-1030).

3.1.2. Fourier transforms infrared (FTIR) analysis

The functional groups present in the ZIF-8 material were analyzed from the FT-IR within 4000-400 cm™* range. The ZIF-8
FT-IR spectrum is given in Fig. 3. The absorption bands obtained at 2930 and 3134 cm™ correspond to the imidazole
stretching of the aromatic and aliphatic C—H, respectively. The deep bands at 1380-1583 cm™ are consistent with the entire
ring stretching. The 2-methyl imidazole absorption band at 1583 cm™ can be classified as C=N stretching mode. The bands
in the 9521380 cm™* spectral region is for the bending of the ring in plane. The C-N stretch has been measured in the range
of 1460-1143 cm™* and the 420 cm™ band is assigned to the Zn—N stretch [17].

% Transmittance

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm")

Fig. 3. FTIR spectrum of as-synthesized ZIF-8.

3.1.3. Brunauer-Emmett-Teller (BET) surface area.

The pores surface area and volume are also very important parameters to describe in a porous material as the size and
volume of the pores can greatly affect the properties of the materials and the processability of the applications. It is normally
done by the measurement of the substance's surface area on the Brunauer-Emmett-Teller (BET). BET measurements use an
adsorption isotherm based on physisorption and a gas's propensity to become weakly bound to an external surface of
materials when it comes into contact. Physisorption is a reversible process and therefore a gas can adsorb and desorb to the
material surface easily. The volume of gas which is adsorbed at a set of different pressures, at constant temperature, is
calculated to give the adsorption isotherm. The temperature is normally kept stable using liquid nitrogen, hence the
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temperature is ~77 K. The sum of gas adsorbed by a set of different pressures that gives the graph called an adsorption
isotherm. The curve form on the graph provides insight into the sort of pores that the material has Fig.4. The isothermic
adsorption is graded as type | of ZIF-8. A hysteresis loop is observed at higher relative pressure (P/P° > 0.9) due to the
presence of pores which are usually microporous with the exposed surface remaining almost entirely within the microspores,
which once filled with adsorbents; leave little to no external surface for further adsorption. BET surface area was 495,199
m?/g, adopting a value of 16.2 A for the N, molecule's cross-sectional area. Nevertheless, the total volume of pore taken at
a saturation pressure is 0.2756 cm?®/g and the average pore diameter is 2.23 nm. The surface area of BJH was 21,824 m?/g,
pore volume 0,026 cm®/g, and pore diameter Dv(d) 3,986 nm, respectively. The volume of a micropore was 0.241 cm®/g.
The micropore area of 470.404 m?/g and the external area of 27.795 m?/g (calculated using t-plot method) were beneficial
for the application of adsorption[18].

<
1704 Mggjjii’“

C T
XA A

Adsorption volume (cm®/g)

T T T T T
0.0 0.2 04 06 08 10
Relative pressure, (p/p,)

Fig. 4. N2 adsorption/desorption isotherm of ZIF-8.

3.1.4. SEM analysis

Scanning electron microscopy (SEM) has been considered a primary method of characterizing the adsorbent structure, basic
physical properties and morphology. This is useful for determining the porosity of adsorbents, the shape of particles and the
appropriate size distribution. ZIF-8 SEM analysis (Fig. 5) approved ZIF-8 to be nano particles, as its average diameter
ranged from 165 to 348 nm. ZIF-8 has a large number of pores in which colors can be adsorbed and trapped in these pores

[19].

SEI 30kV  WOSmm 8827 x30,000 L0Bum

11'May 2019

Fig.5. SEM image of ZIF-8.

3.1.5. Energy-dispersive X-ray spectroscopy (EDX)

The energy-dispersive X-ray spectroscopy (EDX) is an analytical method used mainly to demonstrate the elemental analysis
or chemical composition of the sample. It is the basic idea that each element has a specific atomic structure allowing for a
unique set of peaks on the EDX spectrum indicates the existence of ZIF-8.as the presence of C , N, and Zn. In closing, The
EDX analysis confirms the formation of ZIF-8 and also shows that its synthesis technique is useful, since no element loss
was observed during the process. [20].
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Spectrum 6

Fig.6. EDX spectrum of ZIF-8.

3.1.6. Molecular Structure

The molecular structure of the ZIF-8 was optimized by HF method with a 3-21 G basis package. Built using Perkin Elmer
Chem. Carbon. Draw., Use of Perkin EImer ChemBio3D software to optimize the molecule. The geometric parameters,
bond lengths and bond angles (Table 1,2) and the molecular structure of the ZIF-8 are determined are pressented in Fig.7.

Fig.7 The calculated molecular structure of ZIF-8.

The ZIF-8 molecular structures (HOMO & LUMO) are described in Fig. 8. The HOMO — LUMO energy gap, which is an
important index of stability, is used in many molecular systems to develop theoretical models to explain the barriers of
structure and conformation. The lower the volume of PE, the greater the reactivity of the compound [21].

Table 3 measured quantum chemical parameters. Additional parameters such as separation energies, x, chemical potentials,
AE, absolute electronegativity, m, absolute softness, o, global electrophilicity, Pi, absolute hardness, S, and additional

electronic charge, m, global softness, ANmax, Were determined according to calculated according to Egs. (5-12):
AE = E ymo — Eromo

(5)
;( — - (EHOMO + ELUMO)
2 6)
E -E
77 — LUMO HOMO
2 @)
o= 1/7] (8)
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Table 1. The bond lengths of ZIF-8.

Bond lengths (A)

Bond lengths (A)

Bond lengths (A)

C(42)-H(78)
C(42)-H(77)
C(42)-H(76)
C(39)-H(75)
C(37)-H(74)
C(36)-H(73)
C(34)-H(72)
C(34)-H(71)
C(34)-H(70)
C(33)-H(69)
C(31)-H(68)
C(30)-H(67)
C(28)-H(66)
C(28)-H(65)
C(28)-H(64)
C(25)-H(63)
C(23)-H(62)
C(22)-H(61)
C(20)-H(60)
C(20)-H(59)

1.114
1.114
1.114
1.116
1.097
1.097
1.114
1.113
1.113
1.116
1.097
1.097
1.113
1.113
1.114
1.116
1.097
1.097
1.114
1.113

C(2)-H(43)
Zn(26)-N(24)
Zn(26)-N(14)
Zn(27)-N(32)
Zn(27)-N(21)
Zn(40)-N(29)
Zn(40)-N(38)
Zn(41)-N(35)
Zn(41)-N(4)
Zn(12)-N(1)
Zn(12)-N(10)
Zn(19)-N(7)
Zn(19)-N(17)
C(39)-C(42)
C(39)-N(35)
N(38)-C(39)
C(37)-N(38)
C(36)-C(37)
N(35)-C(36)
C(33)-C(34)

1.097
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.926
1.532
1.476
1.476
1.266
1.336
1.266
1.532

N(14)-C(15) 1.266
C(11)-C(13) 1531
C(11)-N(7) 1.476
N(10)-C(11) 1.477
C(9)-N(10) 1.266
C(8)-C(9) 1.337
N(7)-C(8) 1.266
C(5)-C(6) 1532
C(5)-N(1) 1.477
N(4)-C(5) 1.478
C(3)-N(4) 1.266
C(2)-C(3) 1.336
N(1)-C(2) 1.266
C(15)-C(16) 1.337
N(32)-C(33) 1.477
C(31)-N(32) 1.266
C(30)-C(31) 1.336
N(29)-C(30) 1.267
C(25)-C(28) 1531
C(15)-H(55) 1.097

Table 2. The bond angles of Zif-8.

Bond angles (°)

Bond angles (°)

Bond angles (°)

H(78)-C(42)-H(77) 107.913  H(78)-C(42)-H(77) 107.913  N(32)-C(33)-N(29) 102.665
H(78)-C(42)-H(76) 107.918  H(78)-C(42)-H(76) 107.918  C(33)-N(32)-C(31) 106.2
H(78)-C(42)-C(39) 110.997  H(78)-C(42)-C(39) 110.997  C(33)-N(32)-Zn(27) 126.277
H(77)-C(42)-H(76) 107.484  H(77)-C(42)-H(76) 107.484  C(31)-N(32)-Zn(27) 126.776
H(77)-C(42)-C(39) 111.178  H(77)-C(42)-C(39) 111.178  H(68)-C(31)-N(32) 121.008
H(76)-C(42)-C(39) 111.189  H(76)-C(42)-C(39) 111.189  H(68)-C(31)-C(30) 126.546
N(35)-Zn(41)-N(4) 117.893  N(35)-Zn(41)-N(4) 117.893  N(32)-C(31)-C(30) 112.445
N(38)-Zn(40)-N(29) 117.877  N(38)-Zn(40)-N(29) 117.877  H(67)-C(30)-C(31) 126.394
H(75)-C(39)-C(42) 111.664  H(75)-C(39)-C(42) 111.664  H(67)-C(30)-N(29) 120.984
H(75)-C(39)-N(38) 108.758  H(75)-C(39)-N(38) 108.758  C(31)-C(30)-N(29) 112.621
H(75)-C(39)-N(35) 108.756  H(75)-C(39)-N(35) 108.756  Zn(40)-N(29)-C(33) 126.452
C(42)-C(39)-N(38) 112.335  C(42)-C(39)-N(38) 112.335  Zn(40)-N(29)-C(30) 126.264
C(42)-C(39)-N(35) 112.329  C(42)-C(39)-N(35) 112.329  C(33)-N(29)-C(30) 106.057
N(38)-C(39)-N(35) 102,554  N(38)-C(39)-N(35) 102,554  H(66)-C(28)-H(65) 107.882
Zn(40)-N(38)-C(39) 127.031  Zn(40)-N(38)-C(39) 127.031  H(66)-C(28)-H(64) 107.978
Zn(40)-N(38)-C(37) 126.473  Zn(40)-N(38)-C(37) 126.473  H(66)-C(28)-C(25) 110.977
H(78)-C(42)-H(77) 106.264  C(39)-N(38)-C(37) 106.264  H(65)-C(28)-H(64) 107.425
H(78)-C(42)-H(76) 121.009  H(74)-C(37)-N(38) 121.009  H(65)-C(28)-C(25) 111.303
H(78)-C(42)-C(39) 126.546  H(74)-C(37)-C(36) 126.546  H(64)-C(28)-C(25) 111.114
H(77)-C(42)-H(76) 107.913  N(38)-C(37)-C(36) 112.444  N(32)-Zn(27)-N(21) 118.756

Pi=—7 ©)

s L

2n (10)
w="Pi’I2n (11)
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The value of AE for was found 0.817 eV.

HOMO

Fig. 8. The (HOMO) and the (LUMO) of ZIF-8.

Table 3. The calculated quantum chemical parameters for the investigated ZIF-8.
Compound Enumo Ewumo AE X n Pi c S Q ANmax
eV eV eV Ev eV eV eVl eVl eV
ZIF-8 -3.585 -2.768 0.817 3.177 0.408 -3.18 245 122 5.05 7.78

3.2. Batch Experiments

3.2.1. Determination of point of zero charge (pHpzc)

PH was one of the most important parameters for sorption (CV) and (MG) as it calculated which ionic species were present
in the adsorbent solution and the sorbent surface load. The PZC has determined the surface charge of the ZIF-8, which is
defined as the pH (pHezc) at which the positive charges on the surface are equal to the negative charges [22]. ZIF-8 pHpzc
was found as 7.9 (Fig. 9). This shows that below this pH, due to protonation of functional groups, the ZIF-8 acquires a
positive charge and above this pH there is negative charge on the ZIF-8 surface. cationic dyes are favored to adsorb at pH >
pHerzc Where the surface becomes negatively charged.

5 [ ]
N, l
4 - \.
2 N .
S 2+ \
< - _
] N
o] N ]
L \-7-/-7-
2 4 6 8 10 12
pH

Fig. 9. Relation between initial pH and ApH of ZIF-8.
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3.2.2. Effect of pH

Due to its effect on both the ionization of dye molecules and surface binding sites, the pH value of agueous solution is an
important parameter in the adsorption analysis of cationic colours. Deletion of the tested dyes (CV) and (MG) by ZIF-8 at
different pH values (3-12) was studied at initial concentrations of 1.9x10*molL™ of the CV, 25 °C and 0.02 g adsorbent
dosage while 2.5x10*molL* was initial concentration of MG, 25 °C and 0.05 g adsorbent dosage. ZIF-8 It has been shown
to be an effective adsorbent for removing these colors and the most effective pH was 9 for crystal violet while pH 8 for
malachite green was used in further studies (Fig. 10). 10. The investigated dye was cationic in nature so on dissolution, they
release colored dye cation. As the pH decreased from 8 to 2 the level of color removal decreased. For two possible adsorption
mechanisms of dye on the adsorbent it may be considered: (i) electrostatic interaction between the adsorbent and the dye
molecule, (ii) a chemical reaction between the dye and the adsorbent. The OH~ ion concentration increased at pH 8 and the
adsorbent surface acquires negative charge by absorbing OH~ions. Since the adsorbent surface is charged negatively at high
pH, there may be a high electrostatic attraction between the adsorbent's negatively charged surface and the cationic dye
molecule, maximum adsorption of the dye occurs [23].ZIF-8's experimental pHpzc determination showed this composite
had pHzec 7.9. As the system's pH increases, the number of negatively charged sites is increasing, and the number of
positively charged sites is falling. Thanks to the electrostatic attraction, negative charged surface sites on the adsorbent
surface favored adsorption.
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Fig. 10. (a) pH effect on CV adsorption using the adsorbent (ZIF-8): (T: 25 °C; Co: 1.9x10“#molL™); (b) pH effect on MG
adsorption using the adsorbent (ZIF-8):(T: 25 °C; 2.5x10~* molL™).

3.2.3. Effect of adsorbent dosage

The effect of dye removal with ZIF-8 dosage is shown in Fig. 11, Twelve. Due to the increase of adsorbent surface area and
the availability of more adsorption sites against a constant amount of dye molecule it was clear that dye adsorption increased
with adsorbent dosing. However, increasing the number of adsorbents causes adsorption sites to overlap or aggregate and
therefore decrease in adsorption capacity takes place. The adsorption of CV and MG on the ZIF-8 sorbent was studied by
changing the quantity of adsorbent range of (0.01 to 0.25) g 25 mL™!, at adsorbate concentration 1.9x10~*molL™* at 25 °C
and pH 9 for CV while for MG concentration 2.5x10* molL* at 25 °C and pH 8 was tested. The results in Fig.11a, 12a
show the CV and MG adsorption capacity as a function of adsorbent amount. It has been found that the adsorption capacity

decreases from 1.499 to 0.1356mmol/g mmol/g and 0.138 to 0.0596 mmol/g for CV and MG respectively. The dose of ZIF-
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8 increases from 0.01 to 0.25 g 25 mL™". Fig. 11b, 12b shows the effect of dose on the equilibrium concentration (C/Co) of
CV and MG, respectively, by the ZIF-8 sorbent. As the dosage increases, the CV and MG equilibrium concentration
decreases, which is due to the rise in the adsorbent surface region. The adsorbent surface is composed of active sites with a
binding energy range. The ZIF-8 sorbent reveals the dose effect on the equilibrium concentration (C/Co) of CV and MG. As
the dosage increases, the CV and MG equilibrium concentration decreases, which is due to the rise in the adsorbent surface
region. The adsorbent surface is composed of active sites with a binding energy spectrum. At small adsorbent dosage, all
sites are fully exposed and the surface adsorption is saturated faster, with a higher adsorption efficiency. A rise in adsorbent
mass contributes to a decrease in adsorption efficiency of the equilibrium per unit weight of the adsorbent (ge) since the
solution produces excess adsorbent for the small number of ZIF-8 ions. According to the result, the dose of 0.02g 25 mL™!
will achieve the optimum loading capacity for the sorbent, and the dose of 0.25 g 25 mL ! will achieve the optimum removal
efficiency. The determination of the appropriate adsorption dose therefore depends on the nature and intent of the treatment
process. Therefore, if the target is the water quality norm set by WHO, a greater amount of adsorbent is better (0.25 g 25
mL™1), and if the optimum loading of the sorbent per unit mass is the target, the dose of 0.02 g 25 mL ™! is more suitable
[24].
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Fig. 11. Effect of ZIF-8 dosage on CV adsorption (a) Sorption capacity vs. SD, (b) Relative residual concentration (C/Co)
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3.2.4. Effect of contact time

With time, the removal of CV and MG increases and saturation reaches in around 5-100 min. The removal of adsorbate is,
basically, rapid, but it decreases gradually with time until it reaches balance. During the first 60 min of adsorbent / adsorbent
interaction, the dyes displayed a quick sorption rate and the rate of quantity removal becomes almost negligible due to the
rapid exhaustion of the adsorption sites. The rate of removal of the volume of dye is higher in the beginning as there is a
greater surface area of the adsorbent available for adsorption of the dye [25].

3.2.5. Effect initial concentration (Co)

It was shown that the removal of CV and MG by adsorption on the adsorbent (ZIF-8) increased over time and reached a
maximum value of 90 min, and then remained nearly constant. Regarding increasing the initial CV solution concentration
from 2.7x10°to 2.2x10“*molL* at 25 °C, pH 9 and 0.02 g adsorbent dosage while 2.5x10° to 4.8x10* molL™ at 25 °C,
pH 8 and 0.02 g adsorbent dosage for MG the amount of removed dyes was reduced. It was obvious that the removal of the
color depended on the initial dye concentration, as the decrease in the initial dye concentration increased the amount of
adsorbed dye [26]. This is very simple since, for a fixed adsorbent dose, the amount of active adsorption sites to
accommodate adsorbent ions remains unchanged, however the adsorbent concentration rises, the adsorbent ions to be
accommodated and thus the percentage of adsorption decreases. Higher removal percentage was observed at higher
concentrations because of the saturation of the adsorption sites.

3.2.6. Effect of temperature

Many thermodynamic parameters are related to temperature dependence of the adsorption process. The plot of adsorbent
guantity per adsorbent quantity as a function of temperature shows a slight upward trend with temperature rise from 20 to
around 45 °C. The temperature of the adsorbent for a particular adsorbent will change the equilibrium capacity. In our study
the experimental data obtained at pH 9 for CV solution from 1.9x10* molL* and 0.02 g adsorbent dosage while 2.5x10*
molL?, pH 8 and 0.02 g adsorbent dosage for MG show that rise in the adsorption capacity at temperature from 20 to 50 °C
[27].

3.3. Adsorption isotherms

Isothermic studies provide important visions by clarifying the distribution of adsorbents between the solid and solution
phases during the adsorption equilibrium, and adsorption isotherms reveal the behavior of adsorbents and how they interact
with adsorbents. Equilibrium revisions which give the capacity of the adsorbent and adsorbent are described by isotherms
of adsorption, which is usually the ratio between the quantity adsorbed and which remained in solution at fixed temperature
at equilibrium. Numerous isothermic models were used to consider balancing adsorption of compounds from solutions such
as Langmuir [28, 29] Freundlich [30], Dubinin—Radushkevich [31] and Temkin [32]. The isothermic Langmuir model
embraces the uniform adsorption energies onto the adsorbent surface. It is based on the statement that monolayer adsorption
is present on a completely homogeneous surface with a fixed number of identical sites and negligible interaction between
adsorbed molecules [29]. The Freundlich model is an empirical equation based on the adsorption of varied affinities
supporting sites of heterogeneous surface or surface. It is presumed that the stronger binding sites are first occupied, and
that the binding strength decreases with the increasing occupancy of the site. [25].
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Table 4. I1sotherms and their linear forms for the adsorption of CV onto ZIF-8.

Isotherm Equation Value of parameters
The constants gm and K; are Qmexp (MMolg™?) 1.5779
_ Ce 1 Ce calculated by the plot of Ce/gevs.  gm (Mmolg?) 1.5814
Langmuir — = K +— ) )
de dmBL dm C.with slope 1/gm and intercept K. (Lmmol?) 72186.073
1/(qmKL) R? 0.9999
n 4.48732
_ Inge Ke and n can be calculated from  Ke (mmoLg
Freundlich 1 ) 1.244
= InKg + - InC.  alinear plot of In ge vs. In Ce B(Lmmol1)¥n
R? 0.713
Qor 1.17199
The slope of the plot of In ge vs. L919E
1 2 gives Kpr (Mol?/kJ?) and the Kpr(J?mol2 I )
Dubinin-Radushkevich n?eQ Kpre? igntirce t DiRelfjs the aZIsor tion " ) 09
— PR T BDRE _tp é mmolla) PHOM . Eakamol ) 16.14
capacity, mmo
pactly, Jor J R? 0.8738
The parameters B and K are the  br(Lmol™) 11605.096
. de Temkin constants that can be Ar(kimol?) 14.96
Temkin = BrInKg .
determined by the plot of ge vs.
+ BrInC, R? 0.92487
In Ce
Table 5. Isotherms and their linear forms for the adsorption of MG onto ZIF-8.
Isotherm Equation Value of parameters
The constants gm and K; are  Omexp (MMolg™) 0.16517
Lanamuir Ce_ 1 Ce  calculated by the plot of Ce/ge  gm (Mmolg™?) 0.166
g de  9ImKpL dm vs. C. with slope 1/gm and K. (Lmmol™) 10737.5
intercept 1/(qmKL) R? 0.99952
n 9.6219
In Kr and n can be calculated )
. Qe . Kr (mmoLg
Freundlich 1 froma linear plot of In ge vs. In 0.296
=InKg+ - InC, c 1)(Lmmol-%)tn
) R?2 0.77376
The slope of the plot of In ge  Qor -1.04456
vs. 2 gives Kpr (mol?/kJ?) and -
- . Inqe gives Kor (molkFyand =\ semol?)
Dubinin—Radushkevich InQ K the intercept yields the 1.277E09
= - €
feR PR adsorption  capacity, Qor Ea(kJmol?) 19.79
(mmol/g) R? 0.8747
The parameters B and Kt are  br(Lmol™?) 172532.9
_ e the Temkin constants that can At (kJmol ) 17.0717
Temkin = BrInKrg .
be determined by the plot of ge
+ BrInCe R? 0.8537

vs. In Ce
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Dubinin — Radushkevich isotherm is an empirical model initially for the adsorption of subcritical vapors following a pore-
filling process on microporic solids. It is used to differentiate between physical and chemical adsorption to detach a molecule
from its position in the sorption space to the infinity [31]. The Temkin isotherm assumes that the adsorption heat of all
molecules in the process decreases linearly when the substrate is covered and that the adsorption has a maximum uniform
bond energy distribution [32]. It was found that the Langmuir isotherm model is the most appropriate model to characterize
the isotherm for adsorption of both CV and MG dyes into the ZIF-8 sorbent Fig. 13 & 14. From the isothermic fitting
however, the experimental data points deviated from the Freundlich lines. The isothermic fitting was plotted using the model
constant parameters obtained from the linear equation plot analysis, based on the nonlinear equations. The Langmuir model
introduced the strong coefficient of correlation R? = 0.9999 for CV and MG was 0.99952. Additionally, the qm calculated
from the isotherm Langmuir was close to the gmax experiment. Examination of the isotherm parameters suggested by
Dubinin-Radushkevich for both CV and MG is determined (Table 8,9). This isotherm was developed in light of the effect
of the sorbent's porous structure and the energy involved in the sorption process. The findings of the isotherm Dubinin-
Radushkevich are shown in Table 6 and Fig. 16. For CV, for Table 7 and for Fig. 17 for MG. The mean energy value of
sorption is 16.14 kJ.mol™, for CV and MG 19.79 kJ.mol, respectively: this is dependable with the proposed mechanism
of chemisorption. It is postulated that the vlaue 8 kJ.mol is generally admitted to be the limit energy for distinguishing,
physical (below 8 ki.mol™) and chemical sorption (up 8 kJ.mol™). A comparison of the correlation coefficient values
obtained from the isothermal models Langmuir, Freundlich, Dubinin-Radushkevich and Temkin (Tables 6,7) shows that
the correlation coefficients for Langmuir isotherm are higher than those for the isothermal models Freundlich, Dubinin-
Radushkevich and Temkin. This result suggests that the binding of dye ions on the surface of the sorbent may occur as a
monolayer and that the absorption occurs by monolayer sorption on a homogenous surface. That should be tested for
validation by experimental observation. The presence of the same type of functional groups is consoling the homogeneous
surface hypothesis (or homogeneous sorption energies). The arrangement of the models according to its R? as follow:
Langmuir> Temkin > Dubinin-Radushkevich > Freundlich for CV while for MG: Langmuir > Dubinin-Radushkevich >
Temkin > Freundlich.
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3.4. Adsorption kinetics and mechanism studies

The adsorption Kinetics study describes the rate of solute uptake and this rate evidently controls the residence time of
adsorbate uptake at the interface of the solid solution. The rate of removal of tested dye by adsorption was initially rapid,
and then gradually slowed down until it reached an equilibrium beyond which the rate of removal was significantly
increased. The highest possible adsorption was observed at 140 min. And thus the equilibrium time is set. According to the
kinetic model equations below, the pseudo-first - order and pseudo-second-order kinetic models were used to determine the
adsorption kinetics of tested dyes onto ZIF-8 to match the experimental results.

The pseudo-first-order Lagergren expression [33] is given as Eq. (13):

log (Ge—r) = l0g Qe — kat (13)
The pseudo-second-order kinetic model [34] is expressed as Eq. (14)::
t/qe = 1/koq2% + 12t (14)

Where q is an adsorbent dye (mg.g ) at various times t, ge is the maximum adsorption capacity (mg.g?) for pseudo-first -
order adsorption, ki is the pseudo-first - order adsorption constant (min—1), gz is the maximum adsorption capacity (mg.g™)
for pseudo-second - order adsorption, The k: is the pseudo-second - order adsorption rate constant (gmg*min?). For the
pseudo-first - order reaction, the straight-line log plots (ge — q:) vs. t and the pseudo-second - order reaction t/qe vs. t
Fig. 16,17. The rate parameters were also measured for the adsorption of measured dyes onto (ZIF-8). The ki, k2, ge, 02, and
correlation coefficients, Ri2and R,? for the dye were determined from these plots and are given in Table 6,7.
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Table 6. Kinetic parameters and their correlation coefficients for the adsorption of CV onto ZIF-8.

Value of parameters

Model Equation
Pseudo-First- log(qe — q¢) = log qu

. . 1
order Kinetic (2.303>t
Pseudo-second- t _ 1 t
order Kinetic q: K;q2  qe

Intraparticle 1
. . q: = Ki t/724+X
diffusion

1 1
q: = =In(af) + = Int

Elovich B B

Experimental
data

The plot of In (ge - qr) against t gives
a straight line with the slope -Ki
and intercept In ge

Values of K; and ge for different
initial concentrations of dye were
calculated from the slope and
intercept of the linear plot of t/qg; vs.
t

The parameters Kgr and C were
determined from the linear plot of
Qe vs. tY2

The constants o and [ were
obtained from the slope and
intercept of a line plot of g: vs. In't

Ki (mint)

Qe (Mmolg™)

RZ

K2 (g mg ™t min?)
ge (mmolg™?)

RZ

Ki (mggtmint?)
X (mgg™)

RZ

B (g/mg)

o (mggt.min?)
RZ

ge (exp) (mmolg~
)

-0.0144
0.12885
0.88588
0.477799
1.5747

0.99975

0.00517
0.06414
0.92685
-168.067
1.0507
0.25347

1.5779

Table 7. Kinetic parameters and their correlation coefficients for the adsorption of MG onto ZIF-8.

Value of parameters

Model Equation
Pseudo-First- log(qe — q¢) = logq,

= ()
order Kinetic 303
Pseudo-second- t 1 t

= +
order Kinetic . Kyqz  qe

Intraparticle R
diffusion e = M
1

1
Qt:B Py

B

Elovich In(aB) + = Int
Experimental

data

The plot of In (e - qr) against t gives
a straight line with the slope -Ki
and intercept In ge

Values of K, and g for different
initial concentrations of dye were
calculated from the slope and
intercept of the linear plot of t/qg: vs.
t

The parameters Kgr and C were
determined from the linear plot of
Qe vs. tH2

The constants o and [ were
the slope and
intercept of a line plot of g: vs. In't

obtained from

Ki (min™)

Qe (mmolg™)

RZ

K2 (g mgt min?)
Qe (Mmolg™)

R2

Ki (mgg'min'?)
X (mgg™)

RZ

B (g/mg)

a (mggt.min™)
RZ

ge (exp) (mmolg-
D)

-0.01708
0.033889
0.88684
0.995798
0.173

0.99812

-0.00595
0.04943
0.25347
-48.19
1.08949
0.41888

0.16517
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Since the diffusion mechanism cannot be described by either the pseudo-first-order or the pseudo-second - order model,
the kinetic results were further analyzed for diffusion mechanism by using the intra-particle diffusion model. The effect
on adsorption of the constant intraparticle diffusion (internal surface and pore diffusion) can be calculated by the
following Eq. (15).

Ot = Kigt2 + | (15)

Where | am the interceptor and the Kiq is the intraparticle diffusion rate constant (mg g~' min*?) which is measureed
from the linear plot of g vs. t*2 (Figs. 18,19), and it is commonly used to compare rates of mass transfer. According to
this model, the plot of uptake, g, vs. the square root of time, t*2 should be linear if intra-particle diffusion is involved in
the process of adsorption and if those lines move through the origin, then intra-particle diffusion is the step of power.
The constant and intercept values of the intraparticle diffusion rate are shown in (Tables 8,9). The Elovich equation is
used for general chemical adsorption applications [35]. The equation was successfully applied to several chemical
adsorption processes and was found to cover a wide variety of sluggish adsorption levels [36]. The same equation is
also valid and formulated for systems where the adsorbent surface is heterogeneous as Eq. (16):

Ge=(1/B) In (ap) + (1/B) In t (16)
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Where a is the chemical adsorption rate (mg / mg min) and f is a coefficient of chemical adsorption (g/mg) in relation
to the extension of covered surface and the activation energy. The gt vs. In t plot gave a linear relation to the slope of
(1/B) and the intercept of (1/B) In (af). The 1/p value represents the number of adsorption sites available while the value
of (1/B) In (af}) represents the adsorption quantity when In t equal to zero.
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Fig. 18. Modeling of uptake kinetics for CV with: (a) pseudo-first-order rate expression, (b) pseudo-second-order rate
expression.
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Fig. 19. Modeling of uptake kinetics for MG with: (a) pseudo-first-order rate expression, (b) pseudo-second-order rate
expression.

Comparing the kinetic models, the R? values of the pseudo-second-order kinetic model (0.99975) are slightly higher
than those of the pseudo-first-order kinetic model (0.8859) for CV, while the R? values of the pseudo-second - order
kinetic model (0.99812) for MG are far higher than those of the pseudo-first-order kinetic model (0.8868), Implying that
the Kkinetics of adsorption of both dyes follow the pseudo-second order kinetic model. The correlation coefficients
confirm this consideration, and the value of g. (calc.) from the pseudo-second-order kinetic model is in good agreement
with the experimental results. In this adsorption process, the rate-limiting step may be chemisorption involving strong
forces through sharing or Exchange of electrons from sorbent to sorbate [22]. Multilinearity is provided by the intra-
particle diffusion curve; it does not pass through the origin. The kinetic intraparticle diffusion model (R? = 0.92685 and
0.25347) for CV and MG was determined from the slope of the corresponding second linear area (Figs. 20,21). The
external resistance to the mass transfer surrounding the particles is assumed to be only significant in the initial stages of
adsorption (initial sharp rise). The second linear portion is the phase of gradual adsorption, with intraparticle diffusion
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control. If the plots do not pass through the origin, indicates that the diffusion of the pore is not the only rate limiting
step But other kinetic models may also regulate the adsorption rate, all of which may work at the same time [37]. The
Elovich equation assumes that the adsorbent's active sites are heterogeneous, and thus exhibit various chemisorption
activation energies. When the dye concentration increased, it was observed that the constant o (regarding the rate of
chemisorption, the  constant (related to surface coverage) increased and decreased Tables 6,7 This is due to a drop in
the adsorption surface usable for adsorbents. Thus, by increasing the concentration, the rate of chemisorption may be
increased within the range studied [38]. Therefore, the adsorption kinetics can be approximated satisfactorily by the
pseudo-second - order kinetic model, on the assumption that the rate-limiting step may be chemisorption involving
electrostatic forces through the sharing or exchange of electrons between the adsorbent and the adsorbent. The
adsorption mechanism may be explained by the electrostatic interactions between the positively charged dye ion on the
ZIF-8 surface and the negatively charged sites. CV and MG contain cationic dyes (N*). The dye is dissociated to the
chloride anion (CI") and nitrogen ion (N*) in aqueous solution. The nitrogen ions may bind to the group (OH") at base
pH. However, in a strong alkaline environment, ZIF-8 showed high adsorption capacity for both CV and MG. The
increased efficiency in a heavy alkaline environment resulted from the higher charged ZIF-8 (pH > pHpzc) and the
increased yield of OH" facilitated by increased concentration of OH". The results showed that ZIF-8 can be applied to
adsorb cationic dye as a highly efficient Adsorbent.
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3.5. Thermodynamic parameters

In the light of practical application, it is important to investigate the effect of temperature on adsorption. The experiments
on adsorption were conducted at five different temperatures including 20, 25, 30, 35 and 45 °C. The adsorption potential
increases marginally from 0.961 to 0.9817 mmol.g™! for CV and from 1.39 to 1.997 for MG, with temperature rise from
20 to 45°C. That conduct confirms that The CV and MG adsorption onto ZIF-8 is endothermic. This discovery can be
due to an increase in the mobility of coloring molecules and the rate of diffusion of adsorbent molecules across the
adsorbent surface with increased temperature, resulting in an increase in adsorption capability [39, 40]. The adsorption
equilibrium constant, Kc was determined (Eg. 17) and used for the evaluation of the thermodynamic constants of the
sorbents with the van't Hoff equation (Egs.18,19) and conventional thermodynamic equation (Eq. 20). (i.e., the standard
enthalpy change, AH®, the standard free Gibbs energy, AG®, and the standard entropy change AS®).

K, =—% 17
e =C 17)
€
Where g. and C. are the equilibrium concentration of CV and MG of the adsorbent and in solution, respectively.
AG®=-RT In K, (18)
AGP® = AH? — TAS® (19)
Therefore the van’t Hoff equation becomes:
-AH"  AS°
hKe=—F7+—— (20)
RT R

The value of standard enthalpy change (AH®) and standard entropy change (AS°) for the adsorption process are thus
determined from the slope and intercept of the plot of InK. vs. 1/T (Fig. 22):
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Fig. 22. (a) Van't Hoff plots for CV adsorption onto the ZIF-8 adsorbent.
(b) Van't Hoff plots for MG adsorption onto the ZIF-8 adsorbent

Table 8 shows the values of the thermodynamic parameters. The positive value of AH® confirms the adsorption process's
endothermic nature. AG° negative values indicate spontaneous adsorption reaction. With increasing temperature, the
increase in the negativity of AG® confirms that the "favorability" increases with temperature. On the other hand, the
positive value of the entropy change (AS°) means that after dye adsorption the system's "disorder™ increases [41-43].
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Table 8: Standard enthalpy, entropy and free energy changes for CV and MG adsorption on ZIF-8.
AH®  AS° To AG° (kJ mol™?)
Dye (kJmol™) (I molK™?) (K) 293K 298K 303K 308K 318K 318K

CVv 89.899 338.46 265.61 -9.26 -1096 -1256 -14.35 -16.0 -17.73

MG 42.97 149.97 286.54 -096 -1.72 -247 -3.22 -397 -4.72

3.6. Effect of ionic strength (addition of NaCl)

The effect of chloride ions on the removal of crystal violet and malachite green was examined, by adding increased
NaCl concentrations (from 10 to 40 gL!; Co: 1.9x10"* molL™; sorbent dosage: 0.02 g 25 mL) for Crystal violet while
for malachite green Co: 2.5x10* molL?; sorbent dosage: 0.02 g 25 mL) (Figs. 23,24). Increasing the amount of NaCl
decreases the sorption capacity slightly for the studied adsorbents: the sorption capacity decreases by about 20 percent,
when the concentration of NaCl reaches 20 gL!. This is probably due to the effect of chloride anions competing against
MG and CV anions for interaction with the sites of sorption. It is noteworthy that even if the concentration of NaCl
reaches 40 gL! the reduction is in the adsorption capacity decreases by 1.5%, this indicates that a high adsorption
capacity is maintained even under these drastic conditions. [44].

1.48

1.40 / / /
o 10 20 30 a0

NacCl concentration (g. L‘l)

Fig. 23: Influence of NaCl on CV adsorption onto the ZIF-8 adsorbent (Co: 1.9x10* molL™?; initial pH 9; T: 25 °C;
sorbent dosage: 0.02 g 25 mL ™).
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Fig. 24: Influence of NaCl on MG adsorption onto the ZIF-8 adsorbent (Co: 2.5x10 molL™; initial pH 8; T: 25 °C;
sorbent dosage: 0.02 g 25 mL™).
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3.7. Comparison with other adsorbents

Comparison was made and presented in Tables 9,10 of the maximum CV and MG adsorption capacities using ZIF-8 as
adsorbent with that of other adsorbents previously reported. It shows that the ZIF-8 developed possesses high CV and
MG adsorption capacity.

Table 9: Adsorption capacity (gm) of various adsorbents for the CV dye.

Adsorbent gm (Mg.gt) Reference
Tomato plant root 94.3 [45]
Sulphuric acid activated carbon ~ 85.8 [46]
Skin almond waste 85.47 [47]
Treated ginger waste 64.9 [48]
Activated rice husk 64.87 [49]
Phosphoric acid activated carbon 60.4 [50]
Pinus bark powder 32.8 [51]
Jute fiber carbon 27.99 [52]
Wood apple 19.8 [53]
De-oil soya 5.79 [54]
Sugarcane dust 3.8 [55]
Neem sawdust 3.8 [56]
Palm kernal fiber 78.9 [57]
Potato peel 555 [58]
ZIF-8 643.78 This work

Table 10: Adsorption capacity (qm) of various adsorbents for the MG dye.

Adsorbent Om (Mg.g?Y) Reference
Activated carbon was synthesized from coconut coir 27.44 [59]
SWCNT-COOH 19.84 [60]
Iron humate 19.2 [61]
Cadmium hydroxide nanowires loaded on activated carbon 19 [62]
MWCNT-COOH 11.73 [63]
SWCNTs 4.928 [62]
SWCNT-NH; 6.134 [57]
Activated carbons commercial grade (ACC) 8.27 [60]
Bentonite clay 7.716 [64]
Activated charcoal 0.179 [65]
ZIF-8 60.27 This work
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3.8. Reusability test of adsorbent

For practical applications the reusability of any porous materials such as MOFs is an important property. We have now
compared ZIF-8's adsorption capacity to three consecutive cycles of adsorption-desorption. Cationic dyes are generally
desorbed by a change in pH. Desorption is conducted under standard conditions in most situations. Regeneration of the
investigated sorbent ZIF-8 (the adsorbent loaded with crystal violet and malachite green) was carried out by placing
0.02 g of it in the flask and then carefully washed by flowing several times using 0.01 M HCI until pH reaches 7, then
wash with distilled water several times. After that the remaining amount of ethanol coloring was extracted, collect the
adsorbent and put it in the oven at 60 °C for 4 hours. The adsorbent ready for second take-up after regeneration [66].
For increasing adsorption / desorption process the regeneration efficiency was found 98.6, 94.5, 69.6 %. For MG while
for CV 96.7, 94.2, 62.8 %. This could be due to blockage of ZIF-8 adsorption sites. After three cycles testing we also
characterized XRD of the ZIF-8 material and found that the crystallinity and structure remained intact Fig.24. This result
shows the ZIF-8 has good characteristic of reusability

The efficiency of regeneration was calculated using the following Eq. (22):
Total adsorption capacity in the second run 100

Total adsorption capacity in the first run 22)

Regeneration efficiency (%) =

|
Jﬂwwm”uﬂ MWWWM

intensity, arbitary units

ZIF-8 Regenerated

20 40 60
20

Fig. 24. X-ray diffraction spectra of ZIF-8 and regenerated ZIF-8.

4. Conclusions

In summary, the Zeolitic imidazolate framework-8 (ZIF-8) was successfully synthesized and proved to be an adsorbent
with high efficiency. The morphology of the ZIF-8 is very uniform in spherical form, with an average particle size of
165 to 348 nm in diameter range. The ZIF-8 material has a very large surface area of BET 495.199 m?/g and a total pore
volume of 0.026 cm®/g. Results indicated that CV and MG adsorption depended heavily on initial dye concentration,
initial solution pH, contact time and temperature. The adsorption equilibrium showed that the Langmuir isotherm suited
the experimental data better than the other models for both CV and MG dyes. The mean adsorption energy values (E.)
for CV and MG are 16.14 and 19.79 kJmol 2, respectively suggesting a chemisorption process. The pseudo-second -
order kinetic model, based on the correlation coefficient (R?), was found to follow the adsorption kinetics. The
thermodynamic parameters determined (4H°, 4S° and 4G°) It showed that adsorption of both dyes onto ZIF-8 under
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experimental conditions was spontaneous and endothermic. ZIF-8 has a strong reusability characteristic as it still
represents more than 90 percent after the third run of the original capacity due to its highly effective. The ZIF-8, which
features well-defined standard mesopores, high surface area, and crystalline frameworks, giving great potential for
various types of applications is awaited.
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