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Abstract
Amorphous silica was synthesized by using Moroccan oil shale ash (OSA) as silica source. The obtained product was characterized by X-Ray Diffraction (XRD), Infrared spectra (IR), Thermogravimetric analysis (TGA) and Nitrogen adsorption–desorption analysis. The results indicated that the amorphous structure of silica was successfully formed with a well-defined structure. The adsorption of three dyes methylene blue (MB), rhodamine B (RhB) and a basic yellow 28 (BY28) on this amorphous silica was studied. The kinetics was used to identify the retention mechanisms. Experimental results were modelled according to kinetic equations representing pseudo-first order and pseudo-second order reactions. The chemical surface reaction was fitted to a pseudo-second order equation, with very high regression coefficients. Intra- particle diffusion is the rate-limiting step in the process of adsorption beyond 10 min contact time for removal of MB and BY28, whereas it was beyond 45 min for Removal of RhB. Langmuir, and Freundlich isotherms were employed to model the experimental results, from which the Langmuir isotherm exhibited the most appropriate model to predict the experimental results.
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Abbreviations
	BY28
	=
	Basic yellow 28

	IR
	=
	Infrared spectra

	MB
	=
	Methylene blue

	OSA
	=
	Oil shale ash

	RhB
	=
	Rhodamine B

	TGA
	=
	Thermogravimetric analysis

	XRD
	=
	X-ray diffraction


1.       Introduction
Oil shale is one of unconventional oil that has been receiving more and more attention recently [1]. Oil shale is used as the chemical and building materials industries, medicine, agriculture, environmental protection, and more, because of its specific composition and structure [2–6]. The basins  of  oil  shale  are  concentrated  in  the  U.S.,  China,  Russia,  Jordan,  Brazil,  Morocco, Australia, Estonia, Canada, Zaire. Equivalent to 411 billion tons is total world resources of oil shale, the United States with its approximately 340 billion tons being the leading country in the world, while Morocco ranks sixth with 53 million [7].

In Morocco, energy is produced from such primary energy resources as hard coal, lignite, asphaltite, petroleum and natural gas. The most important basins of oil shale in Morocco deposits are in Timahdit, Tarfaya and Rif.

Oil shale is defined a solid combustible organic rock which is rich in sapropelic, humosapropelic or saprohumic organic matter and was deposited in marine, lacustrine, deltaic and fluvial environments [8]. When oil shale heated it will yield oil, combustible gas and ash, which organic matter accounts for 10 to 60% of oil shale composition and is evenly distributed in silicate, aluminum silicate or carbonate minerals. The conversion of oil shale into fuel and chemical products can be performed by gasiﬁcation, in the course of which the organic matter of shale is converted into a mixture of carbon oxides and hydrogen, or it can be by pyrolysis to have gaseous, liquid, and solid products [9].

So many researchers focused to develop a proper approach for ash handling and utilization, by synthesis of new functional materials using oil shale ash, synthesis of new functional such as zeolites [10-15], cement and concrete, and soil treatment for agriculture purpose, or adsorbent

materials. In our previous studies we used oil shale as an adsorbent to remove organic and inorganic pollutants [16-18]. Other researchers were trying synthesis high-grade silica and alumina products from oil shale ash. Previous experimental results indicated that oil shale ash could be used as a cheap silicon source to produce silica nanoparticles and silica aerogels because of their interesting properties associated with their stability, low toxicity and ability to be functionalized with a range of molecules and polymers [19-24]. In the present work, the silica gel is synthesized using oil shale ash from Rif (Morocco) as silica sources, by using synthesis process sol-gel.

Dyes could be the first contaminant to be recognized in water, it can be one of the biggest contributors to aquatic pollution. Dyes are widely used in various industries, such as paper, plastics, textiles, cosmetics and leather. The release of colored wastewater from these industries, even a small amount of dyes, can deteriously affect the photosynthetic aquatic life due to reduction of light penetration, which may eventually affect man through the food chain. Dyes are also known to have a high solubility in water. An indication many treatment methods have been investigated to remove dyes from wastewater from contaminated effluent water before discharge to the environment like. These treatment methods can be physical, chemical and biological methods,  so  many  studies  used  methods  like,  photo  catalytic  degradation,  photo-Fenton processes, solar photo-Fenton degradation, biodegradation, integrated chemical–biological degradation, oxidation and ozonation, coagulation and flocculation, electrochemical degradation, membrane separation, sonochemical degradation and adsorption. One of the effective processes for color removal from dye wastewater we could have adsorption by using low cost adsorbents. [25-28]. Various properties of dyes have been investigated and basic dyes were found to be the brightest class of soluble dyes used in textile industries. Various properties of dyes have been

investigated and basic dyes were found to be the brightest class of soluble dyes used in textile industries. In this study we choose cationic dyes, methylene blue (MB), rhodamine B (RhB) and a basic yellow 28 (BY28)

the removal of dyes from wastewater recently is considered to be an important application of adsorption process using suitable adsorbents. Silica can have excellent capacity and large selectivity, the most important that powder recoverability is improved nowadays. Many researches show that the negative charge density due to the presence of Si–O and Si–OH groups, and that could explain why silica can adsorb positively charged dyes and more than negative ones [29]

2.       Experimental
2.1.
Materials
Oil shale ash was used as silica source for synthesis of gel silica. It was collected from RIF Province of Morocco. The organic contents and chemical compositions of the oil shale of four sites in RIF Province (Morocco) are shown in Table 1. The sample was washed in water to remove adhering soil and sand which easily settles down and the sample was ground to < 0.2 mm. After drying in an oven at 100°C for 24 h, The OSA sample was burned at 550 °C in a muffle furnace for 5 h to remove all incorporated hydrocarbons. All chemical were analytical grade reagents. And three reagents of methylene blue (MB), rhodamine (RhB) and basic yellow

28(BY28) as adsorbates. The chemical formula and properties of dyes are listed in Table 2. The chemical structure of the latter is exhibited in Figure 1.

2.2.
Synthesis of silica gel
The synthesis of silica gel was performed by sol-gel method. 30 g of calcined oil shale ash was dispersed in 150 mL of sulfuric acid solution (30 wt.%), the mixture solution was then heated at

100 °C and vigorously stirred for 2h h in a pyrex three-neck round bottom flask equipped with a reflux condenser in a hemispherical heating mantle. This acid washing step was used to remove the small quantities of minerals prior to silica extraction from oil shale ash. Then the slurry was filtered and washed with distilled water for several times until the pH value reached 7. The pretreated oil shale ash was added to 150 mL of sodium hydroxide solution (30 wt.%) and boiled for 5 h in a pyrex three-neck round-bottom flask equipped with a reflux condenser in a hemispherical heating mantle to obtain sodium silicate solution. After the solution was filtered and washed with boiling distilled water, the filtrate and washing were allowed to cool to room temperature. In the last step of synthesis of silica, 30 g of polyethylene glycol was dissolved in

270 mL of the water, then the sodium silicate solution was slowly added to the polyethylene glycol water solution that was being sonicated at 50 °C. The hydrolysis-condensation reaction starts  with  addition  of  0.5  mol/L  sulfuric  acid  solution  until  the  pH  value  equaled  4  and sonication was continued 30 min. The silica gel aged 50 °C for more than 10 h, it was filtered and washed by distilled water for several times to obtain our gel silica which was at 550 °C for 2 h in atmospheric condition to remove the surfactant.

2.3.
Adsorption study
The adsorption experiments of MB, RhB and BY28 dyes from aqueous solutions were carried out in 250 mL glass toppered round-bottom flasks.0.2 mg of silica gel sample was mixed with

100 mL of the aqueous solutions of three dyes at a known initial concentration (20ppm). The flasks with their contents were shaken for different time intervals at room temperature and

natural pH. Effect of initial concentration on the uptake of the three dyes was studied at different initial concentrations (C0 = 10–70 mg/L) by keeping the other parameters constant. The concentration of the three dyes before and after adsorption was determined using UV–Visible

spectrophotometer. The amount of dye adsorption at equilibrium qe (mg/g) was calculated from

the following equation:
𝑞𝑡 =


(C0 ‒ 𝐶𝑡) 𝑉
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𝑚


(1)

C0(ppm): The liquid phase concentrations of dye at initial. Ct(ppm): the liquid phase concentrations of dye at time t. V (L): The volume of the solution.

W (g): The mass of adsorbent used.

3.
Results and discussion
3.1.
Characterization of Silica gel
The  synthetized  silica  was  characterized  using  several  analyses,  X-ray  diffraction  (XRD), Infrared spectra (IR), Thermogravimetric analysis (TGA) and Nitrogen adsorption–desorption analysis. The IR spectrum of the synthesized silica from Moroccan oil shale ash as shown in (figure  2)  is  typical  infrared  reflection  curve  of  silica  as  several  previous  studies  have investigated. it can be clearly observed a strong and broad absorption band peak at 447 cm-1 which is usually ascribed to the bending of vibration of Si-O-Si. The bands at 1036 cm-1 and at

949 cm-1are  associated  with  the  Si-O  asymmetric  stretching,  the  other  peak  at  790  cm-1  is

associated with the Si-Osymmetric stretching. The figure 2 shows that the peaks at 3440 cm−1
and at 1645 cm−1 are due to the –OH groups.

Figure 3 shows X-ray powder diffraction pattern of the prepared silica gel from Moroccan oil shale ash (SiO2100), which is characterized by a broad halo at about 2θ = 10-60 ° region, the typical silica characteristic is observed at a broad peak centered at 2θ=22.5° which confirms the amorphous structure of the studied sample. The figure 3 shows also shows the XRD pattern of the calcined silica particles (SiO2800°). We observe some few peaks appear at 2θ = 22; 2θ=28,6;

2θ = 31,2° and 2θ = 36,2°, indicating the presence of a crystalline phase of silica.

The TGA curve of silica gel prepared from Moroccan oil shale ash is indicated in figure 4. The

TG curve contains three regions of mass loss (figure 4). From room temperature to 200 ◦C, a

11% mass loss is observed corresponding to the volatilization of adsorbed water and impurity. The other two regions of mass are observed from 200 C° to 900 C° with 27% mass loss which could corresponding to dihydroxylation and crystallization of silica gel powder. The nitrogen adsorption–desorption isotherm is shown in figure 5. The isotherms obtained for the sample is of type IV which is the characteristic feature of the mesoporous materials. The desorption cycles of the isotherms showed a hysteresis loop attributed to the capillary condensation occurring in themesopores.

3.2.
Adsorption of dyes on silica
3.2.1    Adsorption kinetics
The kinetics of the three dyes (MB, RhB and RY28) sorption process were studied at 20ppm concentration  with  an  adsorbent  dose  of  2  g/  L  at  natural  pH  (figure  6).  The  equilibrium saturation was rapidly required. For the bleu methylene (MB) and rhodamine B (RhB) sorption, the adsorption uptake was rapid, the equilibrium was reached at the first 10 min compared to 45 min for basic yellow 28 (BY28), which related to the nature of dye and its sorption mechanism onto silica gel surface. Several models can be used to express the mechanism of analyte adsorption onto adsorbent. In order to describe a fat and effective model, investigations were made on adsorption rates.

The pseudo-first-order and the pseudo-second-order kinetic models were evaluated to reproduce the sorption data. The corresponding kinetic parameters are given in Table 3.

The pseudo-first-order kinetic model has been widely used to predict dyes adsorption kinetics. A

linear form of pseudo-first order model was described by Lagergren [30]:
k1
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𝑙𝑜𝑔(𝑞𝑒 ‒ 𝑞𝑡) = log 𝑞𝑒 ‒ (


)𝑡


(2)
qe: the adsorption capacities (mg/g) at equilibrium. qt: the adsorption capacities (mg/g) at time t.


2.303

K1: is the rate constant of pseudo-first order adsorption (L min-1).

The obtained curves by plotting log(qe- qt) versus t did not show a straight-line during the whole adsorption process, indicating that pseudo-first order kinetics could not be used to describe the adsorption behavior of the three dyes onto the mesoporous silica gel.

The pseudo-second-order rate equation of McKay and Ho can be represented in the following

form [31]:
𝑡
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(3)

We calculated the values of K1 and qe from the slopes and the intercepts (log qe). The plots were not linear over the entire time range which means that more than one mechanism is involved in biosorption. The calculated from this kinetic model qcal and experimental one qexp are not equal, and from the regression coefficient values (R2) depicted in Table 3, we could suggest that the biosorption system did not follow the pseudo-first order biosorption rate expression for the initial concentration dye.

The equilibrium adsorption capacity qe, and the pseudo second-order constants K2 (g/mg min) could be determined experimentally from the slope and intercept of plot t/qt versus t (figure 7). The model fits the kinetic data very well with R2 ≈ 1, so we could note that the pseudo second- order  is  better  than  pseudo-first  order  kinetic  (Table  3)  with  a  good  agreement  between calculated and experimental qe values. These results suggest that the adsorption of the dyes selected on silica may be best described by the pseudo-second-order kinetic model at ambient temperature with high correlation coefficients.

The experimental results indicate that the dyes removal rate increases with an increase in adsorption time. The three dyes removal is achieved in between 10 to 45 min and reaches maximum at 60 min. We can explain this phenomenon by the instantaneous utilization of the most readily available adsorbing sites on the silica surface. Beyond 60 min, a slower sorption would follow, as the available sorption sites decrease gradually.

Silica’s surface chemistry is based on hydroxyl groups including single silanol groups(–SiOH), geminal silanol groups (–Si (OH)2) and –Si–O–Si bridges, which have a limited adsorption capacity for specific dyes such as cationic dyes, which is adsorption results from the interaction

of positively charged (BM), (RhB) and (BY28) with the negatively charged surface of silica covered with hydroxy groups [32]. These results reveal the enhanced adsorption capacity and confirm the strong affinity between synthetic silica, and tow dyes bleu methylene (BM) and basic yellow 28 (BY28) more than rhodamine (RhB). Methylene blue was chosen in many studies to be able to characterize adsorptive material, of its known strong adsorption onto solids. Moreover, methylene blue has a hydrophobic inorganic part which directed to adsorption by the surface of silica. Significantly high electrostatic attraction phenomenon exists between those positively charged cationic dyes and the negatively charged surface.

3.2.2    Adsorption isotherms
Various isotherm equations have been used to describe the equilibrium characteristics of the adsorption. To optimize the design of an adsorption system for the adsorption of dyes, we used isotherm equations of Freundlich and Langmuir.

The Freundlich isotherm is derived by assuming a heterogeneous surface with a non-uniform distribution of heat of adsorption over the surface. However, in the Langmuir theory, the basic assumption is that the sorption takes place at specific homogeneous sites within the adsorbent.

The Langmuir isotherm [33] is represented by the following linear equation:
Ce
1
Ce
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qe = qm × b + qm
Ce (mg/L): The equilibrium concentration.

(4)

qe (mg/g): The amount of adsorbate adsorbed per unit mass of adsorbate.

qm: Adsorption capacity. b: Rate of adsorption.

The Freundlich model can take the following form [34]:
ln qe = lnKf +

Kf: The Freundlich constant (mg/g(mg/L) n)

1/n: The heterogeneity factor.

1
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n Ce


(5)

The slope 1/n ranging between 0 and 1 is a measure of adsorption intensity or surface heterogeneity, becoming more heterogeneous as its value gets closer to zero [35].

The plot of Ce/qe versus Ce (figure 9), gives straight lines with slope 1/qm. This figure shows that the adsorption of the three dyes follows the Langmuir isotherm. Accordingly, Freundlich constants (Kf and n) and the Langmuir constants (b and qm) were calculated and listed in Table 4. From this Table, the Langmuir isotherm model yielded the best fit with the highest R2 compared to the other two models.

The initial metal ion concentration was an important variable to evaluate the dyes adsorption ability of an absorbent. In this study, the effect of initial three dyes concentration (10– 70 mg/L) on removal efficiency and adsorption capacity of dyes by silica were investigated in aqueous solution for 2h at 25 C°.

The plots of removal efficiency and adsorption capacity of MB, RhB and BY28 by silica gel and versus initial concentration were shown in figure 8. It was apparent that both removal efficiency and adsorption capacity of dyes by silica were initial dyes concentration-dependent.

It is obvious that with an increase in the initial concentration of MB from 10 to 70 mg/L using a

0.2 mg adsorbent dose at pH=6, the adsorbed quantity of MB removal decreases from 4.54to

24.84(mg/g).

The process may be assumed to occur at substantially homogeneous functional groups and binding sites on the surface of the adsorbents up to a monolayer coverage. Compared with rhodamine B and basic yellow 28 (RhB and BY28), the silica adsorbent shows the highest maximum adsorption capacity of 24.28 mg/g for methylene blue.

However, removal efficiency and adsorption capacity of RhB and RY28 by silica were all significantly lower than that of MB. For MB, removal efficiency reached 90.6 % at the initial methylene bleu concentration of 10 mg/L, while adsorption capacity generally increased from

2.36 to 5.96 mg/g for red basic 12, and it increased from 1.6 to 3.6, as the initial concentration increased from 10 to 70 mg/L. However, adsorption capacity of RhB and BY28 maintained with further increasing initial concentration to 70 mg/L, indicating reaching the maximum adsorption capacity  of  these  two  dyes  by  silica.  This  occurs  because  at  higher  RhB  and  BY28 concentrations, the ratio of available adsorbing sites in the adsorbent is fixed and results in a lower percentage of dyes removal.

It is evident that silica shows excellent cationic dyes adsorption capacity in comparison to an ionic adsorption. This is because of the availability or accessibility of active sites. The presence of silanol group (−OH groups) on silica) improves the adsorption efficiency.

On the basis of above experimental results, we propose a mechanism for dyes adsorption efficiency of the nanocomposite(figure 11). The figure 12 shows silica gel powder after adsorption of the three dyes on silica prepared.

4.       Conclusion
The present study shows that it is possible to obtain silica from waste Moroccan oil shale using sol-gel method. The advantages of this synthetic method that is facile and environmentally friendly method, and we can prepare ultrafine silica powders with low cost for practical applications. The synthesis of silica from oil shale ash is a new way to solve the problem of oil shale ashes pollution in Morocco.

It has been shown that this silica prepared from Moroccan oil shale ash is an effective adsorbent for the removal of some dyes from aqueous solution. The amount of dye removed increased with time. The adsorption kinetic studies showed that the adsorption process followed pseudo-second- order kinetic model. The adsorption capacity followed the order of MB>BY28>RhB. The Langmuir and Freundlich adsorption isotherm models were applied to the adsorption data of the three dyes onto silica. The Langmuir isotherm best fitted the adsorption equilibrium data for all dyes studied.
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Fig. 2. IR spectra of synthesized silica gel from oil shale ash.
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Fig. 3. XRD diffractograms of silica gel and calcined silica at 800 C°.
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Fig. 4. Thermogravimetric curve of silica gel.
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Fig. 5. N2 adsorption–desorption isotherms of the silica gel powder.
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Fig. 6. Effect of contact time on the adsorption of dyes: (pH=6, T =25 C°, C0  = 20 mg/L and m=0.2g).
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Fig. 7. Application of the pseudo-second order model to the adsorption of the Three dyes on silica gel).
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Fig. 9. Application of Langmuir model to the adsorption of the Three dyes on silica gel
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Fig. 10.
Schematic Representations of Interaction of silica gel in Aqueous Solution with
(a) BM, (b)RhB,and (c) BY28
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Fig. 11.
silica gel powder after adsorption of the three dyes on silica prepared
Table 1.
Chemical compositions of the OSA from RIF Province in Morocco
(%)
Tanger
Tétouan
Bab Taza
ArbaAyacha
SiO2
80,22
70,04
73,78
84,46
Al2O3
7,929
12,34
11,87
3,908
Fe2O3
2,172
3,569
1,808
0,644
CaO
0,84
0,36
0,191
0,013
MgO
1,216
1,31
1,323
0,48
TiO2
0,2
0,3
0,31
0,09
Table 2.
The physical and chemical characteristics of dyes

Dye
Chemical formula
Molecular weight (g/mol)
λmax (nm)
MB
C16H18ClN3S
319,852
665
RhB
C28H31ClN2O3
479.02
554
BY28
C21H27N3O5S
433.52
439
Table 3.
Values of the kinetic constants for the adsorption of three dyes on silica gel
	
	Pseudo first order
	Pseudo second order

	Dyes
	K1 (min-1)
	qecal
	qeexp
	R2
	K2
(g/mg.min)
	qecal
	qeexp
	R2

	RhB
	0.0178
	0.015
	3.24
	0.39716
	0.717
	3.21
	3.24
	0.99936

	MB
	0.001
	0.923
	9.12
	0.89669
	0.102
	9.25
	9.12
	0.99964

	BY28
	0.0171
	1.229
	6.485
	0.9841
	0.086
	6.69
	6.485
	0.99968


Table 4.
Values of Langmuir and Freundlich isotherms constants for the adsorption of three dyes on silica gel
	
	Langmuir model
	Freundlich model

	Dyes
	b (ml mg−1)
	qm
	qexp
	R2
	Kf(ml mg−1)
	1/n
	R2

	RhB
	0.4013
	3,7
	3.24
	0.98959
	10.5560
	2.1444
	0.8161

	MB
	0.0463
	12.8256
	17.65
	0.96408
	14.7788
	0.071177
	0.78719

	BY28
	0.1260
	6.1
	5.96
	0.98898
	7.2355
	2.64
	0.87219
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