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Abstract

A series of naturally occurring diatomaceous earth samples from Ouled Djilali, Mostaganem (Lower Chelif basin, Algeria
northwestern), were investigated, which are characterized by the expansion and evolution during the Messinian age. Four
varieties of diatomite were distinguished, characterized, and successfully used to adsorb methylene blue dye in aqueous
medium. Several properties and characteristics of diatomite have been outlined using analytical methods such as X-ray
fluorescence spectrometry, X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), N, adsorption-desorp-
tion (BET), and scanning electron microscopy (SEM), as well as other complementary analysis tests. Results showed that
silica and calcium carbonates were the main constituents of the diatomite samples (ranging between 32.8 and 61.5% for
SiO,; and 13.8-25.9% for Ca0), with a slight difference in chemical composition between selected samples. Typical for all
diatomite samples, the XRD analysis suggests a high mass quantity of amorphous phase (Opal); high content of crystal
phase was also registered. FTIR allowed determining the basic characteristic silica bands regarding diatomite samples.
While the BET and SEM investigations revealed that the studied diatomite material has a highly porous structure and
was very rich in diatoms. The maximum adsorption capacity of methylene blue that was calculated from the Langmuir
isotherm model was 116.59 mg/g (for Ouled Dijilali: OD05 sample) at 25 °C and pH 7.0. The diatomite from Mostaganemian
(Ouled Dijilali) deposit may find promising applications as low-cost adsorbent for dyes removal from water.
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1 Introduction

Nowadays, water pollution has given rise to serious envi-
ronmental problems [1]. Among the different contami-
nants affecting the aquatic ecosystems, dyes belong to
one of the larger and most important groups generally
discharged in wastewaters from industrial and agricultural
sectors, which present considerable toxicity to human
beings and living organisms [2]. Hence, the depollution

of water from dyes has become of high priority concern.
In response, several methods have been studied to assess
their applicability and removal efficiency. Among these
methods, adsorption especially onto activated carbon has
been considered as the most effective and widely used
one [3-71]. Nevertheless, due to the expensive price and
difficult regeneration process of activated carbons, world-
wide attention has been focused on finding out alternative
adsorbents such as bentonite [8], waste sludge [9], maine
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algae (Ulva lactuca and Sargassum) [10], bagasse fly ash
[11], and almond peel [12].

Diatomite, otherwise known as kieselguhr, diatomaceous
earth (DE), or “Tripoli” of Sicily, is provided from the Messin-
ian diatomitic formation [13]. It represents one of the most
significant sedimentary events of the Neogene in the Medi-
terranean [14]. Diatomite is a silica rock consisting essentially
of fossilized skeletal remains of single-celled aquatic algae
called diatomes. It is characterized by the presence of a rigid
skeleton made of hydrated silica (opal), called frustule [15],
with a number of impurities such as inorganic and organic
matters, and even clay minerals [16]. There are nearly 10,000
species of diatoms forming vast deposits of sedimentation
in various parts of the earth. Due to its unique advantages
and desirable properties, high porosity and small particle
size, that give to the diatomite low density, high permeabil-
ity, high adsorption capacity and specific surface area, and
low thermal conductivity [17], the diatomite provides a wide
variety of uses in sustainable development and environment
such as purification of drinking water, filtration, insulation,
adsorption, manufacture of antibiotics, catalysis, and as an
additive in cement [18-20].

Algeria is considered to have rich area of natural DE
deposits situated in a wide basin called Lower Chelif Basin.
These deposits are still little exploited, since the most
important exploitation is mainly concentrated on the site
of Sig in western Algeria. The present contribution aims
to first highlight the physicochemical, mineralogical and
textural properties of a natural diatomite from the Mosta-
ganemian deposit (Ouled Djilali) using various methods:
X-ray fluorescence spectrometry (XRF), X-ray diffraction
(XRD), scanning electron microscopy (SEM), Fourier trans-
form infrared spectroscopy (FTIR), and N,-BET (Brunauer,
Emmett, and Teller) adsorption-desorption technique.
Adsorption tests were thereafter conducted on the as-
studied material to explore on the removal process effi-
ciency of a cationic dye (methylene blue) from aqueous
media. Different isotherm models were examined for ana-
lyzing the equilibrium data and for a better understanding
of the adsorption process.

2 Location and reserves of Lower Chelif
Basin diatomite deposits

2.1 Lower Chelif Basin

The current area of interest occurs along the northeast-
ern border of the Lower Chelif Basin; in the northwestern
region of Algeria is part of the Lower Chelif Basin (Fig. 1).
The basin is regarded as the largest intramountainous
basin in the north of Algeria [21], in the same way as the
large marginal Neogene basins of the Mediterranean [22].
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Geomorphologically, it is a long depression (ENE/WSW
direction) over about 350 km and 35 km wide. It is lim-
ited to the north by the Oranean coast (Djebel Murdjadjo,
Arzew mountains) and Dahra mountains. Tessala, Beni
Chougrane, Ouled Ali, and Ouarsenis Mounts represent
its borders to the South.

2.2 Ouled Djilali sampling area

The selected diatomite sampling area is deposited in
Ouled Dijilali location southeastern part of Daira of Sidi Ali,
throughout a distance of 11.92 km (N: 36°, 02/, and 36.2".
E: 000°, 31, 44.4"). It is bounded on the north by Douar
Gouassmia, Jebel Chaif Dahmane, and Douar El B'Hara,
in the south by Douar Ouled Fellouh, and Douar Ouled
Mokhtar, in the east by Douar Haddou, and in the west by
Douar Soualmia and Douar Torche (Fig. 2).

3 Materials and methods
3.1 Preparation of samples

Four varieties of natural diatomite samples taken from
each layer from the deposit of Ouled Djilali have been
distinguished on the basis of the colors variability of the
diatomite rocks, their structural and textural features, and
their fracturing effects (Table 1; Fig. 3). The samples were
denoted with the letters OD (according to the site name:
Ouled Dijilali), with additional numbers that correspond to
the different layers.

The OD samples employed in this study were first dried
at a temperature of 110 °C overnight. After being crushed
in HERZOG grinder in a tungsten bowl (3 min at 700 rpm),
the samples were sieved to obtain a size fraction of 63 um
(no refusal must remain) for characterization with X-ray
diffraction and X-ray fluorescence methods, while a size
fractions between 100 and 200 um, served to allow easier
analysis.

3.2 Characterization

The chemical compositions of the raw material were
determined by X-ray fluorescence spectroscopy (XRF)
(S8 TIGER de Bruker). X-ray powder diffraction data (XRD)
were acquired with a BrukerD4 ENDEAVOR analyzer oper-
ating with a CuKa radiation source filtered with a graphic
monochromator A=1.5406 A. The surface morphology
of the raw samples was illustrated by scanning electron
microscopy (SEM), using « Philips XL 30 model ESEM-FEG»
operating at 8 kV. The Fourier transform infrared (FTIR)
spectra were obtained from a «Perkin Elmer» spectrometer
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Fig. 1 Location of the studied site in the Lower Chelif Basin (Algeria) (CorelDRAW 12)

connected to a computer with the scanning range from
400 to 4000 cm™".

The characterization of the specific surface area and
Brunauer, Emmett and Teller (BET) texture parameters of
Ouled Djilali diatomite was carried out by low-temperature
adsorption of nitrogen (at 77.3 K) using a Micromeritics
ASAP-2420 surface area analyzer. The degassing of the
diatomite samples was performed for 12 h at a heating
temperature of 140 °C. The nitrogen adsorption—desorp-
tion isotherms were analyzed to evaluate the required
parameters; the specific surface areas (Sggr) were deter-
mined on the basis of the BET equation. The total pore
volume (V,) was estimated in accordance with the rule
of Gurvich at a relative pressure of 0.977. The volume
of the mesopores (V,,.,) was evaluated from the differ-
ence between the total pore volume (V) and that of the
micropores (Vo).

3.3 Physicochemical properties

In this part, the diatomite samples were first crushed and
sieved at 200 um. Several physicochemical parameters
were studied. For pH determination, diatomite suspen-
sions (2 g of sample in 100 ml of ultrapure water) were
prepared in a beaker of 200 ml volume. The mixtures
were stirred for 6 h, and the pH of the aqueous solutions
was measured immediately on a pH meter model Hi 208,
Hanna instruments. For the chloride ion percentage, diato-
mite suspensions (1 g of diatomite in 75 ml of ultrapure
water) were boiled until a volume of 50 ml. After cooling,
the content was filtered, and the chlorides percentage was
estimated by MOHR’s method (argentometric method)
using silver nitrate as titrant and potassium chromate as
indicator solution. The apparent density was expressed by
means of the ratio between the mass of diatomite (g) and
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the occupied volume (cm?). The percentage of humidity
was estimated by lyophilization process of the samples
for 48 h.

Regarding the water and oil adsorption rate, the deter-
mination of their values was obtained by calculation of the
ratio between the maximum amount of oil (sunflower oil),
or water adsorbed on the diatomite and its mass.

3.4 Batch adsorption experiment

The process of methylene blue (MB) dye removal was
conducted under common batch adsorption experi-
ments. Approximately, 0.1 g of the natural Ouled Djilali
diatomite was put in contact with 50 mL of MB dye solu-
tion at different desired concentrations (10, 20, 30, 40, 50,
80, 120, 160, and 200 mg/L). Each adsorbent-adsorbate
mixture was mechanically stirred at 125 rpm at ambient
temperature (25 °C) until it reached the adsorption equi-
librium (according to preliminary results, the contact time
was fixed to 60 min). Following this, a 0.45 um membrane
filter was used to separate each dye solution from the cor-
responding dye-diatomite interaction system. The resid-
ual concentration in the MB supernatant was analyzed
using a UV-Vis spectrophotometer at the wavelength

Amax =665 nm. All adsorption tests were performed at

pH=7.0. The solutions involved were diluted to proper
concentrations before making measurements. The quan-
tity of adsorbed MB at equilibrium (qe, mg/g) was calcu-
lated as follows:

ge = (CO_

where C, and C, (mg/L) are the concentration of MB
ions at the beginning and the equilibrium concentration,
respectively. V(L) is the volume of MB solution, whereas m
(g) represents the mass of diatomite adsorbent.

Regarding the modeling of the adsorption isotherm,
Langmuir, Freundlich, Sips and Temkin isotherm models
are well applied to describe the adsorption process. More
detailed information and derivation of such models are
summarized in Table 2.

Co) *V/m (M

4 Results and discussion
4.1 Macroscopic properties
The whitish raw OD diatomite material has a laminated

structure with fine grains, releasing easily in hand. It can
be scratched with no significant resistance. Whereas the

Fig.2 Geographical location of the Ouled Djilali sampling area (N: 36°,02’,36.2". E: 000°, 31', 44.4") (ARCGIS)
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Table 1 Macroscopic description of natural diatomite samples from
deposit of Ouled Dijilali

Sample Nature Color  Features and fracturing effects

OD03  Diatomite Whitish Laminated, light, pulverous
OD04 Diatomite Whitish ++ Laminated, light, pulverous
OD05 Marly diatomite Beige  Indurate, massive

OD08 Marly diatomite Beige  ++ Laminated, pulverous
+More

Fig.3 Panoramic view of the studied site

darker samples are massive, indurate, and highly resistant,
this required the use of a big grinding material (HERZOG
grinder). They can be also laminated and easily crumbled
in hand. The raw material is a lightweight sedimentary
rock having strong water absorbability, which emphasizes
a high porosity. Because the sampling was done during
a rainfall period, the samples contained a large volume

of water; significant time was thus required to release
absorbed water from samples.

4.2 Geochemical composition by XRF

The geochemical composition of the natural OD diatomite
samples was obtained by the X-ray fluorescence spec-
troscopy, expressed by means of weight percentages, as
reported in Table 3. Loss-on-ignition represents the per-
centage of material removed during the air calcination of
a sample at 950°C. As can be seen, the XRF results depict
that the main components of the raw OD diatomite consist
of silica (SiO,), with significant amounts of calcium (Ca)
being mainly in the form of carbonate, whereas other min-
eral components, existing typically as impurities in minor
amounts, contribute to the rest of the diatomite composi-
tion. Although the raw diatomite samples are located in
the same deposit, the XRF results show significant differ-
ences in the SiO, and CaO percentages between samples,
in contrary of the other admixtures contents. The whitish
raw materials are composed of 49.5-61.5% SiO,, except
for the indurate marl-diatomite (sample OD5) that con-
tains only 32.8% SiO,. The CaO content varies from 13.8 to
25.9% which generally does not depend on the diatomite
variety distinguished on the base of the variability of rock
colors, and textural features, as it is with the SiO, content.
The two OD04 and ODO05 samples have the most elevated
value of loss on ignition (LOI). They represent the darker
colored diatomite varieties, and both their features (LOI
and color) depend probably upon the presence of high
amount of organic substances. Indeed, we notice in Table 3
that the rate in LOl is correlated with the rate in CaO (as
aforementioned, Ca exists in the natural diatomaceous
earth product as calcium carbonate (CaCO;) which decom-
poses into CaO and CO, above 800 °C). The presence of
high content of SiO, in both OD03 and OD04 diatomite

Table 2 Equations and relevant parameters of the used isotherm models

Isotherm models Equation Description parameters References
Langmuir 9. = Qi Ce C.: concentration of MB dye at equilibrium [23]
€ KRG Q%2 (Mg/g): maximum monolayer adsorption capacity of Langmuir
Freundlich g = K:C" K, (L/mg): Langmuir constant [24]
Sips @ K C, (mg/L): initial MB dye concentration [25]
Ge = W K: [(mg/g)/(mg/L)"]: Freundlich constant
n: dimensionless Freundlich intensity parameter
Temkin Qe = % “In(K - C,) Q°,.x (Ma/g): the Sips maximum adsorption capacity [26]
Ks (mg/L)~"/": the Sips equilibrium constant
n: the exponent of Sips where 0<1/ns< 1
AQ (J/mol): the heat transfer
R (R=8.314 J/mol/K): the universal gas constant
T (K): the temperature
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Table 3 Geochemical composition of the natural diatomite sam-
ples of Ouled Dijilali section (in Weight (%))

Samples 0DO03 0D04 0ODO05 0oDo8
Sio, 61.52 58.9 328 49.5
Al,0, 3.88 355 5.7 3.44
Fe,0, 1.66 15 2.26 1.53
cao 13.8 15.2 259 21.7
MgO 1.53 1.42 3.14 0.4
oR 0.1 0.1 0.15 0.12
K,0 0.84 0.79 0.49 0.7
NaO, 0.21 0.22 1.26 0.32
P,05 0.05 0.06 0.07 0.07
TiO, 0.19 0.18 0.29 0.17
Cr,0; 0.006 0.005 0.007 0.005
Mn,0, 0.012 0.013 0.022 0.025
Zn0O 0.004 0.004 0.005 0.004
SrO 0.05 0.05 0.09 0.08
LOI (950 °C) 15.85 20.69 27.53 17.20

LOl loss on ignition

Fig.4 XRD patterns of the

diatomite samples of Ouled 6000
Djilali (Q: quartz, C: calcite, D:

dolomite, A: alumina)

samples make them interesting materials for adsorption
in various.

4.3 XRD analysis

XRD analysis was performed on OD natural diatomite
samples for mineralogical and chemical identifications,
and the corresponding diagrams are shown in Fig. 4. Addi-
tionally, the X-ray detailed diffraction peaks information is
listed in Table 4. Typical for all samples and more specifi-
cally for OD04 and ODO08 materials, the specific shape of
the obtained diffractograms and the high intensity of the
background suggest a high mass quantity of SiO, present
as amorphous opal A phase whose reflections dominate
in the corresponding XRD patterns between 19° and 32°
(2 Theta), this finding being in accordance with the XRF
results. A high content of crystalline phase and the most
important reflections corresponding to calcite, dolomite,
illite, and kaolinite phases are also observed (Table 4)
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Table 4 Mineranl phages (%.) Samples Calcite Dolomite Quartz Pyrite Illite Chlorite Kaolinite Albite
of the Ouled Dijilali diatomite
samples 0DO03 47.54 6.66 7.03 - 1926 - 13.82 5.69
0D04 33.96 244 4.66 0.15 18.34 2.33 13.78 2.36
0ODO05 55.72 8.69 6.61 - 20.25 1.81 478 2.13
0ODo08 49.10 7.16 5.76 - 17.79 - 14.26 5.93
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revealing raw materials with irregular structures. The dif-
ference in impurities contents such as albite, chlorite, and
pyrite also points to the different sedimentary environ-
ments of the diatomite samples.

4.4 SEM analysis

An insight was provided about the morphology and
microstructure of the obtained OD diatomite samples by
means of scanning electron microscopy (SEM) characteri-
zation. The microscopic pictures revealed the existence
of intact diatomite skeletons whose framework structure
is composed of diatomite shells represented by various
diatom morphological types. The SEM observation clearly
confirmed the presence of a well-defined and mostly pre-
served porous structure, which is an important parameter
and key medium for any adsorption process, the porous
shells consisting mainly of SiO, groups [27, 28]. It can be
also inferred that the diatomite samples are rich in two
classes of diatoms: centric and pennate, and large void vol-
umes (Fig. 5a—c). Each frustule of diatom contains areolae
due to its high porosity, and the size and disposition of
these areolae vary with the species nature. The high poros-
ity of the studied diatomite material was one of the main
reasons for selecting it as a potential sorbent.

4.5 Fourier transform infrared spectroscopy (FTIR)

FTIR technique was used to confirm the presence of the
functional groups of the diatomite before their use as dye
adsorbent. The FTIR analyses spectra are gathered in Fig. 6.
There are no significant differences between the positions
of the basic characteristic bands. Based upon reviewing
the analysis data, the characteristic peaks of diatomite are
clearly detected at 3435, 1426, 1070, 800 and 454 cm™,
The band at 3435 cm™' is due to stretching vibration of the
hydroxyl groups in physically adsorbed water molecules
(silanol group SiO-H) [29-31], and this group is respon-
sible for the adsorption process [32]. The carbonates IR
band appears at 1426 cm™' [33]. The rocking and asym-
metric stretching vibration band of siloxane (-Si-O-Si-) in
diatomite appears at wave numbers 1070 cm™ [30, 33, 34].
Other bands at 800 and 454 cm™ are also characteristic of
silica; the first one may be related to the stretching vibra-
tion of Al-O-Si [35], but it can be also attributed to O-H
deformation or the free silica and/or symmetric stretching
in SiO-H [31, 36, 371, whereas the second band is assigned
to the bending vibrations of Si-O-Si [36].

™,

] = . g i
10/4/2018 HV det HFW WD [
4:20:05 PM|20.00 kV|LFD | 2500 x | 119 pym |11.5 mm| 2.5 |

Fig.5 a Morphology observed with SEM images of OD03 diatomite
sample. b Morphology observed with SEM images of ODO03 diato-
mite sample. ¢ Morphology observed with SEM images of OD03
diatomite sample
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Fig.6 FTIR spectra of the ]
gl_z_;\tomlte samples of Ouled | (OD03)
jilali ]
1 (OD04)
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30 Considering these functional groups on the surface of
the diatomite witch facilitate the electrostatic attraction
254 Adsorni with the cationic MB, it is proposed that hydrogen bond
sorptiog would be formed between the raw diatomite and MB and
20 Desorption contributes significantly to the high adsorption of dye [27].
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Fig. 7 Nitrogen adsorption—-desorption isotherms of raw diatomite
samples of Ouled Dijilali

4.6 N,-sorption study

The N, adsorption-desorption isotherms of the studied
OD diatomite at liquid nitrogen temperature are provided
in Fig. 7. BET and external surface areas as well as pore
volumes of the diatomite samples calculated on the basis
of these isotherms are summarized in Table 5. As shown in
Fig. 7, all the raw OD diatomite samples present the same
Type IV nitrogen adsorption-desorption isotherm shape,
exhibiting a characteristic feature as type Il isotherms in
addition to a steep uptake at P/P, of above 0.8 which can
be assigned to the existence of macropores in the raw

Table 5 Textural parameters of

Samples V, (cm3/g) NTU V. o5 (cm/ Vi (cm?/ Sget (M?/ Seye (M?/
the natural diatomite samples P (cm”/g) mes (cM/9) mic (CM/9) ser (M7/9) ext (M7/9)
of Ouled Djilali 0D03 0.034 0.028 0.006 58.87 3.99

OoDo04 0.028 0.023 0.005 45.28 2.98

0ODO05 0.045 0.040 0.005 69.95 5.38

0OD08 0.034 0.030 0.004 4791 3.31

V,, total pores volume; V.., mesoporous volume, V,,;, microporous volume, Sgcr, BET area, S, external

surface area
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Table 6 Physicochemical and textural characteristics of diatomite materials

Diatomite from Si02 % CaO% Sger (M%/g) Vioral (cM*/9) Viicro (€cm?/g) pH References
Egypt (Kom Osheam) 74.20 10.58 10-30 - - 7.0-8.0 [39]
Awinate (Morocco) 87.71 0.4 22.7 - - 7 [40]
Ras Traf, Rif (Morocco) 72.8 5.86 21 0.035 0.0024 - [41]
Jordan 72 1.48 27.80 [42]
Egypt (Masakheet) 61.65 21.27 [43]
Sig (Mascara- Algeria) 67.3 19.5 22 1.4 - 7.9 [16]
Ouled Dijilali 32.8-61.52 13.8-25.9 45.28-69.95 0.028-0.045 0.004-0.006 7.82-8.14 In this study
V,, total pores volume; V,..;., microporous volume; Sgey, BET specific surface area
Table 7 .Physicochemigal . Samples pH da(*) H Ads H,0 Ads Qils Chlorides
properties of natura.l_ dlfatomlte gcm™ (%) (%) (%) (%)
samples of Ouled Dijilali
ODO03 8.01 0.48 97.20 37.82 63.85 0.209
OD04 7.99 0.42 96.60 45.45 62.77 0.105
ODO05 7.82 0.64 90.46 15.89 98.31 2.144
OoDo08 8.14 0.49 96.35 3233 62.88 0.248

(*) da: bulk density

material. By comparing the different samples of OD diato-
mite, it is obvious that the ODO5 has the larger BET surface
area value (69.95 m? g~'), which was expected to enhance
the adsorption performance [38]. Besides, the Ouled Dijilali
diatomite (47.91-69.95m?%/g) exhibits a higher Sger surface
area value when compared to other diatomite materials
from the literature, as shown in Table 6, and can be consid-
ered as a potential adsorbent for pollutants removal from
wastewater, and environmental remediation.

4.7 Physicochemical tests

The following physical properties of OD diatomite samples
have been determined in terms of apparent density (da);
humidity (H), water and oil absorption (Ads H,O, Ads Qils),
and chlorides percentage. The corresponding results are
summarized in Table 7.

Based on the above results, the bulk density values
range from 0.42 to 0.64 g/cm3. Water absorption values
are between 15.89 and 45.45%, and the oils absorption
values vary from 62.77 to 98.13%. The OD04 sample has
the highest average water absorption, and the lowest bulk
density (light-colored diatomite). However, the darkest-
colored diatomite (OD05, OD08) has the lowest water
absorption and highest bulk density. The two parameters
show reversely proportional dependence [42]. In contrast,
the values of oil absorption and the bulk density show pro-
portional dependence.

The pH of the diatomite aqueous suspensions lies
between 7.82 and 8.14, which may be related to the

presence of alkaline oxides in the diatomite samples pro-
viding a neutral or slightly alkaline reaction of their aque-
ous suspensions [39].

4.8 Discoloration capacity

After examining the textural, structural and physicochemi-
cal properties of the OD diatomite powders, which signifi-
cantly affect their behavior in environmental applications,
these samples were subjected to a discoloration study in
order to evaluate their adsorption performance by means
of methylene blue (MB) dye ions recovery tests from aque-
ous solution, and to explore the adsorbent-adsorbate
interactions. Adsorption isotherm (Fig. 8) was obtained by
varying the MB initial concentration at a fixed temperature
(25 °C), with maintaining a constant dose of adsorbent, the
solid/liquid ratio kept at 2.0 g/L. The adsorption isotherm
was categorized as an L-shape according to the Giles
et al. classification [44] which suggests that the studied
OD diatomite samples exhibit a high adsorption affinity
toward the MB dye in solution without major competition
from water molecules for the solid active sites [45]. The
nonlinear forms of Langmuir, Freundlich, Sips and Temkin
models were used to more interpret the obtained data and
to make it easier to understand the adsorption mecha-
nism (Fig. 8a—-d). According to the isotherm constants and
parameters presented in Table 8, it can be noticed that
the Langmuir and Sips equations are more suitable than
the Freundlich and Temkin equations for the adsorption
system studied in this work. The finding regarding the
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Langmuir fitting can be attributed to the homogenous
distribution of active sites on the diatomite surface [46].
This suggests that the adsorption process of MB dye onto
diatomite surfaces is favorable and monolayer in nature
over the whole range of tested concentrations, induced by
homogeneous solid surface energy along with no interac-
tion between adsorbed species.

From the Langmuir model, a reasonably good maxi-
mum adsorption capacity of the studied OD diatomite
samples was obtained ranging between 79.66 and
116.59 mg/g. As expected, OD05 sample exhibited the
higher Q°,,,« (116.59 mg/g) value than the other Ouled
Djilali diatomite adsorbents. Obviously, adsorption effi-
ciency is greatly related to Sggr and to the total volume
registered values (Table 5), whereas the enhancement of
these two parameters contributes to the enhancement of
the adsorption capacity of the MB dye [28].

As diatomite is a natural material, it must be compared
with other natural materials such as zeolite, phosphor,
gypsum, clay, and other siliceous adsorbents. Table 9
shows the comparison of the adsorption capacities of
some adsorbents. It is clear from the comparison that
the ODO05 (116.59 mg/g) possesses a higher adsorption
capacity than other reported adsorbents, after the Jorda-
nian diatomite (198 mg/g). This is probably due to the fact
that the diatomite surface can interact with MB in different
ways; (1) electrostatic attraction, (2) chemical adsorption
via conjugation, hydrogen bonding, and pore filling mech-
anism [27]. It seems that the amount of MB dye loaded on
the diatomite surface depends on the nature of the surface
(determined by the mentioned method: FTIR, SEM, BET),
which varies from a sample to another (Sge, V,, and the
silica percentage).

5 Conclusions and suggestions

In this study, representative raw diatomite samples were
collected from Ouled Djilali (OD), Mostaganem (Lower
Chelif basin, Algeria northwestern), and subjected to
characterization by several methods. Results show that
the silica (SiO,) constitutes the major component of the
OD diatomite with a significant amount of carbonate (CaO)
beside other minor constituents.

As crystalline phases, were obtained the main accom-
panied minerals: calcite, dolomite, illite, and kaolinite, with
less important presence of pyrite, chlorite, and albite. An
interesting texture with relatively good surface area and
pore volume was estimated for the studied diatomite
products, along with a porous framework structure rich
in intact diatom frustules (centric and pennate forms).
All samples showed a high sorption capacity for oils and
water.
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Table 8 Parameters of

. =2 Model  Unit 0oDO03 OD04 0ODO05 0DO08
adsorption equilibrium
isotherms of MB dye onto Value SD Value SD Value SD Value SD
diatomite samples
Langmuir
Qmax  Ma/g 99.12 2.845 8291 3.202 116.59 5.388 79.66 2.265
K L/mg 0.404 0.032 0342 0.041 0.625 0.071 0.418 0.042
R? - 0.994 - 0.984 - 0.988 - 0.991 -
)(2 - 6.078 - 12.01 - 12.47 - 6.803 -
Freundlich
Ke (mg/g)/(mg/L)"  28.78 3.688 23.75 3.652 39.34 3.981 24.68 2.742
n - 0.385 0.052 0334 0.051 0.451 0.059 0.327 0.037
R? - 0.904 - 0.883 - 0.905 - 0.939 -
Xz - 90.96 - 90.49 - 10233 - 47.12 -
Sips
Qmmax mg/g 93.66 6.499 7757 7.116 11299 10.161 86.49 4.049
K, L/mg 0.429 0.057 0.349 0.061 0.665 0.132 0.386 0.034
R? - 0.988 - 0.971 - 0.986 - 0.995 -
Va - 1168 - 2238 - 15.14 - 4,03 -
Temkin
K¢ L/mg 5.644 0912 4932 1.175 7.557 0.795 7.223 0.877
AQ KJ/mol 133.71 8595 166.20 13471 10573 5.339 179.81 6.944
R? - 0.969 - 0.951 - 0.981 - 0.989 -
)(2 - 28.99 - 37.53 - 20.64 - 8.54 -
SD, standard deviation
Table 9 Comparison of Langmuir maxima adsorption capacity (Q°,,,,) of MB dye
Textural properties Adsorption isotherm condition Q°max (Mg/g)  References
Sger (M%) Vi (cm/g)  pH Time (h) C,(mg/L)range T(°C)
DT (OD05) 69.95 0.045 7 1 10-200 25 116.59 This study
Jordanian DT 27.80 11 48 100-1000 20 198 [42]
Egyptian DT (Masakheet) - - 8 2 60-200 25 104.797 [43]
Marocco diatomite 22.7 - 7 03 8 RT 10.57 [40]
Beer brewery waste (DT waste, 4.522 0.0317 7 24 0.5-25 25 4.92 [47]
Celite Co., USA)
DT (Celite Co., USA) 2.133 0.0045 7 24 0.5-2.5 25 1.80 [47]
Natural clay 30.0 - 5.65 1 10-100 20 58.2 [48]
Ghassoul (Morocco) - - 45-5 2 100-600 25 294 [46]
Kaolin (India) - - - 3 10-25 27 13.99 [49]
Unmodified Zeolite 6.85 1 5-55 25 8.67 [50]
Raw clay (Benguerir, Marocco) - - 6.5 0.5 10-80 25 30 [51]
Phosphate naturel (Marocco) - - - 3 - 25 7.46 [52]
Gypsum 5.67 7.5 1.5 5-25 25 36 [53]
RT, room temperature; DT, diatomite
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When applied as an adsorbent for the methylene blue
(MB) dye removal study, OD diatomite samples displayed
good adsorption ability, evidencing good interactions
between with MB dye adsorbate. The isotherm data fitted
well the Langmuir model, and the calculated adsorption
capacity of MB dye reached 116.59 mg/g (ODO05) at 25 °C
and pH 7.0. The obtained performances were comparable
to those regarding several interesting materials reported
in the literature.

These preliminary findings highlighted the potential
use of the studied Ouled Djilali diatomite as promising
low-cost and ecofriendly adsorbent for dyes separation
from wastewater containing toxic contaminants. A con-
clusion can be also stated about the variation in diatomite
characteristics, in the same deposit, with the variation
in the geological layer or depth, fact which has to con-
sider the suitable destination to choose for any industrial
application.
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