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Abstract

Activated carbons (ACs) calcined at 400°C, 500°C, and 600°C (AC-400, AC-
500, and AC-600) were prepared using palm nut shells from Gabon as raw
material and zinc chloride (ZnCl,) as a chemical activating agent. Prepared
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ACs were characterized by physisorption of nitrogen (N3), determination of
diode and methylene blue numbers for studies of porosity and by quantifica-
tion and determination of surface functional groups and pH at point of zero
charge (pHj..) respectively, for studies of chemical properties of prepared ACs.
Then, effects of calcination temperature (T..) on porosity and chemical prop-
erties of prepared ACs were studied. The results obtained showed that when
the calcination temperature increases from 500°C to 600°C, the porosity and
chemical properties of prepared ACs are modified. Indeed, the methylene blue
and iodine numbers determined for activated carbons AC-400 (460 and 7.94
mg-g™', respectively) and AC-500 (680 and 8.90 mg-g™!, respectively) are
higher than those obtained for AC-600 (360 and 5.75 mg-g™', respectively).
Compared to the AC-500 adsorbent, specific surface areas (Sger) and mi-
croporous volume losses for AC-600 were estimated to 44.7% and 45.8%, re-
spectively. Moreover, in our experimental conditions, the effect of Ty on the
quantities of acidic and basic functional groups on the surface of the ACs ap-
pears negligible. In addition, results of the pHy,. of prepared ACs showed that
as Tcu increases, the pH of the adsorbents increases and tends towards
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neutrality. Indeed, a stronger acidity was determined on AC-400 (pH,c = 5.60)
compared to those on AC-500 and AC-600 (pH,,. = 6.85 and 6.70, respec-
tively). Also according to the results of porosity and chemical characteriza-
tions, adsorption being a surface phenomenon, 500°C appears to be the opti-
mal calcination temperature for the preparation of activated carbons from
palm nut shells in our experimental conditions.

Keywords

Palm Nut Shells, Activated Carbon, Calcination Temperature, Porosity and
Chemical Properties

1. Introduction

Natural or synthetic zeolites, modified clays and activated carbons (ACs) are
among the porous materials used in scientific research as adsorbents in adsorption
processes for air, gas and water treatments and in the removal of organic and min-
eral pollutants from aqueous media [1]-[9]. Among these porous materials, acti-
vated carbons are the most widely used in adsorption processes in aqueous media
because of their textural, structural and chemical properties [9].

Concerning textural properties, in the structure of ACs we can find macropores
with opening diameters > 50 nanometers (nm), mesopores with diameters be-
tween 2 - 50 nm, and micropores with pore diameters < 2 nm [10] [11]. This po-
rous structure allows ACs to trap chemical molecules or species of different sizes
[12]. The chemical properties of ACs are attributed mostly to acid (phenolic, car-
bonyl, carboxylic, etc.) and basic (pyrone, chromene, etc.) functional groups lo-
cated on the surface of solids [13] [14]. These acidic and basic functions groups
promote interactions between many ionic species and the surfaces of activated
carbons [13]. Thus, these textural and chemical properties allow activated carbons
to adsorb (trap) or remove jonic species or organic and inorganic molecules [9]-
[13]. It is therefore important, when preparing activated carbons, to obtain ACs
that have well structural (or physical) and chemical properties depending on the
intended application.

In fact, several studies have been carried out on the influence of pyrolysis (cal-
cination) temperature on structural and chemical properties, under a variety of
experimental conditions [15]-[19]. For example, the work of Kouassi Brou et al
[15] on the physico-chemical characterization of ACs obtained by pyrolysis at 400
and 600°C, showed that specific surface areas (Spger) and microporous volumes
increased when increasing the pyrolysis temperature. They also observed an in-
crease in the pH of prepared ACs and obtained mainly materials with a mi-
croporous structure. The results obtained by Bouchemal ef al [16] on the effect of
calcination temperature on ACs impregnated with ZnCl, and calcined between
500 °C and 600°C under an inert atmosphere (N,), showed also an increase in

both the Sger and microporous volumes respectively when the temperature
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increased from 500°C to 600°C.

On the other hand, activated carbons are prepared from carbon-rich raw mate-
rials. Wood, coconut shells, and other carbon-rich plant-based materials are
among the sources of raw materials used [6] [10] [20]. Waste from the food in-
dustry, such as palm nut shells, can be recovered by being used as source of raw
material in the preparation of activated carbons [21]. In Gabon, in order to diver-
sify the economy, the company Olam Palm Gabon has been created for the devel-
opment of the palm oil sector. Today, Olam Palm Gabon operates on 300,000 hec-
tares of forests and more than 4500 oil palm plantations [22]. Thus, in the pro-
duction of palm oil, significant wastes from palm nut shells are produced and are
responsible for significant environmental pollution, particularly visual pollution.
As a result, the recovery of these wastes is becoming very necessary.

In literature, very few studies have featured on the effects of calcination tem-
perature (pyrolysis) on structural and chemical properties of ACs prepared from
industrial wastes, in order to determine the optimal experimental conditions for
obtaining ACs, when calcined in an air atmosphere, for being used as molecular
sieves in the removal of organic or inorganic pollutants in aqueous media.

Indeed, this work aimed to evaluate the influence of calcination temperature on
porosity and chemical properties of activated carbons prepared from palm nut
shells of Gabon as raw material and zinc chloride (ZnCl,) as activating agent. This
will enable to determine, in our experimental conditions, the optimal pyrolysis
temperature for the obtention of activated carbons with best structural and chem-

ical properties.

2. Experimental

2.1. Preparation of Activated Carbons

Activated carbons (ACs) were prepared using palm nut shells collected in the city
of Franceville, in the Haut-Ogooué region of Gabon. The entire preparation pro-
cedure of the ACs was reported in a recent study [8]. However after impregnation
at a ZnCl, solution to 1 M (1:1 ratio (ZnCl,: Acros Organics, purity > 98.5%) and
drying, the solids were activated at 400°C, 500°C, and 600°C for 1 h and 30
minutes (min) with a heating rate of 5°C-min~". The activated carbons obtained
were cooled, rinsed with 0.1 M HCI (HCl: Emsure, purity: 33%) and washed with
distilled water until the pH of the residual water being equal to 6.5. Then dried in
the oven for 48 h at 100°C. The activated carbons obtained at 400°C, 500°C, and
600°C were indexed AC-400, AC-500, and AC-600, respectively (Figure 1).

2.2. Characterizations of Porosity and Chemical Properties

2.2.1. Porosities of ACs

1) N, physisorption

Data on the surface areas and pore volumes were carried out using a Mi-
cromeritics TRISTAR 3000 instrument following method described in the work

of Belin et al. [2]. About 100 mg of activated carbon sample was pretreated during
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1 h at 90°C, and 10 h at 350°C successively. Physisorption isotherms of nitrogen
(N2) were carried out at —196°C. The specific surface areas of samples were eval-
uated by means of the Brunauer, Emmett and Teller (BET) theory [23]. Mi-
croporous and mesoporous volumes were determined by t-plot method of De

Boer and Dubinin-Radushkevich equations respectively [24]-[26].

1 Raw materials 2 Im;_)reg_nation of 3 Oven drying
treatment activating agent

- 4

ZnCl,/72h

Washing, drying at room T. and crushing

. . Activated b
Porosity and chemical
characterizations
| §
o &
S

AC-400 b
AC-500 - Washing (HCI /H,0 (distilled)) T °C (400 / 500 / 600)
AC-600 - Ovendryat110°C/24h /1h30 min under air

Figure 1. Process of preparation of activated carbons from palm nut shells.

2) Iodine number

The iodine number test was performed on prepared activated carbons based on
the ASTM D4607-94 method [27]. 10 mL of hydrochloric acid (1 N) was mixed
with different masses of activated carbon (0.1, 0.3, and 0.5 g), stirred and boiled
for 30 seconds. Once the mixture cooled, 50 mL of an iodine solution (0.02 N
(Fisher Scientific)) was added. The mixture was then stirred vigorously for 30 sec-
onds and then vacuum-filtered. The filtrate was then titrated with a sodium thio-
sulfate solution, Na,S,0; (0.1 N (Na,S,03: Labosi, purity > 99%)), until stained. 2
mL starch (1 g-L™') were then added to the titrated filtrate and then the titration
was continued until the solution was completely discolored.

The residual concentration of iodine is given by the following relationship (2):

C-V,,

SV

C (1)

With, C: residual concentration of I, (N); C: concentration of Na,S,05 (N); Vg
volume of Na,S$,0; (mL) and V: volume of titrated filtrate (mL).
The residual concentration of I, should be between 16 x 10™* N and 8 x 107> N.

Thus, the amount of iodine adsorbed is given by the following formula (2):

[A—(DF BV, )]

)

Q|2 =

where, A is the concentration of I (mol-L™') x Molar mass of iodine (g-mol™); B
is the concentration of Na,S,0; (mol-L™) x Molar Mass of Iodine (g-mol™), DF is

(Vlz Vi )

Filtrate

the dilution factor ( ) and myc is activated carbon mass (g).
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By plotting the curve Q, = AC), the iodine number is then the value of Q,
(mg-g™) corresponding to a residual iodine concentration of 0.04 N.

3) Methylene blue number

The method used was the same as that proposed by the European Centre of
Chemical Industry Federations (ECCIF) [28]. 25 mL of methylene blue (M.B) so-
lution (120 mg-L™' (M.B: Alp’Osmose, purity > 98.2%)) were put in contact with
0.1 g of activated carbon and then stirred (200 rpm) for 20 minutes. The mixture
was then filtered on Biichner and the residual concentration of methylene blue
was determined by colorimetry using a Thermo Scientific Evolution 60S spectro-
photometer, using a previously established methylene blue calibration curve, at a
wavelength A = 664 nm.

The methylene blue number is given by the following relationship (3):

(Co—Ci )V

Qpm = —mAC (3)

where, Qg is the methylene blue number (mg-g™); G is the initial concentration
of methylene blue (mg-L™); Cris the residual concentration of methylene blue
(mg-L™); macis the activated carbon mass (g) and V is the volume of the meth-

ylene blue solution in (L).

2.2.2. Chemical Properties of ACs

1) pH at point of zero charge (pHy.c)

The pH at point of zero charge (pH,..) of activated carbons were obtained based
on the acid-base titration method described by Amola [29] and reproduced in in
a recent study [8]. The pH,.. of activated carbons are given by the point of inter-
section between the experimental curves and the theoretical curves of pHna =
I(PHininal) .

2) Surface Functional Groups

The quantification of surface functional groups of activated carbons was per-
formed using the Boehm method [30], with little modifications applied in a recent
study [8]. The number of equivalents (m.-g™') or concentrations (mmol-g™') of
acid or basic surface functional groups were calculated using the following Equa-
tion (4):
Cx(V, -V, )x1000

n(mmol-g™) = m

4)

where Cis the concentration of NaOH (Emsure, purity > 99%) or HCI (mol-L™');
Vsand V;are the equivalent volumes of the blank and sample (L) respectively; m

is the mass of activated carbon (g) and 1000 is the conversion factor (mmol).

3. Results and Discussion

The study of the influence of calcination temperature (T..) was carried out after
characterizations of porosity and chemical properties of prepared activated car-
bons (AC-400, AC-500, and AC-600).
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3.1. Effect of Tca on Porosity

The study of the effect of calcination temperature on porosity was conducted
based only on data from the methylene blue and iodine numbers and those ob-
tained from the N, physisorption study of prepared ACs.

Iodine number is an important parameter in the characterization of activated
carbons [23]. Indeed, it provides information on the ability of activated carbons
to trap or adsorb small molecules and therefore provides information on the mi-
croporosity of the material [31] [32]. Figure 2 shows the iodine number values
obtained on activated carbons calcined to 400°C, 500°C, and 600°C (AC-400, AC-
500, and AC-600 respectively). Regardless of the calcination temperature applied,
the prepared ACs developed micropores in their structures. The iodine number
obtained vary between 360 - 680 mg-g™'. In contrast to the work of Huang et al.
[31], the results in Figure 2 indicate an increase in the iodine number as the cal-
cination temperature (Tc.) increases from 400°C to 500°C and a decrease as T.a
increases from 500 °C to 600°C. Indeed, the values of the iodine number obtained
on AC-400 and AC-500 (460 and 680 mg-g™* respectively) are higher than those
obtained on AC-600 (360 mg-g™*).

700 -+ 680

600 -
500 il 460

400 il 360
300 il

200 +

lodine number (mg-g™)

100 +

0

AC-500
Adsorbents

AC-400

Figure 2. Iodine number obtained on prepared activated carbons AC-
400, AC-500, and AC-600.

In our experimental conditions, it seems that at 500°C (AC-500) we develop
more adsorption sites favorable to interactions with iodine and/or microporosity
likely to trap/adsorb small molecules, compared to AC-400. In addition, when T
increases from 500°C to 600°C, a loss of adsorption sites or microporous surface
is observed. This loss of microporous surface could be related to collapse of the
microporous structure at 600°C or clogging of the microporous due to ash for-
mation during calcination at this temperature [31].

Figure 3 shows the methylene blue number values obtained on adsorbents stud-
ied. Prepared ACs appear to have developed mesopores within their structures but
very negligible compared to micropores (Figure 2). Indeed, the values of the meth-
ylene blue number range between 5.72 and 8.90 mg-g". As in the case of the iodine

number, the methylene blue number also increases as the calcination temperature
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(T.a) increases from 400°C to 500°C and decreases from 500°C to 600°C (Figure 3).
There is also a loss of adsorption sites or mesoporous surfaces, on AC-600, favorable
to the trapping of big molecules, such as methylene blue, when Ty = 600°C.

8.90
97 7.94

g 81
IS 7T
:Cs 6 1 5.72
3% 5t
o I
0 g *
g 37
[0) iR
=

AC-400 AC-500 AC-600

Adsorbents

Figure 3. Methylene blue number obtained on prepared activated car-
bons AC-400, AC-500, and AC-600.

In our experimental conditions it appears that, regardless of T.., the prepared
ACs seem to develop mainly a microporous structure. This parameter appears to
be related to the activation agent (ZnCl,) used in the ACs activation process. Alt-
hough little is known about the mechanism of this process, it is known in the lit-
erature that ZnCl, used as an activating agent promotes pore creation during the
calcination process in the preparation of ACs [33]-[35].

The results obtained are in agreement with the work of Molina-Sabio et al [36],
who used ZnCl, as an activating agent in the preparation of activated carbons.
Similarly, they observe a loss of porosities when the carbonization temperature is
above 500°C.

Figure 4 shows the N; physisorption isotherms obtained on the prepared ACs.
The isotherms obtained are type I, characteristic of microporous materials [37],
regardless of Tea.

80 -

70 4
| -0 AC-600
60 | —+AC-500
-m-AC-400

50

40

N, adsorbed volume (cm? g'-STP)

0 T o000 6 0@V BREOBAPEPOWLE VP EWEPS D

20 P : - : : | : : |
0.0 0.2 0.4 0.6 0.8 1.0
P/P,

0

Figure 4. Isotherms of N2 physisorption obtained on prepared activated car-
bons AC-400, AC-500, and AC-600.
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Table 1 summarizes the specific surface areas (Sger), average diameters and
pore volumes obtained after exploitation of isotherms of N, physisorption of stud-

ied adsorbents.

Table 1. Structural properties obtained by N2 physisorption on prepared activated carbons
AC-400, AC-500 and AC-600.

SBET Aver: age Pore Vmicro Veso Viotal pore
Adsorbents )
(m2-g™) size (nm) (cm?g™) (cm?g™) (cm?g™1)
AC-400 182.4 1.70 0.071 0.003 0.077
AC-500 210.3 1.72 0.085 0.004 0.092
AC-600 116.2 1.68 0.046 0.002 0.049

Sset: specific surface BET. V micro: microporous volume. Vimeso: mesoporous volume.

According to results, a decrease in Sger and porous volumes is observed when
the Tea increases from 500°C to 600°C and an increase from 400°C to 500°C. In-
deed, the Sger and microporous volume obtained on AC-600 (116.2 m*g™ and
0.046 cm®-g™! respectively) are lower than those obtained on AC-400 (182.4 m*g™!
and 0.077 cm’-g™! respectively) and AC-500 (210.3 m*g™* and 0.085 cm* g’ re-
spectively). The results of the N, physisorption study are in agreement with those
obtained in the quantification of the methylene blue and iodine number. Indeed,
prepared ACs have predominantly microporous structures with negligible meso-
porosity. On the other hand, the average pore sizes obtained on the adsorbents
studied are comparable (Table 1). Therefore, there is no effect of calcination tem-
perature on pore size in prepared ACs.

Based on the study of the porosities of prepared ACs, adsorption being a surface
phenomenon, AC-500 adsorbent has the best surface and pore volume properties
(Table 1) for use in solid adsorption experiments. It appears, in our experimental
conditions, that 500°C is the maximum calcination temperature to be applied in
the preparation of ACs. Above 500°C, a loss of surface area and micropores vol-

ume would be possible.

3.2. Effect of Tca on Chemical Properties

In order to evaluate the effect of calcination temperature on the chemical proper-
ties of prepared ACs, acidic and basic surface functional groups have been quan-
tified and pH at point of zero charge (pHy.c) determined.

The pH,.. is used to determine the acid-base character of prepared ACs and to
evaluate the overall charge of the material according to the pH of the media [38]
[39]. The surfaces of the activated carbons will be charged + or — when the pH of
the treated media is < and/or > at pH.. [18] [29]. Figure 5 shows the pHy,. values
determined on prepared activated carbons.

The pH,,. values obtained vary between 5.60 - 6.85. The pH,,. increases as Tca
increases and tends towards neutral pH values. Indeed, the pH,,. obtained on AC-
500 and AC-600 (6.85 and 6.70 respectively) are close to the pH value = 7 and
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higher than the pH.. of the AC-400 adsorbent (5.60). Based on these results and
in our experimental conditions, the pH,,. of prepared ACs tends towards neutral-
ity as the calcination temperature increases. However, it appears that regardless
of T.a, prepared ACs retain an acidic character, in particular the adsorbent AC-
400 (Figure 5).

9 -+
1 pH,,,. = 6.85
g8 1
7 4
© 6 T
=
5 54
4 1
-©-AC-400
3 --AC-500
->AC-600
2 t t ! } t t t } I } t {
2 3 4 5 6 7 8 9

pH initial

Figure 5. Values of pHy. determined on prepared activated carbons AC-400,
AC-500 and AC-600 using acid-base titration method [29].

Figure 6 shows the concentrations of the acidic (carboxylic, phenolic, etc.) and
basic (pyrones, chromenes, etc.) surface functional groups quantified on AC-400,
AC-500, and AC-600. Acidic functional groups are predominant on the surface of
prepared ACs. Indeed, their concentrations vary between 2.80 - 3.58 mmol-g™* and
those of the basic functional groups between 0.21 - 0.83 mmol-g™*. These results
are in agreement with those of pHy.. (Figure 5). Prepared adsorbents are mainly
acidic in character. In the work of Zue Mve et al [40], by preparing of activated
carbons with ZnCl, as an activating agent, they also obtained the majority of
groups of acidic functions on the surface of the solids. Therefore, it appears that
ZnCl, promotes the activation of acidic functional groups on the surfaces of pre-
pared ACs. The works of Thouraya et al [41] has also revealed an increase in
acidic surface functional groups when the activating agent is acidic. This study
also that showed that the results of acidic and basic functional groups on the sur-
face of ACs obtained by Boehm titration were in agreement with those obtained
by FTIR spectroscopy. According to results of this study, the wide transmittance
band appearing at 3423 cm™' is related to the OH stretching vibration mode in
alcohol and phenol. The peak at 2359 cm™ could be attributed to CN stretching.
Bands appearing between 1622 and 1543 cm™ are ascribed to C-C vibrations in
aromatic rings. The band between 1340 - 1360 cm™ may be attributed to the aro-
matic CH and carboxyl-carbonate structures. The bands located at 1111 cm™ and
1052 cm™ are related to C-O stretching in alcohols and phenols. The bands ob-
served between 1000 cm™ and 500 cm™ are due to the out-of-plane deformation
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mode of C-H for alkene aromatic rings.

35 T 3.562
(@] a T
8 T 3.23
S g 3+ 2.80
T —
S g 25 +
$E o1
[2])
O g
%5 5 1.5 +
|20}
5= 1+ 0.83
O ®
5 S 05 “ 0.64
2% Y07 0.21
§§ 0 N s t t :
8 AC-400 AC-500 AC-600
Adsorbents

Acidic functional groups BBasic functional groups

Figure 6. Concentrations of basic and acidic surface functional groups obtained
on prepared activated carbons AC-400, AC-500, and AC-600 using Boehm ti-
tration method [25].

The results do not show significant variation in the acid and basic functional
groups of prepared ACs as T increases (Figure 6). However, on AC-500, there
was a slight decrease in the amounts of acid surface functional groups (2.80
mmol-g™'), compared to amounts obtained on AC-400 and AC-600 (3.52 and 3.23
mmol-g respectively).

Thus, in our experimental conditions, the calcination temperature has a negli-
gible effect on acidic and basic surface functional groups of studied materials. This

parameter appears to be related to the activation agent used.

4. Conclusions

The objective of this work was to prepare activated carbons (ACs), by the chemical
method, at different calcination temperatures (Tc.), 400°C, 500°C, and 600°C
(AC-400, AC-500, and AC-600) using palm nut shells as raw material and the zinc
chloride (ZnCl,) as a chemical activating agent. The prepared ACs were charac-
terized by nitrogen (N;) physisorption, the determination of iodine and methylene
blue numbers for porosity studies, and the quantification and determination of
surface functional groups and pH at the point of zero charge (pH..) for chemical
property studies. Then, effects of calcination temperature (Ta) on porosity and
chemical properties of prepared ACs were performed.

The results obtained show that when the calcination temperature reaches
600°C, the porosity and chemical properties of the prepared ACs are modified.
Indeed, methylene blue and iodine numbers determined on AC-400 (460 and 7.94
mg-g~', respectively) and AC-500 (680 and 8.90 mg-g™' respectively) are higher
than those obtained on AC-600 (360 and 5.75 mg-g™, respectively). Compared to
AC-500 adsorbent, specific surface areas (Sper) and microporous volumes losses

on AC-600 were estimated at 44.7% and 45.8%, respectively. Moreover, in our
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experimental conditions, the effect of T.a on the quantities of acidic and basic
functional groups on the surface of the ACs appears negligible. In addition, results
of the pH at point of zero charge (pHy..) of the prepared ACs show that as Ty
increases, the pH of the adsorbents increases and tends towards neutrality. Indeed,
a stronger acidity was determined on AC-400 (pHy. = 5.60) compared to those
on AC-500 and AC-600 (pH,.. = 6.85 and 6.70, respectively). Also based on the
results of porosity and chemical characterizations, adsorption being a surface phe-
nomenon, 500°C appears to be the optimal calcination temperature in the prepa-

ration of activated carbons from palm nut shells in our experimental conditions.

Acknowledgements

The authors are grateful to Professor Samuel Mignard and the CNRS Research
Fellow Alexander Sachse of the Institute of Media and Materials Chemistry of Poi-
tiers (IC2MP) for their help in the characterization of materials.

Conflicts of Interest

The authors declare no conflicts of interest regarding the publication of this paper.

References

[1] TJha, B. and Singh, D.N. (2011) A Review on Synthesis, Characterization and Indus-
trial Applications of Flyash Zeolites. Journal of Materials Education, 33, 65-132.

(2] Belin, T., Mve Mfoumou, C., Mignard, S. and Pouilloux, Y. (2013) Study of Phy-
sisorbed Carbon Dioxide on Zeolites Modified by Addition of Oxides or Acetate Im-
pregnation. Microporous and Mesoporous Materials, 182, 109-116.
https://doi.org/10.1016/j.micromeso.2013.08.020

[3] Sun, L., Wang, Z. and Gao, B. (2020) Ceramic Membranes Originated from Cost-
Effective and Abundant Natural Minerals and Industrial Wastes for Broad Applica-
tions—A Review. Desalination and Water Treatment, 201, 121-138.
https://doi.org/10.5004/dwt.2020.25910

[4] Soltani, A., Faramarzi, M. and Mousavi Parsa, S.A. (2021) A Review on Adsorbent
Parameters for Removal of Dye Products from Industrial Wastewater. Water Quality
Research Journal, 56, 181-193. https://doi.org/10.2166/wqrj.2021.023

[5] Obaje, S.0., Omada, J.I. and Dambatta, U.A. (2013) Clays and Their Industrial Ap-
plications: Synoptic Review. International Journal of Science and Technology, 3, 264-
270.

[6] Sabzehmeidani, M.M., Mahnaee, S., Ghaedi, M., Heidari, H. and Roy, V.A.L. (2021)
Carbon Based Materials: A Review of Adsorbents for Inorganic and Organic Com-
pounds. Materials Advances, 2, 598-627. https://doi.org/10.1039/d0ma00087f

[7] Al-Aoh, H.A. (2019) Equilibrium, Thermodynamic and Kinetic Study for Potassium
Permanganate Adsorption by Neem Leaves Powder. Desalination and Water Treat-
ment, 170, 101-110. https://doi.org/10.5004/dwt.2019.24905

(8] Mve Mfoumou, C., Tonda-Mikiela, P., Ngoye, F., Berthy Lionel, M., Mougnala Spen-
seur, B., Sachse, A., et al (2022) Dynamic Adsorption on Fixed-Bed Column of Man-
ganese Oxoanions (mnos’) in Aqueous Media on Activated Carbon Prepared from
Palm Nut Shells. Journal of Environment Pollution and Human Health, 10, 58-70.
https://doi.org/10.12691/jephh-10-2-4

DOI: 10.4236/0jic.2024.142002

29 Open Journal of Inorganic Chemistry


https://doi.org/10.4236/ojic.2024.142002
https://doi.org/10.1016/j.micromeso.2013.08.020
https://doi.org/10.5004/dwt.2020.25910
https://doi.org/10.2166/wqrj.2021.023
https://doi.org/10.1039/d0ma00087f
https://doi.org/10.5004/dwt.2019.24905
https://doi.org/10.12691/jephh-10-2-4

C. Mve Mfoumou et al.

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Dutta, S., Gupta, B., Srivastava, S.K. and Gupta, A.K. (2021) Recent Advances on the
Removal of Dyes from Wastewater Using Various Adsorbents: A Critical Review.
Materials Advances, 2, 4497-4531. https://doi.org/10.1039/d1ma00354b

Miguet, M. (2015) Adsorption de COV issus d’eaux souterraines et régénération des
Charbons actifs par voie solaire. Ph.D. Thesis, Université de Perpignan.

Rougquerol, F., Luciani, L., Llewellyn, P., Denoyel, R. and Rouquerol, J. (2003) Texture
des matériaux pulvérulents ou poreux. Techniques d analyse, 2, 1050.1-1050.24.
https://doi.org/10.51257/a-v3-p1050

Py, X., Guillot, A. and Cagnon, B. (2003) Activated Carbon Porosity Tailoring by
Cyclic Sorption/decomposition of Molecular Oxygen. Carbon, 41, 1533-1543.
https://doi.org/10.1016/s0008-6223(03)00092-7

Chen, J.P. and Wu, (2004) Acid/Base-Treated Activated Carbons: Characterization
of Functional Groups and Metal Adsorptive Properties. Langmuir, 20, 2233-2242.
https://doi.org/10.1021/1a0348463

Barkauskas, J. and Dervinyte, M. (2004) Investigation of the Functional Groups on
the Surface of Activated Carbons. Journal of the Serbian Chemical Society, 69, 363-
375. https://doi.org/10.2298/jsc0405363b

Guillaume, K.B., Serpokrylov, N.S., Smolyanichenko, A.S., Cheblakova, E.G., Gorina,
V.A.and Yoboué, D.V. (2019) Caractéristiques physico-chimiques du charbon de py-
rolyse de coques de noix d’anacarde et des charbons actifs qui en sont dérivés. Envi-
ronnement, Ingénierie & Développement, 82, 17-24.

Bouchemal, N., Belhachemi, M., Merzougui, Z. and Addoun, F. (2009) The Effect of
Temperature and Impregnation Ratio on the Active Carbon Porosity. Desalination
and Water Treatment, 10, 115-120. https://doi.org/10.5004/dwt.2009.828

Liu, Z., Huang, Y. and Zhao, G. (2016) Preparation and Characterization of Activated
Carbon Fibers from Liquefied Wood by ZnCl: Activation. BioResources, 11, 3178-
3190. https://doi.org/10.15376/biores.11.2.3178-3190

Idris-Hermann, K.T., Raoul, T.T.D., Giscard, D. and Gabche, A.S. (2018) Preparation
and Characterization of Activated Carbons from Bitter Kola (Garcinia Kola) Nut
Shells by Chemical Activation Method Using H;PO4; KOH and ZnCl.. Chemical Sci-
ence International Journal, 23, 1-15. https://doi.org/10.9734/csji/2018/43411
Ogunsile, B.O., Odesola, I.F., Oluwole, O. and Labulo, A.H. (2014) Production and
Characterization of Activated Carbon from Chemically Treated Agricultural Wastes.

Journal of Applied Sciences Research, 10, 29-35.

Cagnon, B. (2002) Elaboration de charbons actifs a texture contrdlée pour la purifi-
cation par PSA de mélanges gazeux. Ph.D. Thesis, UPVD.

Guo, J. and Lua, A.C. (2003) Surface Functional Groups on Oil-Palm-Shell Adsor-
bents Prepared by H;PO. and KOH Activation and Their Effects on Adsorptive Ca-
pacity. Chemical Engineering Research and Design, 81, 585-590.
https://doi.org/10.1205/026387603765444537

(2020) Les communautés confrontées aux engagements de déforestation zéro: Le cas
d’OLAM au Gabon, Muyissi Environnement et Mouvement Mondial pour les Foréts
Tropicales (WRM).

Amola, L.A., Kamgaing, T., Tchuifon, D.R.T., Atemkeng, C.D. and Anagho, S.G.
(2020) Activated Carbons Based on Shea Nut Shells ( Vitellaria paradoxa): Optimiza-
tion of Preparation by Chemical Means Using Response Surface Methodology and
Physicochemical Characterization. Journal of Materials Science and Chemical Engi-
neering, 8, 53-72. https://doi.org/10.4236/msce.2020.88006

DOI: 10.4236/0jic.2024.142002

30 Open Journal of Inorganic Chemistry


https://doi.org/10.4236/ojic.2024.142002
https://doi.org/10.1039/d1ma00354b
https://doi.org/10.51257/a-v3-p1050
https://doi.org/10.1016/s0008-6223(03)00092-7
https://doi.org/10.1021/la0348463
https://doi.org/10.2298/jsc0405363b
https://doi.org/10.5004/dwt.2009.828
https://doi.org/10.15376/biores.11.2.3178-3190
https://doi.org/10.9734/csji/2018/43411
https://doi.org/10.1205/026387603765444537
https://doi.org/10.4236/msce.2020.88006

C. Mve Mfoumou et al.

(24]

(25]

[26]

(27]

(28]
(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

Brunauer, S., Emmett, P.H. and Teller, E. (1938) Adsorption of Gases in Multimolec-
ular Layers. Journal of the American Chemical Society, 60, 309-319.
https://doi.org/10.1021/ja01269a023

Lippens, B. (1965) Studies on Pore Systems in Catalysts V. the T Method. Journal of
Catalysis, 4, 319-323. https://doi.org/10.1016/0021-9517(65)90307-6

Lynch, J., Raatz, F. and Dufresne, P. (1987) Characterization of the Textural Proper-
ties of Dealuminated HY Forms. Zeolites, 7, 333-340.
https://doi.org/10.1016/0144-2449(87)90036-4

Book, A.J.A.A. (1999) Standard Test Method for Determination of Iodine Number of
Activated Carbon. ASTM International West Conshohocken.

CEFIC (1986) Test Methods for Activated Carbon.

de Boer, J.H., Lippens, B.C., Linsen, B.G., Broekhoff, J.C.P., van den Heuvel, A. and
Osinga, T.J. (1966) Thet-Curve of Multimolecular N»-Adsorption. Journal of Colloid
and Interface Science, 21, 405-414. https://doi.org/10.1016/0095-8522(66)90006-7

Boehm, H.P. (1966) Chemical Identification of Surface Groups. Advances in Cataly-

sis, 16, 179-274. https://doi.org/10.1016/50360-0564(08)60354-5

Huang, P.H., Cheng, H.H. and Lin, S.H. (2015) Adsorption of Carbon Dioxide onto
Activated Carbon Prepared from Coconut Shells. Journal of Chemistry, 2015, Article
ID: 106590.

Njewa, J.B., Vunain, E. and Biswick, T. (2022) Synthesis and Characterization of Ac-
tivated Carbons Prepared from Agro-Wastes by Chemical Activation. Journal of
Chemistry, 2022, Article ID: 9975444. https://doi.org/10.1155/2022/9975444

Caturla, F., Molina-Sabio, M. and Rodriguez-Reinoso, F. (1991) Preparation of Acti-
vated Carbon by Chemical Activation with ZnCl.. Carbon, 29, 999-1007.
https://doi.org/10.1016/0008-6223(91)90179-m

Yorgun, S., Vural, N. and Demiral, H. (2009) Preparation of High-Surface Area Ac-
tivated Carbons from Paulownia Wood by ZnCl; Activation. Microporous and Mes-
oporous Materials, 122, 189-194. https://doi.org/10.1016/j.micromeso.2009.02.032
Kose, K.O., Piskin, B. and Aydinol, M.K. (2018) Chemical and Structural Optimiza-
tion of ZnCl Activated Carbons via High Temperature CO: Treatment for EDLC
Applications. International Journal of Hydrogen Energy, 43, 18607-18616.
https://doi.org/10.1016/j.ijhydene.2018.03.222

Molina-Sabio, M. and Rodriguez-Reinoso, F. (2004) Role of Chemical Activation in
the Development of Carbon Porosity. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 241, 15-25. https://doi.org/10.1016/j.colsurfa.2004.04.007

Sing, K.S.W. (1985) Physical and Biophysical Chemistry Division Commission on
Colloid and Surface Chemistry Including Catalysis. Pure and Applied Chemistry, 57,
603-619.

Mfoumou, C.M., Ngoye, F., Tonda-Mikiela, P., Berthy, M.L., Spenseur, B.M. and
Tchouya, G.R.F. (2023) Fixed-Bed Column Adsorption Modeling of MnO+ Ions
from Acidic Aqueous Solutions on Activated Carbons Prepared with the Biomass.
Open Journal of Inorganic Chemistry, 13, 25-42.
https://doi.org/10.4236/0jic.2023.132002

Benmahdji, F., Oulmi, K., Khettaf, S., Kolli, M., Merdrignac-Conanec, O. and Mandin,
P. (2021) Synthesis and Characterization of Microporous Granular Activated Carbon
from Silver Berry Seeds Using ZnCl. Activation. Fullerenes, Nanotubes and Carbon
Nanostructures, 29, 657-669. https://doi.org/10.1080/1536383x.2021.1878154

Mve, M.Z., Makani, T. and Eba, F. (2016) Removal of Mn (II) from Aqueous

DOI: 10.4236/0jic.2024.142002

31 Open Journal of Inorganic Chemistry


https://doi.org/10.4236/ojic.2024.142002
https://doi.org/10.1021/ja01269a023
https://doi.org/10.1016/0021-9517(65)90307-6
https://doi.org/10.1016/0144-2449(87)90036-4
https://doi.org/10.1016/0095-8522(66)90006-7
https://doi.org/10.1016/s0360-0564(08)60354-5
https://doi.org/10.1155/2022/9975444
https://doi.org/10.1016/0008-6223(91)90179-m
https://doi.org/10.1016/j.micromeso.2009.02.032
https://doi.org/10.1016/j.ijhydene.2018.03.222
https://doi.org/10.1016/j.colsurfa.2004.04.007
https://doi.org/10.4236/ojic.2023.132002
https://doi.org/10.1080/1536383x.2021.1878154

C. Mve Mfoumou et al.

[41]

Solutions by Activated Carbons Prepared from Coula Edulis Nut Shell. Journal of
Environmental Science and Technology, 9, 226-237.
https://doi.org/10.3923/jest.2016.226.237

Bohli, T., Ouederni, A., Fiol, N. and Villaescusa, I. (2014) Evaluation of an Activated
Carbon from Olive Stones Used as an Adsorbent for Heavy Metal Removal from
Aqueous Phases. Comptes Rendus. Chimie, 18, 88-99.

https://doi.org/10.1016/j.crci.2014.05.009

DOI: 10.4236/0jic.2024.142002

32 Open Journal of Inorganic Chemistry


https://doi.org/10.4236/ojic.2024.142002
https://doi.org/10.3923/jest.2016.226.237
https://doi.org/10.1016/j.crci.2014.05.009

	Preparation and Characterization of Activated Carbons from Palm Nut Shells: Effects of Calcination Temperature on Porosity and Chemical Properties
	Abstract
	Keywords
	1. Introduction
	2. Experimental
	2.1. Preparation of Activated Carbons
	2.2. Characterizations of Porosity and Chemical Properties
	2.2.1. Porosities of ACs
	2.2.2. Chemical Properties of ACs


	3. Results and Discussion
	3.1. Effect of Tcal on Porosity
	3.2. Effect of Tcal on Chemical Properties

	4. Conclusions
	Acknowledgements
	Conflicts of Interest
	References

