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ABSTRACT

The activated carbons preparation conditions from canarium scheweinfurthii shells were investigated. The two
most influenced factors: the H3PO4 concentration (30 to 60 %), and the activation temperature (300 to 700°C)
were studied at constant impregnation ratio of 1/1. The analysis of experimental data showed that, the optimum
preparation conditions were achieved for an activation temperature of 700°C and H3PO4 concentration of 30 %.
Prior to the preparation, the proximate analysis of the precursor gave, 32.70 %, 2.10 %, 63.34 % and 1.86 % for
the fixed carbon, moisture, volatile matter and ash contents respectively. The iodine number was found to be
436.8mg/g and the BET surface area of 397.5 m2/g. According to the batch adsorption study, the maximum
quantity of nitrate ions adsorbed was 7.40 mg/g at the following reaction conditions: 0.05 g of adsorbent, 10
mg/L of adsorbate concentration, pH of 2 and 40 minutes of contact time.

KEYWORDS: Canarium schweinfurthii shells, Chemical activation, Activated carbon, Pyrolysis, Adsorption
and Nitrates ions.

I. INTRODUCTION
Nitrate pollution of ground and surface waters in Cameroon is becoming an issue of major concern [1]. Nitrates
find their way into ground and surface waters through biological fixation, precipitation and anthropogenic
activities such as unsewered sanitation in densely populated areas, intensive agriculture and heavy use of
nitrogenous fertilizers [2]. Studies carried out in different parts of Cameroon revealed that nitrate ions
concentration of groundwater were greater than the World Health Organization acceptable limit (50 mg/L). For
example in the Mbanga-Njombe-Penja Banana Plain, the nitrate concentration ranged 0.05 to 146.6 mg/L[3], in
the Lake Chad Basin around 1.0 to 300 mg/L[4], in Yaoundé around 0.010 to 161.0 mg/L[5] and up to 94.3
mg/L in Douala [6]. The contaminated water with nitrate ions causes fatal poisoning and methemoglobinemia
also known as “blue baby” disease for children [7]. Nitrates ions in water react with amines in the diet forming
carcinogenic nitrosamines which causes gastric and esophageal cancers. Nitrate pollution is also known to cause
algal blooms and eutrophication. In line with research efforts to tackle and redress nitrate pollution, the
valorization of biomass wastes for activated carbon production is a viable and economic option [8, 9]. In this
work, we seek to optimize the preparation of activated carbons from canarium schweinfurthii shells
(burseraceae) nutshell for its utilization for nitrates ion removal from aqueous solution [10, 11]. The nutshells
are waste material that are abundantly available in the Western Region of Cameroon and seems to be a good
precursor for activated carbons production [7, 12, 13]. Some previous works have been done but not given
any information about the charcoal. J. R. Kana and collaborators have done the effect of biochar coal
from Canarium schweinfurthii kernel on the production performances of broiler chickens fed a diet containing
peanut cake as main plant protein source, but not give any characteristic about this biochar .A.S. Olawale and
O.A Ajayi have done the Thermal Activation of Canarium Schweinfhurthi Nutshell and have obtained the BET
surface areas of 41 1.99m? /g. U. Bassey and collaborators have done the Adsorption Isotherm, Kinetics and
Thermodynamics Study of Cr (VI) ions onto Modified Activated Carbon from endocarp of Canarium
schweinfurthii. And not give any characteristic of the activated carbon.. Additionally, as far as our knowledge
there are no much works dealing with preparation of activated by chemical activation of canarium
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schweinfurthii. Therefore, it is necessary embarked to optimize the preparation conditions of activated carbons
from these nutshells and to test their effectiveness in nitrates ions removal from aqueous solution.

Il. EXPERIMENTAL PROCEDURE

Activated carbon preparation

The canarium schweinfurthii shells were collected from the locality of Bayangam in the west region of
Cameroon. They were washed with tap water followed by washing with distilled water, sundried, crushed into
particles sizes less than 1.0mm using a mortar and kept in an oven for 24hrs.For the chemical activation
procedure, 15.0g of the sample was mixed with 15.0 mL of H3PO, for the concentration of 30, 40, 50 and 60 %
followed by carbonization in a Carbolite furnace at the temperature of 300, 400, 500, 600 and 700 °C. The
heating rate for the pyrolysis was 10°C/min at constant resident time of 1.0 hr. After the carbonization, the
activated carbons obtained were washed with distilled in order to remove the excess phosphoric acid still a
neutral pH. Finally, the samples were dried in an oven at 110 °C for 24 hrs, crushed and sieved over an 80 pm
mesh and stored in a dessiccator over silica for further experiments.

Activated carbon characterization

The BET specific surface area, total pore volume and average pore diameters of the activated carbons were
determined by Standard Multipoint Techniques of nitrogen adsorption, using a Tristar 3000 V6 08A (unit 1 port
2, serial: 1212) equipment. The Fourier Transform Infrared Spectroscopy (FT-IR) was performed using a
BRUKER Alpha-P Spectrometer with ethanol as the solvent. The X-ray powder diffraction (XRD) was carried
out using XPert MPD and Philips diffractometer and the SEM analysis was carried out using a FEI/PSEM2,
EDX microscope.

Batch Adsorption Studies

Batch adsorption experiments were carried out at room temperature. The nitrate ions solution of 1000 mg/L was
prepared by dissolving 7.233 g of KNOs in 1000 mL conical flask then completed with distilled water. A
solution of 20 mL of KNOssolution was mixed with different amounts of activated carbon (0.05 to 1.00 g) and
the mixture was stirred using a magnetic stirrer at various time intervals(30-90 mins). Each solution was filtered
after the reaction time and the nitrate ions concentration was determined in the filtrate using a Techmel UV-
visible spectrophotometer model, USA S 23A, at a wavelength of 410 nm. The quantity of nitrate ions adsorbed
at equilibrium (Qe, mg/g) and the percentage removal (%R, %) of nitrate ions from aqueous solution was

calculated using the equations (1) and (2) respectively:
Qe =" xV (1)
%R = 2= % 100 (2)

Co

111. ADSORPTION MODELING
The Langmuir and Freundlich isotherms are the two most well-known isotherms which have been used to model
adsorption processes of systems.

Langmuir isotherm
The Langmuir adsorption isotherm model assumes that adsorption occurs at specific homogenous sites within
the adsorbent. The linear form for the Langmuir adsorption model is given as the relation below:

Ce 1 Ce

%0 omk T Qm(g)
where,
Qe (mg of adsorbate per g of adsorbent) is the adsorption density at the equilibrium solute concentration, Ce is
the equilibrium concentration of adsorbate in solution (mg/L), Qm (mg of solute adsorbed per g of adsorbent) is
the maximum adsorption capacity corresponding to complete monolayer coverage, K is the Langmuir constant
related to energy of adsorption (L of adsorbate per mg of adsorbent).
A plot of Ce/Q. against C. should give a straight line and K and Qm can be evaluated from the slope and intercept
respectively.
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Freundlich isotherm
The Freundlich adsorption isotherm is an empirical equation used to describe the adsorption in heterogeneous
systems. The linear form of the equation of the Freundlich adsorption model is given below:

nQ, = InKy + %lnCe(4)

where,
Ks and 1/n are empirical constants depending on the nature of sorbent and sorbate and the temperature, it
indicates the strength of bond energy between sorbate and sorbent.

A plot of InQ. against InC, should give a straight line with 1/n as the slope and InK+the intercept.
IV. RESULTS AND DISCUSSION

lodine number and proximate analysis results
The moisture, ash and fixed carbon contents of the activated carbon were found to be 2.10 %, 5.90 % and 88.64
% respectively. The pHpzc = 2 was obtained by varying the pH of a mixture of NaCl with activated carbon [9,
14, 15]. The iodine number is defined as the milligrams of iodine adsorbed by 1.0 g of carbon when the iodine
concentration of the filtrate is 0,02 N based on the procedure established by the American Society for Testing
Materials (ASTM D2866-94) [10, 16]. It is a criterion used to determine the amount of active surface sites
present on the activated carbon and additionally, it also indicates the degree of porosity of activated carbon. 0.1
g of activated carbon was added to 30 mL of 0.02 N iodine solution. The mixture was magnetically stirred for 3
hrs, after which 10 mL of the filtrate was titrated using 0.005N of sodium thiosulphate pentahydrate
(Na2S203.5H,0) solution using starch as indicator.
2Na28203(aq)+I2Na25406(aq) +2Nal(aq) (5)

—_—

The results obtained are presented in Figure 1, as a function of the acid concentration used for activation (Figure
la) and the carbonization temperature (Figure 1b).The iodine number increases with the decrease of H3POs
concentration. Hence, an increase in the concentration of HsPO4 has a negative effect of the carbon porosity like
the obstruction of pores. This trend is similar to results reported by others authors [12, 17]. For the chemical
treatment, the iodine number increases with increase in temperature and reaches a maximum value at 700 °C.
Hence, the highest iodine number was recorded to be 584.2 mg/g at 700 °C with 30 % of H3POa. The effect of
carbonization time on the iodine number was evaluated at 700 °C. Figure 2 represents a curve of variation of
iodine number with respect to the carbonization time. It can be seen that, the maximum development of pores is
achieved after 1.0hr, thus, the greatest iodine number obtained.
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Figure 2: Determination of optimum carbonization time

BET analysis of the activated carbon
The shapes of adsorption isotherms give qualitative information about the extent of the surface area available for
adsorption [9,18, 19, 20, 21]. Figure 3a and Figure 3bshow the N adsorption-desorption isotherms and
distribution of pore diameter of the activated carbon. The shape of this isotherm indicates that it is a type IV
isotherm, with pores located in the mesopore range. This shape is also similar to type Il at low pressure [22, 23,
24]. The BET specific surface area is 397.46+12.94 m?/g.
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Figure 3: Np-adsorption-desorption isotherm (a) and pore diameter distribution (b)

FT-IR Analysis of the precursor and the activated carbon

The results of the FT-IR analysis of the biomass and the activated carbon are given in Figure 4.For the biomass,
the broad band at 3458.9 cm™depicts the stretching vibration of free OH and indicates the presence of adsorbed
water. The band at 2953.92 cmcan be attributed to the -CH, symmetric stretch, the band at 1657 cm™can be
attributed to the deformation bands of water molecules. The C=0 bands is very sharp and it can be noticed the
difference from the biomass spectra that shows a clear sharp band at 1779 cm™ that is clearly due to C=0. the
sharp band at 1065.52 cmtis affected to - CH, wagging. The band at stretch of 1265,83cmis -CH3 symmetric
bending. From the spectra of the activated carbon, it can be seen that the bands at 3458.9 cm™, 1065.52 and
1750 cm remained after carbonization procedure. However, the width of the band at 3500 cm™ is reduced and
this is probably due to the effect of phosphoric acid, indicating the removal of water molecules. A strong band at
1100 cm for acyl bands C-O and 1657 cmfor the deformation bands of water molecules are also observed.
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Figure 4: FTIR Analysis of the biomass and the activated carbon

XRD analysis of the activated carbon

Figure 5 shows the diffused haloes characterized by imperfect development of peaks that appear at 26 values
between 5.0250 to 69.9750 degrees. There are no significant distinguishable peaks. This spectrum confirms the
absence of any ordered crystalline structure and consequently indicates the amorphous nature of this activated
carbon. Some previous studies have confirmed this non-arrangement in the activated carbon molecular structure
which is an advantageous property for a good adsorbent [25, 26, 27, 28].
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Figure 5: The XRD diffractogram of the biomass

SEM Analysis of precursor and activated carbon

The SEM micrograph of biomass and activated carbon are given in Figure 6a and Figure 6b.it can be observed a
highly inhomogeneous surface structure of both the activated carbon and precursor. There is also a textural
change in the samples before and after carbonization, indication the presence of larges pores on the activated
carbon consecutive to the thermal treatment of the precursor.

Figure 6a: SEM of the biomass (a) and of the activated carbon (b)
Batch Adsorption results

Effect of contact time

The effect of contact time was studied at an initial nitrate ions concentration of 10 mg/L (Figure 7). The time
was varied from 5 to 60 minutes, with 0.05g of activated carbon. The analysis of Figure 7 reveals that, during
the first 5 minutes, there is a rapid increase in the rate of adsorption, which is due to the availability of
adsorption sites on the activated carbon. Followed by the decrease in adsorption trend after 5 minutes probably
consequence of the insufficient of the energy of adsorption which conduct to the desorption after 5minutes and
when the energy is sufficient for the adsorption, the equilibrium time is reached after 40 minutes.
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Figure 7: Effect of the contact time

Effect of pH

The effect of pH was studied by varying the pH from 2 to 12 by maintaining the adsorbate concentration of
10mg/L and contact time of 40 min (Figure 8). The pH of the solution was adjusted using 0.1M of HCL or 0.1
M of NaOH solutions. The low adsorption quantities observed at basic pH is due to the high adsorption
competition of OH" ions with respect to nitrate ions and negatively charged surface of the activated carbon.
Consequently, at this pH which in turn reduces the attraction of nitrate ions to the adsorbent. Hence, the
optimum pH at which maximum adsorption occurred is 2.
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Figure 8: Effect of pH

Effect of Adsorbent Dose

The effect of adsorbent dose was studied using different adsorbent masses (0.05 t01.00 g), at the adsorbate
concentration of 10 mg/L, contact time of 40 min and pH of 2 (Figure 9). It can be observed a decrease in the
quantity of nitrate ions adsorbed as the mass of active carbon is increasing. This trend can be attributed to
desorption, which arises as a result of electrostatic interactions between particles of nitrate ions and adsorbent,
then agglomeration of the adsorbent particles thereby decreasing the available surface for the adsorption. The
mass at which maximum adsorption (30.4 mg/g) occurs is therefore 0.05 g of adsorbent.
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Effect of initial nitrate ions concentration
The effect of initial nitrate ions concentration was studied at different adsorbate concentration (10 to 70 mg/L)
and at constant adsorbent dose of 0.05g, contact time of 40 min and pH of 2 (Figure 10). The initial
concentration of nitrate ions increase with the increase of quantity adsorbed.
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Figure 10: Effect of initial nitrate ions concentration

V. ADSORPTION ISOTHERM MODELS

The Langmuir and Freundlich isotherms plots are illustrated in Figure 1land their respective constant
parameters are listed in Table 1.The linear correlation coefficients (R?) of the Langmuir and Freundlich isotherm
models are 0.942 and 0.956 respectively. According to these R? values obtained, it appears that both models are
suitable to explain the equilibrium of nitrates ions adsorption on the activated carbon based canarium
schweinfurthii shells. Hence, surface heterogeneity of the activated carbon is in correlation with the surface
topography as described by SEM analysis. The 1/n value is less than 1, implying the strong interaction between
the activated carbon and nitrate ions [29-32].

Table 1: Langmuir and Freundlich Isotherm parameters

RZ Qm K| Ks 1/n
Langmuir 0.9423 | 7.407 | 0.00326 | / /
Freundlich | 0.9562 |/ / 0.000266 | 0.4882
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Figure 11: Langmuir (a) and Freundlich (b) adsorption isotherms

VI. CONCLUSION
The optimization of preparation conditions of activated carbon from canarium schweinfurthii shells has been
achieved. The activated carbon prepared in optimum conditions was characterized and applied to the removal of
nitrate ions in aqueous solution. The experimental results obtained revealed that, the adsorption of nitrates ions
onto activated carbon from canarium schweinfurthii shells is favorable, with pH being the most determining
factor in the uptake of nitrates ions removal. It was established that this activated carbon is efficient in the
removal of nitrates ions from aqueous solution.

VII. ACKNOWLEDGEMENT
Dr. Isaac Nongwe Beas of the University of Technology of Johannesburg-South Africa is acknowledged for his
assistance in BET analysis. The authors finally thank all the member of the Research Unit <’Adsorption and
Surface’” of the Applied Physical and Analytical Chemistry Laboratory of the University of Yaoundé I for the
material supplies.

VIII. REFERENCES

[1] A. Ako Ako, W. Kimpei Ichiyanagi, J. Shimada, T. Hosono, G. Elambo Nkeng, G. Eneke Takem
Eyong, W. Yetoh Fantong, R.Ntankouo Njila “Nitrate contamination of groundwater in two areas of
the Cameroon Volcanic Line (Banana Plain and Mount Cameroon area), Applied Water Science 4:99—
113, DOI 10.1007/s13201-013-0134-x, December 2011.

[2] A. Ako Ako, W. Kimpei Ichiyanagi, J. Shimada, T. Hosono, G. Elambo Nkeng, G. Eneke Takem
Eyong, W. Yetoh Fantong, R.Ntankouo Njila “Evaluation of groundwater quality and its suitability for
drinking, domestic, and agricultural uses in the Banana Plain (Mbanga, Njombe, Penja) of the
Cameroon Volcanic Line” Environ Geochem Health, . March 2011, DOI 10.1007/s10653-010-9371-1.

[3] B. N. Ngatcha and D., Djoret ‘“Nitrate pollution in groundwater in two selected areas from Cameroon
and Chad in the Lake Chad basin” Water Policy 12, 722-733, 2010 doi: 10.2166/wp.017.October 2010.

[4] [4]R. Kringel, A. Rechenburg, D. Kuitcha, A. Fouépé,S. Bellenberg,l. M. Kengne, M.A Fomo,“Mass balance of
nitrogen and potassium in urban groundwater in Central Africa, Yaoundé/Cameroon” Science of the
Total Environment, 547, 382—395, 12" January2016.

[5] G. Eneke Takem, N. S Ayonghe, Dornadula Chandrasekharam, P. Thambidurai “Pollution
characteristics of alluvial groundwater from springs and bore wells in semi-urban informal settlements
of Douala, Cameroon, Western Africa ”Environ Earth Sci 61:287-298, 2010. DOI 10.1007/s12665-
009-0342-8 July 2010

[6] [6]C.D. Rocca, V. Belgiorno, S. Meric “An heterotrophic autotrophic denitrification (HAD) approach
for nitrate removal from drinking water”. Process Biochem, 41: 1022-1028, May2006

[7] J. Schick, P. Caullet, , J. L. Paillaud, J. Patarin, C. Mangold-Callarec, Batch-wise nitrate removal from
water on a surfactant-modified zeolite. Mcroporous Mesoporous Mater, 132: 395-400.August 2010.

[8] U. Bassey, M. A. T. Suleiman, S. S. Ochigho, M. M. Ndamitso, E.D. Daniel, S. E. Otolo and A.
Chukwudi, ‘Adsorption Isotherm, Kinetic and Thermodynamics Study of Cr(VI) ions onto Modified

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[813]


http://www.ijesrt.com/

} THOMSON REUTERS
ISSN: 2277-9655
[Nsami * et al., 6(7): July, 2017] Impact Factor: 4.116
IC™ Value: 3.00 CODEN: IJESS7

Activated Carbon from endocarp of Canarium Schweinfurthii,” International Research Journal of
Pure and Applied Chemistry, no. 1,vol.6, pp. 46-55, 27" December 2014.

[9] A. S. Olawale, O. A. Ajayi “Thermal Activation of Canarium Schweinfurthii Nutshell”', Australian
Journal of Basic and Applied Sciences, no.4vol. 3, pp. 3801-3807, January 2009.

[10]J. Ketcha Mbadcam, S. Anagho Gabche, J. Ndi Nsami, and A.M.Kammegne, “Kinetic and equilibrium
studies of the adsorption of Lead(ll) ions from aqueous solution onto two Cameroon Clays: kaolinite
and smectite,” Journal of Environmental Chemistry and Ecotoxicology, no. 11, vol. 3, pp. 290-297,
October 2011.

[11]C. E. Gimba, O. Ocholi, P. A. Egwaikhide, T. Muyiwa, and E. E. Akporhonor, “New raw material for
activated carbon. Methylene blue adsorption on activated carbon prepared from Khayasenegalensis
fruits,” Cienciae Investigacion Agraria, no. 1, vol.36, pp. 107-114, 12 August 2008.

[12]A. E. L. Mona Mahmoud, M. I. Amal. S. S. Marwa and R. A. H. Rania «Alumina/lron oxide Nano
Composite for Cadmium ions removal from aqueous Solutions” International Journal of Nonferrous
Metallurgy, Vol. 2. pp 1- 5, 15 Fevrier 2013.

[13]J. N. Ndi, J. Ketcha Mbadcam, S. Anago Gabche, J. Ghogomu Numbonui, P. D. Belibi Belibi,
”Physical and chemical characteristics of activated carbon prepared by pyrolis of chemically treated
Cola nut shells wastes and its ability to adsorb organics,” International Journal of Advanced Chemical
Technology, no. 1, vol. 3, pp. 2319-7544, October 2012.

[14]D. Kouotou, Manga, H. Ngomo, Bagaoui, A. Yaacoubi, Abdelrani, J. Ketcha Mbadcam, “Optimization
of Activated Carbons Prepared by and Steam Activation of Oil Palm Shells”. Journal of Chemistry vol.
2013, pp. 5-9, 27" August 2012.

[15]J. Akshay, Rajasekhar Balasubramanian, P. Madapusi. Srinivasan, “Tuning hydrochar properties for
enhanced mesopore development in activated carbon by hydrothermal carbonization,” Elsevier Journal
of Microporous and Mesoporous Materials, vol. 203, pp. 178-185, February 2015.

[16] A. Ahmadpour, D.D Do, “The preparation of active carbons from coal by chemical and physical
activation carbon”. 34; 471-479, 10 October 1995.

[17]]. V.Ibarra, R. Moliner, J.M. Palacios “Catalytic effects of zinc cloride in the pyrolysis of Spanish high
sulphur coals. Fuel”, 70: 727-732. 18Jun 1990

[18] V. Bello-Huitte, P. Atenco Fernandez, R. Reyes Mazzoco “Adsorption studies of methylene blue and
phenol onto pecan of castile nutshells prepared by chemical activation,” Revista Mexicana De
Ingenieria Guimica, no. 3, vol. 9, pp. 313-322, 22 October 2010

[19]H. Teng,T. S. Yeh “Preparation of activated carbon from bituminous coals with zinc chloride
activation”, Industrial and Engineering Chemistry Research, 37: 58-65, 5™ January 1998.

[20]F., Rodriguez-Reinoso, A. Linares-Solano, “Chemistry and physics of carbon”; chapter 1, Thrower, P.
A. (Ed); Marcel Dekker: New York vol. 21, 23 July 2007.

[21] A.S. Olawale and O.A Ajayi “Thermal Activation of Canarium Schweinfhurthi Nutshell” Australian
Journal of Basic and Applied Sciences, vol. 3 no.4, pp. 3801-3807, 2009,.

[22]H. Hassan and B. H. Hameed, “Fenton-like oxidation of acid red 1 solutions using heterogeneous
catalyst based on ball clay,” International Journal of Environmental Science, no. 3, vol. 2, pp.1-5, Jun
2011.

[23]M. M Dubinin, L. V. Radushkevich, “Equation of the characteristic curve of activated charcoal”. Proc.
Acad. Sci USSR Phys. Chem. Sect., 55 331-333, 1947.

[24]M. C. Nko’o Abuiboto, J. Avom. R. Mpon, J. Ketcha Mbadcam and P. D. Belibi Belibi”, Valorization
of a Cameroonian Species: Moabi (Baillonella Toxisperma Pierre) into Activated Carbons”,
International Journal Current Research Review, Vol. 5. No. 8. pp. 1-10, 29" October 2015.

[25]U.Bassey M. A. T. Suleiman S. S. Ochigho, M. M. Ndamitso E. D. Daniel S. E. Otolo and A.
Chukwudi. “Adsorption Isotherm Kinetics and Thermodynamics Study of Cr (VI) ions onto Modified
Activated Carbon from endocarp of Canarium schweinfurthii” International Research Journal of Pure
&Applied Chemistry, vol. 6, no. 1, Decembre 2014.

[26]J. R.Kana A. Teguia., J. Tchoumboue” Effect of charcoal from Canarium schweinfurthii kernel and
from maize cob on the production performances of broiler chickens fed a diet containing peanut cake
as main plant protein source ”International Network for family poultry development. vol. 19, No. 1, pp.
1-52. Jun 2010.

[27]E. S. Abechi, C. E. Gimba, A. Uzairu, and J. A. Kagbu, “Kinetics of adsorption of methylene blue onto
activated carbon prepared from palm kernel shells,” Archives of Applied Science Research, no. 1, vol.
3, pp. 154-164, 01 Jun 2012.

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
(814]


http://www.ijesrt.com/

i THOMSON REUTERS

ISSN: 2277-9655

[Nsami * et al., 6(7): July, 2017] Impact Factor: 4.116
IC™ Value: 3.00 CODEN: IJESS7

[28]H.-Y. Xu, M. Prasad, and Y. Liu, “Schorl:a novel catalyst in mineral-catalyzed Fenton-like system for
dyeing waste water discoloration,” Journal of Hazardous Materials, no. 1-3, vol. 165, pp. 1186-1192,
15 Jun 2009.

[29] G. R. Mahdavinia and R. Zhalebaghy, “Removal kinetic of cationic dye using poly (sodium acrylate)-
carrageenan/Namontmorillonitenanocompositesuperabsorbents,”  Journal ~ of  Materials and
Environmental Science, vol. 3, no. 5, pp. 895-906, 02 Jjuly2012.

[30]1. A. Udoji, W. Abdulrahman, L. G. Hassan et al., “GC/MS batch equilibrium study and adsorption
isotherms of Tatrazine sorption by activated H3PO,— treated biomass” Journal of American Science,
vol. 6, pp. 19-29, January 2010.

[31]J. Yisa. H. Hassan and O. Tijani, “Application of adsorbent from Dum Palm for Removal of
Manganese (II). Zinc (IT) and Copper (II) ions from aqueous Solution”, Journal of American Science.
Vol. 7, No. 10, pp 226-230, 08" August2015.

[32]J. Ketcha Mbadcam, S. Anagho Gabche, A.M. Kammegne, J. Ndi Nsami,* Equilibrium, Kinetic and
thermodynamic studies of phosphoric acid adsorption onto activated carbon”, Der Chemica Sinica,
4(3), pp.58-68, 2013..

CITE AN ARTICLE
Maguie, Kammegne Adelaide , Ndi Julius Nsami, Mr, Kouotou Daouda, Che Randy
Nangah, Belibi Belibi Placide Desiré, Ankoro Naphtali Odogu, Zing Zing Bertrand, and
Ketcha Joseph  Mbadcam. "ACTIVATED CARBON BASED CANARIUM
SCHEWEINFURTHII SHELLS FOR THE REMOVALOF NITRATE IONS FROM AQUEOUS
SOLUTION." INTERNATIONAL JOURNAL OF ENGINEERING SCIENCES & RESEARCH
TECHNOLOGY 6.7 (2017): 805-15. Web. 25 July 2017.

http: // www.ijesrt.com© International Journal of Engineering Sciences & Research Technology
[815]


http://www.ijesrt.com/

