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Abstract 

Access to safe drinking water constitutes a challenge for some rural areas in Burkina Faso where groundwater, unique source 

of domestic water supply, is contaminated by arsenic. Natural laterite (NL) and thermal treated laterite (TL) at 400°C were 

prepared and used as adsorbent for arsenic removal from enriched groundwater. The prepared adsorbents were characterized 

by spectroscopic techniques such as X-rays diffraction, energy dispersive spectroscopy, Fourier transform-Infrared, Brunauer-

Emmett-Teller analysis, scanning electron microscopy and physical methods. Those prepared adsorbents contain aluminum 

oxide, quartz, hematite and goethite as mineral phases. The thermal treatment induces higher surface area of TL vs NL. 

Studied groundwater sample contained arsenic concentration of 122 µg/L, as well as anionic compounds such as bicarbonates, 

sulfates, phosphates and chlorides which can compete with arsenic removal. The treatment of arsenic water using column 

experiments was influenced by the flow rate of water and it became less efficient when the flow rate increased. Better 

treatment of arsenic (305 µg As /g for NL and 402 µg/g for TL under operational conditions) was achieved at flow rate of 8 

mL/min for TL and 4.5 mL/min using NL. 
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1. Introduction 

Drinking water supply is one of the most important 

challenges of African countries, mainly in Sub-Sahara 

Africa. Arsenic contamination in groundwater for drinking 

purposes has become a worldwide problem and a serious 

environmental challenge in the world [1-3]. Several 

technologies have been developed for the treatment of water 

including adsorption and filtering methods [4-6]. Among 

them, adsorption is one of the most popular processes in 

arsenic removal from water because of its cost-effective, 

high affinity for dissolved arsenic and it doesn’t produce 

sludge [7]. Most of the studies on arsenic removal have been 

conducted in batch operation [8]. Its implementation in 

continuous column experiments can be used in small scale 

household units. Some works on column studies have been 

reported in literature [9-13]. So far, various adsorbents either 

from natural and synthetic origin have been investigated for 

arsenic removal. Development and implementation of cheap 

natural adsorbents such as activated carbons, clay, ferric 

hydroxide, laterite, and active silica were successfully used 

to remove arsenic from water [9, 10, 14]. In general, 

commercial adsorbents including carbons, granular ferric 

hydroxide, and others are described as limited in their use 

due to high operational cost [15]. For this reason, other 

economic and eco-friendly materials for water purification 

were looked for. A preliminary study using laterite indicated 

that its adsorption capacity was low compared to granular 

ferric hydroxide and activated carbons [16]. The use of 

laterite soils for depollution purpose requires the 

determination of its surface morphology, microstructure, 

chemical composition, chemical surface functions and 

surface area which were not determined. The present work 

aims to make a comparative study of properties of natural 

laterite and thermally treated laterite in order to their use as 

fixed bed in column experiments for arsenic removal. In this 

study, we investigated the properties and characteristics of 

natural laterite (NL) and treated laterite (TL) using 

spectroscopic methods. 

 

2. Material and methods 

2.1. Collection and preparation of natural laterite (NL) 

and treated laterite (TL) 

Laterite used in this work was collected in Balkuy district 

(12°17’23’’N, 1°27’47’’W), one of the peripheral districts 

of Ouagadougou (Burkina Faso). Raw laterite was sampled 

and sent to the SGS mineral laboratory for crushing and 

washing using the protocol described as follow. The natural 

laterite (NL) was crushed with hammer, washed thoroughly 

with distilled water and then dried in an oven (Interlabs 

DP1-I Instruments) at 105 ° C for 24 h. Then, it was crushed 

and sieved (AFNOR sieve) to retain particles of sizes 

comprised between 1.5 and 2.5 mm. 

The treated laterite (TL) has been prepared according to a 

method previously described [4, 17]. Raw laterite was 

thermally calcined at 400°C for 4 hours in an oven (Prolabo 

VOLCA, MC25) with a rise speed of 10°C /min. The 

calcined laterite was crushed again and sieved using two 

screens with 1.5- and 2.5-mm pore sizes. TL grains were 

washed with distilled water and then dried at 120°C for 6 

hours in an oven.  



International Journal of Multidisciplinary Research and Development   www.allsubjectjournal.com 

13 

2.2. Characterization techniques of NL and TL 

2.2.1. Spectroscopic methods  

Energy Dispersive Spectroscopy (EDS) was used to 

determine the chemical composition of NL and TL. The 

surface morphologies of laterite soils were analyzed with 

Scanning Electron Microscopy (SEM) using a "JED-2300, 

7410F" microscope coupled to an EDS detector. Fourier 

Transform-Infrared spectrum of laterite soil was recorded to 

detect the surface functional groups using an infrared 

spectrophotometer (TENSOR 27 - BRUKER - GERMANY) 

operating in the range of 4000 - 400 cm-1 and using 

potassium bromate pellet (KBr). X-rays diffraction of NL 

and TL was carried out using a diffractometer (Philips, PW-

1130) with the monochromatic radiation Kα1 of Copper 

(1.5406 Å). The constant S/R indicating the classification of 

laterite soils have been calculated using following equations 
[18]: 

  (1)  

 

2.2.2. Determination of the surface area 

The Brunauer-Emmet-Teller (BET) method was used to 

determine the specific surface of natural laterite and treated 

laterite. This measurement is carried out at 77 K using an 

analyzer "Micrometics, ASAP 2024" device with a liquid 

nitrogen as adsorption gas.  

 

2.2.3. Determination of bulk density 

It is a physical parameter used to estimate the mineralogical 

composition of raw materials. The density is calculated 

according to the following equation: 

 

 (2)  

 

With m0 is the mass of the empty conical flask, m1: mass of 

the flask filled with laterite. V: volume of the empty flask. 

 

2.2.4. Determination of pH at zero-point charge 

The pH at zero-point charge noted pHZPC is the pH for 

which the overall electrical charge of the adsorbent is 

neutral and corresponds to the isoelectric pH of the material. 

It is determined according to the method described by Noh 

et al. [19].  

 

2.3. Contaminated water sampling site 

The sampling was done at Mogtédo village (12°17’4’’N, 

0°49’45’’W) located 82 km from Ouagadougou. This 

borehole water is the source of drinking water supply for the 

Mogtedo municipality. Excepted chlorine disinfestation, no 

additional depollution treatment is carried out before the 

distribution of water. Mogtedo is an area with mining, gold 

in particular and many cases of arsenic contamination and 

high concentrations in boreholes have been reported in 

previous works [20, 21]. 

 

2.4. Sampling and characterization of water samples 

Groundwater samples were collected on November 2018. 

Water box (drums) with a volume of 20 liters previously 

cleaned with 10% HNO3 solution and rinsed with distilled 

water was used. Five (05) physico-chemical parameters (pH, 

temperature, turbidity, electrical conductivity (EC) and 

arsenic concentration) were measured in situ. Temperature 

and pH were measured with a pH-meter (Electrode martini, 

Mi 606). Electric conductivity and turbidity were analyzed 

with Conductimeter (Thermo Scientific, orient 3STAR) and 

Turbidimeter Wagtech, respectively. Arsenic concentration 

was measured in-situ with an Arsenator Palintest. 

In the Laboratory, the phsico-chemical composition of 

groundwater sample was determined. Total Hardness (TH), 

Total Alkalinity (TAC), Total Suspended Solids (TSS) were 

determined according to APHA standard methods [24]. 

Anionic species such as phosphate, bicarbonate, sulfate, 

chloride, nitrate and fluoride were determined using 

colorimetric methods with an Ultraviolet-Visible 

Spectrophotometer (Hach Lange, DR 3900). Arsenic 

concentration was determined using Inductively Coupled 

Plasma - Atomic Emission Spectroscopy (ICP-AES).  

 

2.5. Arsenic removal tests: column experiments 

Experiments were carried out with a pilot using the PVC 

column (height 150 cm and diameter 9 cm). The setting up 

of the column includes glass wools and glass beads with 

adsorbent (NL and TL).The operating principle consists in 

passing the contaminated water from the bottom to the top 

(up flow) in the column filled with known laterite mass in 

order to follow the arsenic concentration and the turbidity of 

the effluent at the column outlet vs time. 

The percentage of arsenic removal (As Removal) is 

calculated by the following relation: 

 

  (3) 

 

C0 and Ct represent arsenic concentration (µg/L) in influent 

and effluent water, respectively. 

 

3. Results and discussion 

3.1. Microstructure of NL and TL 

SEM images at 5000 magnifications are presented in Figure 

1. While the figure 2 shows the SEM micrographs of at 

10000 magnifications. Analysis of figure 1a shows the 

presence of the clusters distributed over each in the form of 

platelets as well as the existence of pores within the laterite. 

In Fig. 1b, a more compact and rougher surface is noted, 

with large pores, indicating possible greater specific surface. 

The platelets (figure 1) of goethite or hematite and other 

minerals have a rather irregular, disordered morphology, 

without any particular shape, do not allow them to be 

distinguished. The Fig. 2a shows most likely regular 

macropores of NL while stacks of likely hexagonal platelets 

and the fine pores are observed in Fig. 2b. The stacks and 

fine pores (Fig. 2) contribute to increase of the specific 

surface of TL vs NL. The surface appears shiny in places 

which could reflect iron oxides on the surface or an 

inhomogeneous distribution of the iron atoms in the sample. 

Figure 1: SEM images of NL and TL magnified 5000 times 

Figure 2: SEM images of NL and TL at 10000 

magnifications  

 

3.2. Chemical and elemental composition of NL and TL 

EDS spectra of NL and TL are presented in Figure 3 

indicating the basic surface analysis of the adsorbents. The 

EDS spectrum of NL (Fig. 3a) showed the presence of 

chemical elements such as silicon, aluminum, iron, oxygen 

and carbon at different percentages. In addition of those 

elements identified in Fig. 3a, there is magnesium in Fig. 3b 
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for TL. The amount of the chemical elements are given in 

Table 1.  

a. Natural Laterite 

b. Treated Laterite  

 

Figure 3: EDS spectra of NL and TL acquired under 20 keV 

Chemical composition of soils including the elemental and 

qualitative compositions which indicate the chemical 

elements and their possible oxides in NL and TL is given in 

Table 1. Results revealed important percentage of oxides of 

silicon, aluminum and iron. An increase of the content of 

silicon, aluminum, oxygen and carbon in TL vs NL is 

observed, as a possible consequence of the thermal 

treatment which increases or improves the properties of 

laterite. In addition, there is a mixture of oxide which could 

contain magnesium, calcium, and copper which are not 

detected on EDS spectra in previous works [4, 14]. Excepted 

Fe2O3, the amount of detected oxides increased after the 

thermal treatment (TL). The lower content of iron oxide in 

laterite soils compared to those of aluminum and silicon 

could justify its low adsorption capacity of arsenic 

previously revealed [4, 23]. These chemical elements 

identified are those commonly encountered in previous 

study [4]. The constant S/R =1.23 for NL is less than 1.33 

indicating that NL would be a true laterite and its increase in 

TL could be explained by the thermal treatment which 

increased the content of quartz from 37.02 to 44.69% [17, 18].  

Table 1: Elemental chemical composition of NL and TL 

(m/m)  

 

3.3. Surface functional groups of laterites 

Figure 4 represents the infrared spectrum of NL, which is 

analyzed with literature data [4, 14, 24]. This spectrum 

identifies the probable chemical functions on the surface of 

NL. The bands at 3693 and 3620 cm-1 are attributable to the 

vibrations of the external and internal hydroxyls Al-OH, 

respectively [24]. The band around 3161 cm-1 corresponds to 

the vibration of the -OH bond of iron oxy-hydroxides [4, 14]. 

The band at 1633 cm-1 is assigned to hydroxyls of water 

molecules between the layers. The band around 1033 cm-1 is 

attributable to the vibration of the Mg-O bond and the band 

around 913 cm-1 corresponds to the vibration of the Al-OH 

bond [14, 24]. The band at 795 cm-1 is attributable to the 

vibration-bending of the Fe-OH bond [24]. The double band 

at 539 and 463 cm-1 indicates the presence of the Si-O-Si or 

Si-O-Al group [4, 14]. 

Figure 4: Infrared spectrum of NL recorded between 400 

and 4000 cm-1 

 

3.4. Qualitative composition of NL and TL 

X-ray diffractogram (Figure 5) shows the qualitative 

composition of laterites composed of quartz, alumina, 

hematite, goethtite, tenorite, periclase and lime.  

Figure 5: X-rays diffractogram of TL 

Data in Table 2 revealed that the laterite soils were 

essentially composed of quartz, alumina, hematite, and 

goethite with a predominance of quartz and alumina. An 

increase of the amount of quartz and alumina in mineral 

phases due to the effect of thermal treatment was noted 

while the amount of other mineral phases decreased. The 

mixed oxides in Table 1 could contain tenorite, lime and 

periclase at low amount. All these crystalline phases are 

currently present in natural laterite soils [25]. The presence of 

mineral adsorbents (Fe and Al oxides) could contribute to 

increase the adsorption capacity of TL comparatively to NL 
[16]. These mineral phases observed in TL are in agreement 

with those found mainly by Krishna et al. [26]. 

Tableau 2: Qualitative composition of NL and TL  

 

3.5. Physico-chemical characteristics of NL and TL 

BET multipoint graph allowed to determine the specific 

surface of laterite (Fig. 6). Surface areas of NL and TL were 

42.39 m2/g and 52.47 m2/g, respectively. The surface area of 

TL is higher than the one of NL. The significant increase in 

the specific surface area of calcined laterite could be 

explained by the transformation of iron oxides under the 

action of activation. This would promote the formation of 

new pores on the surface as shown by SEM images and thus 

contribute to the increase of the specific surface. As 

adsorption occurring on surface, increasing the specific 

surface could contribute to increasing the adsorption 

capacity of the material. 

Figure 6: BET multipoint Graph of NL and TL 

At zero point of zero, natural laterite has a pH of 7.91 

compared to pHZPC of TL that is 5.74. The pHZPC of NL is 

included in the range of pHZPC (6.96 - 8.64) found in the 

literature for natural laterites [4, 17]. The decrease of pH 

during the thermal treatment (TL) could be explained by 

deshydroxilation and decarbonization under the effect of 

temperature. In addition, the decease of pH after thermal 

treatment could be due to quartz having an acid property. 

Natural Laterite has a bulk density of 2.53 g/mL and this 

value is closed to the value reported earlier [4]. The density 

of TL is 2.45 g/mL, this value lower than that of NL 

measured under the same conditions. This result is in 

agreement with previous study which indicates that thermal 

treatments cause the induration of laterite by increasing its 

density [27]. 

In order to evaluate the possible efficiency of two prepared 

and characterized laterite soils for arsenic water treatment, 

natural groundwater collected in Mogtedo village was used. 

 

3.6. Physico-chemical characteristics of water 

Physico-chemical characteristics are presented in Table 3. It 

was observed that water contains an average of 122 µg / L 

of arsenic, which is 12 times the WHO value (10 µg/L). It 

contains a significant quantity of anions such as Cl-, PO4
3-, 

NO3
- and HCO3

- which can affect the adsorption of arsenic 

on laterite [4, 28-30]. 

Table 3: Physico-chemical parameters of groundwater 

 

3.7. Arsenic water treatment  

Five values of flow rate varying between 2 L/min, and 35.5 

L/min were used with water containing an arsenic 

concentration of 122 µg/L in order to study the process 

performance after a treated water volume of 100 L for each 

flow rate. Results show a decrease of arsenic removal 

percentage when the flow rate increased (figure 7). Using 

NL, it was noted an arsenic removal percentage of 100% 

when the flow rate varied between 2 and 4.5 L/min. When 

the flow rate increased beyond 4.5 mL/min, arsenic removal 

decreased significantly until 65.5%. The decrease of arsenic 

removal when the flow rate increases can be explained by 

the shortcoming of contact time between arsenic ions and 

activated sites on the NL surface [4]. Better arsenic removal 

at low flow rate is in agreement with previous works 

indicating the moving and fixation of arsenic species on the 

surface of laterite [14, 31]. 

http://www.allsubjectjournal.com/
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Unlike to NL, the influence of the flow rate on arsenic 

removal using TL was evaluated between 6.5 and 37.5 

mL/min (Figure 7). Obtained results show the decrease of 

arsenic removal from 100% to 81.15% when the flow rate 

increased from 6.5 to 37.5 mL/min. Between the flow rates 

of 6.5 and 8.5 mL/min, better arsenic removal yield of 100% 

was achieved after 45 min of treatment. When the flow rate 

was increased up to 34.5 mL/min in order to produce a lot of 

drinking water, it was noted a decrease of arsenic removal 

from 100% to 79%. The decrease in removal yield using TL 

could be due to the decrease of contact time for the fixation 

of arsenic ions onto the pores of TL. This result may be due 

to the decrease of empty bed contact time in the column for 

the electrostatic fixation of arsenate and arsenite on the 

activated sites of TL. 

Using the same flow rate, TL presents a high removal 

capacity compared to the one of NL. Indeed, using a flow 

rate of 8.5 mL/min, NL removed 90.5 % of arsenic while 

TL removed 100% of arsenic indicating the high 

performance of TL. High efficiency of TL vs NL in the 

same experimental conditions could be explained by the 

improvement of TL properties using the thermal treatment. 

Figure 7: Effect of flow rate on arsenic removal using NL 

and TL with m = 40 g, pH = 7.04, C0 = 122µg/L, and T = 25 

± 2°C. 

 
Table 1: Elemental chemical composition of NL and TL (m/m) 

 

Elemental composition (%) Si Al O Fe C Mixture (Mg, Ca, Cu) 

NL 18.27 17.39 41.39 20.38 1.06 1.51 

TL 21.28 20.89 45.94 8.71 1.9 1.28 

Oxides (%) SiO2 Al2O3 Fe2O3 

 

Mixed oxides 

(CuO, MgO, CaO) 

NL 37.02 34.52 26.22 1.23 2.24 

TL 44.69 40.20 11.21 1.6 3.1 

 
Table 2: Qualitative composition of NL and TL 

 

Mineral phases % (m/m) Quartz Alumina Hematite Goethite Tenorite Periclase Lime 

NL 47.43 30.5 10.87 4.35 1.31 3.10 2.47 

TL 52.1 33.4 7.85 3.3 0.32 1.45 1.33 

 
Table 3: Physical-chemical parameters of groundwater 

 

Parameter T (°C) pH EC (µS/cm) Turbidity (NTU) TSS (mg/L) TH (°F) TA (mg/L) DS (mg/L) TS (mg/L) 

Value 33.30 6.96 495 0 21 7.97 11.32 305 326 

WHO limit 25 6.5-8 300 ≤ 5 26 7-15 * * * 

Parameter Total As (µg/L) HCO3
-(mg/L) NO3

-(mg/L) F-(mg/L) Cl-(mg/L) PO4
3-(mg/L) SO4

2-(mg/L) Ca2+ (mg/L) Mg2+ (mg/L) 

Value 122 6.5 6.3 < LD 109 1.26 < LD 14.03 11.57 

WHO’s value 10 * 50 1.5 50 * * 200 50 

(*): value not found (not available) LD: limit of detection 

 

 
 

Fig 1: SEM images of NL and TL magnified 5000 times 

 

 
 

Fig 2: SEM images of NL and TL at 10000 magnifications 

 

 
 

Fig 3a: EDS spectra of NL acquired under 20 keV 
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Fig 3b: EDS spectra of TL acquired under 20 keV 

 

 
 

Fig 4: Infrared spectrum of NL recorded between 400 and 4000 

cm-1 

 

 
 

Fig 5: X-rays diffractogram of TL 

 

 
 

Fig 6: BET multipoint Graph of NL and TL 

 

 
 

Fig 7: Effect of flow rate on arsenic removal using NL and TL 

with m = 40 g, pH = 7.04, C0 = 122µg/L, and T = 25 ± 2°C. 

 

4. Conclusions 

The surface area of natural laterite and treated laterite were 

42.39 and 52.47 m2/g, respectively. Bulk density of NL was 

2.53 g/mL comparatively to 2.45 g/mL for TL. At zero-

point charge, pH of NL was 7.91 while TL had a pH of 5.74. 

Analysis using EDS showed the presence of silicon, 

aluminum, carbon, oxygen, and iron incorporated in the 

structure of NL and TL with high oxygen content. XRD 

spectra revealed the presence of iron oxides, aluminum 

oxide, lime, tenorite and others. Those compounds are in 

agreement with IR spectra which indicated some metallic 

oxides/hydroxides as functional groups on the surface of 

NL. The process of arsenic removal was influenced by the 

flow rate of water and the treatment of arsenic water 

becomes less efficient when the flow rate increased. Total 

treatment of arsenic (100% of removal) was noted at flow 

rate less than 8 mL/min indicating an adsorption capacity of 

305 µg/g. At this regard, laterite soils (NL or TL) should be 

a hopeful adsorbent for the treatment of arsenic water using 

continuous experiments. That will contribute to decrease the 

water diseases such as melanosis, hyperkeratosis and skin 

changes due to arsenic contamination 
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