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Abstract Preparation and characterization of raw and

activated carbon derived from three different selected

agricultural wastes: kola nut pod raw and activated (KNPR

and KNPA), bean husk raw and activated (BHR and BHA)

and coconut husk raw and activated (CHR and CHA) were

investigated, respectively. Influences of carbonization and

acid activation on the activated carbon were investigated

using SEM, FTIR, EDX, pHpzc and Boehm titration tech-

niques, respectively. Carbonization was done at 350 �C for

2 h followed by activation with 0.3 M H3PO4 (ortho-

phosphoric acid). Results obtained from SEM, FTIR, and

EDX revealed that, carbonization followed by acid acti-

vation had a significant influence on morphology and ele-

mental composition of the samples. SEM showed well-

developed pores on the surface of the precursors after acid

treatment, FTIR spectra revealed reduction, broadening,

disappearance or appearance of new peaks after acid acti-

vation. EDX results showed highest percentage of carbon

by atom respectively in the order BHA[KNPA[ CHA

respectively. The pHpzc was found to be 5.32, 4.57 and 3.69

for KNPA, BHA and CHA, respectively. Boehm titration

result compliments that of pHpzc, indicating that the sur-

faces of the prepared adsorbents are predominantly acidic.

This study promotes a sustainable innovative use of agro-

wastes in the production of cheap and readily available

activated carbons, thereby ensuring more affordable water

and effluent treatment adsorbents.

Keywords Activation � Adsorbent � Bean husk � Coconut
husk � Kola nut pod

Introduction

Water is absolutely essential for sustenance of life,

although millions of people worldwide are suffering from

shortage of fresh and clean water. This is due to the rapid

pace of industrialization, population expansion, and

unplanned urbanization which have contributed largely to

environmental pollution. Industries where textile, paper,

rubber, plastics, paints and leather are manufactured dis-

charge colored effluents into the environment, metals come

from different sources like mining, metal cleaning, plating

baths, pulp, paper and paper board mills, refineries and

fertilizer industries (Tan et al. 2008; Jordi et al. 2009). The

effluents discharged from these industries into water bodies

have raised much concern because of potential health

hazards associated with the entry of these toxic compo-

nents into the food chain (Helen and Lima 2010). The

presence of dyes, pigment and heavy metals in effluents

from industries are some of the factors that lowers water

quality, these pollutants are potential cause of adverse

effects on health, increased environmental toxicity and

poor aesthetic quality of water depending on the concen-

tration of these pollutants in the environment (Jesus et al.

2011; Jafar and Shajudha 2012; Yadav et al. 2013).

The removal of these pollutants from sewage and

industrial waste water has become a major issue worldwide

due to their possible toxic effects. The conventional

methods that are employed for the removal of heavy met-

als, dyes and pigments are found to be inefficient and

expensive, especially when treating wastewater with low

concentration of heavy metals. Some of these methods
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generate chemical or biological sludge which cannot be

recovered or regenerated (Seetha et al. 2012; Dauda et al.

2010; Rao et al. 2009; Aydin et al. 2008; El-Ashtoukhy

et al. 2008; Sud et al. 2008; Dabrowski et al. 2004; Zhen

et al. 2002; Volesky and Leusch 1995).

According to Ahmad and Hameed (2010); El-Ashtoukhy

et al. 2008; Gong et al. (2008), various methods have been

employed for waste water treatment, activated carbon

adsorption was found to be superior for wastewater treat-

ment compared to other physical and chemical techniques,

as they possess inherent limitations such as high cost,

formation of hazardous by-products and intensive energy

requirements, activated carbon has emerged as a potential

alternative to conventional physiochemical technologies in

waste-treatment facilities. Adsorption is an effective sep-

aration process that has advantages in terms of cost, flex-

ibility, simplicity of design, and ease of operation

compared to other techniques. It does not result in the

formation of harmful substances (Rafatullah et al. 2010).

Wastes generated from agricultural sector are many,

they constitute nuisance to the immediate environment

where they are found, agricultural wastes are usually in

large quantity, some of these wastes are known for their

offensive odor, their decayed matter have the ability to

alter soil pH. Recently, different research works have been

carried out, in other to prepare adsorbents from these

agricultural wastes used as an alternative to commercially

available activated carbon, which is expensive. Presently,

agricultural waste materials have been proposed as eco-

nomic and eco-friendly (Kumar and Kumar 2014). This

will help in converting unwanted, surplus agricultural

waste, of which billions of kilograms are produced annu-

ally, to value-added products (Vieira et al. 2009). These

will protect the environment by getting rid of the danger

that such waste can pose if left alone, most especially

where disposal of agricultural wastes have become a major

problem.

Adsorption process has proven to be one of the best

water treatment technologies around the world, activated

carbon is undoubtedly considered as a universal adsorbent

for the removal of different types of pollutants from water

(Ansari and Mohammad-Khah 2009; Bello et al. 2014). A

number of agricultural waste materials have being studied

for the removal of different pollutants from aqueous solu-

tions at different operating conditions. They include: cas-

sava peel (Horsfall et al. 2006), sugar beet pulp (Aksu and

İşoğlu 2005), Nipha Palm (Wankasi et al. 2006), rice bran

(Suzuki et al. 2007), coconut husk (Hameed et al, 2008;

Tan et al, 2008), periwinkle shell (Bello et al. 2008),

orange peel (Ningchuan et al. 2009), cocoa pod husk (Bello

and Ahmad 2011), mango leaf (Khan et al. 2011), coconut

shell (Bello and Ahmad 2012), loquat leaves (Akl and

Salem 2012), durian seed (Bello et al. 2014), TiO2/UV,

(Gupta et al. 2012), CNT/magnesium oxide composite

(Saleh and Gupta 2012), fertilizer waste, (Gupta et al.

1998), waste material adsorbents (Mittal et al. 2011), waste

material adsorbents (Mittal et al. 2009a), waste material

adsorbents (Mittal et al. 2009b), waste material adsorbents

(Gupta et al. 2010), tire derived carbons (Saleh and Gupta

2013), alumina-coated carbon nanotubes (Gupta et al.

2011), industrial wastes (Jain et al. 2003), Waste materials,

(Mittal et al. 2010), Multi-walled carbon nanotubes–ionic

liquid–carbon paste electrode (Khani et al. 2010), meso-

porous activated carbon (Karthikeyan et al. 2012).

Activated carbons prepared from these precursors have

been reported to be capable of removing metal ion and

organic pollutant from aqueous solution. There are various

types of dyes that are commonly used during dyeing pro-

cesses such as basic dye, reactive dye, acidic dyes (Ahmad

et al. 2014). These class of dyes differ in structural com-

position as well as in their interaction with adsorbent, the

interaction is dictated by the nature of the adsorbent, such

as morphology and the pH of the surface of adsorbent, this

makes adsorbent to be effective towards adsorbate differ-

ently. Activated carbon materials are characterized by their

large surface areas, high carbon content and better porosity

which are well-developed. For these reasons, activated

carbons are commercially used as adsorbents for the

removal of organic chemicals and metal from the envi-

ronment. Carbonaceous materials (animal, plant, or mineral

origin) with high carbon content can be converted into

activated carbon. This study examines the use of different

agricultural waste materials as precursors for the prepara-

tion of cheap and readily available activated carbons.

Materials and methods

Preparation of the adsorbent

Sample collection and preparation

Kola nut pod, coconut husks were collected from dump

sites while bean husk was obtained from Wazo market,

Ogbomoso, Oyo State of Nigeria, where they were

deposited. The samples were washed thoroughly with

water to remove the dirt, the washed samples were then sun

dried and pulverized.

Modification of the sample

Dried and pulverized samples were carbonized using

muffle furnace, a carefully weighed 25.0 ± 0.01 g of raw

sample were put into a beaker containing 500 cm3 of 0.3 M

ortho-phosphoric acid (H3PO4). The content of the beakers

were thoroughly mixed and heated on a hot plate until a
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thick paste was formed. The paste of each samples were

then transferred into a evaporating dish which was placed

in a furnace and heated at 300 �C for 30 min. Thereafter,

the samples were allowed to cool and then washed with

distilled water to a pH of 6.7 ± 0.12, oven dried at 105 �C
for 4 h and the adsorbents were stored in an air-tight

container for further use.

Characterization of adsorbents

Fourier transform infrared (FTIR)

Fourier transform infrared (FTIR) spectroscopic analysis

was used to study the surface chemistry of raw and acti-

vated carbon prepared from the selected samples using

FTIR (FTIR-2000, Perkin Elmer). The FTIR spectra gave

information about the characteristics functional groups on

the surface of the sample.

Scanning electron microscopy (SEM)

The scanning electron microscope (SEM) is one of the

most versatile instruments available for the examination

and analysis of the microstructure morphology. The scan-

ning electron microscopy (SEM) is a technique based on

electron–material interactions, capable of producing ima-

ges of the sample surface. This technique was used to study

the morphological feature and surface characteristics of the

selected materials.

Energy dispersive X-ray (EDX)

Elemental analyses were carried out using EDX, it deter-

mines the component elements present in the samples. Line

spectra (peaks) are obtained, each corresponding to a par-

ticular element. The intensity of the characteristic lines is

proportional to the concentration of the element.

Determination of oxygen-containing functional groups

The Boehm titration method was used for this analysis.

According to the method used by Ekpete and Horsfall

(2011), 1.0 g of the raw and the activated carbons were

kept in contact with 15 ml solution of NaHCO3 (0.1 M),

Na2CO3 (0.05 M) and NaOH (0.1 M) for acidic group and

0.1 HCl for basic group/site, respectively, at room tem-

perature for more than 2 days. Subsequently, the aqueous

solution was back titrated with HCl (0.1 M) for acid and

NaOH (0.1 M) for basic groups. The number and type of

acidic site were calculated by considering that NaOH

neutralizes carboxylic, lactonic and phenolic groups, Na2-
CO3 neutralizes carboxylic and lactonic groups and that

NaHCO3 neutralizes only carboxylic groups. The amount

of oxygen containing functional groups, Fx, is calculated as

follows:

Fx ¼
ðVbx � VexÞ

mx

� Mt � DF ð1Þ

DF ¼ initial volume

selected volume for titration
; ð2Þ

where Fx (mmolg-1) is the amount of oxygen-containing

functional groups, Vbx is the volume of titrant used to titrate

the blank, Vex is the volume of the titrant used to titrate the

extract, Mt is the molarity of the titrant used and DF is the

dilution factor.

Determination of point of zero charge (pHpzc)

The pH point of zero charge determination (pHpzc) of the

raw and activated carbons of the samples were carried out

by adding 0.1 g of activated carbon to 200 ml solution of

0.1 M NaCl whose initial pH has been measured and

adjusted with NaOH or HCl. The containers were sealed

and placed on a shaker for 24 h after which the pH was

measured. The pHpzc occurs when there is no change in the

pH after contact with adsorbent.

Results and discussion

Characterization of the prepared adsorbent

Fourier transform infrared spectral analysis

Figure 1 shows the FTIR spectra of kola nut pod, bean

husk and coconut husk, respectively. The spectra of the

samples show the presence of several functional groups.

These spectra revealed a reduction, broadening, disap-

pearance or appearance of new peaks after the process of

acid activation. The shifts in the spectra revealed the effect

of activation on these adsorbents. The prominent bands

after activation are indications that the prepared adsorbent

will be effective in the removal of dyes and heavy metals

(Bello et al. 2015). The FTIR spectra of kola nut pod

(Fig. 1a), shows a broad band at 3773 cm-1 representing

the –OH stretching of alcohol or phenol. A sharp band

observed at 3433–3428 cm-1 represents the –OH bonding

group of alcohol or carboxyl group. The peak around

2382–2371 cm-1 corresponds to C:N stretch vibration of

amines. The band at 1856 cm-1 corresponds to C=O

stretching of acid halide and the peak observed at

1790 cm-1 was assigned to C=O stretch of acid halide. The

peak observed at 1640–1699 cm-1 represents C=C stretch

of alkenes. The one at 1414–1472 cm-1corresponds to C–

C stretching vibration of aromatic. The band observed at
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Fig. 1 FTIR spectra of

a KNPR, b KNPA, c BRH,

d BRA, e CHR, f CHA
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Fig. 1 continued
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1279–1254 cm-1 corresponds to C–H alkyl halide,

1107–1094 cm-1 were assigned to C–N stretch of aliphatic

amines. The band at 679–696 cm-1 corresponds to C:C

bending of alkynes.

Also, Fig. 1b shows FTIR spectra of bean husk, a broad

band observed at 3761 cm-1, represents bonded OH

groups. The peak at 2930–2368 cm-1 shows an aliphatic

C–H stretching vibration. 1757–1639 cm-1 shows C=O

stretching of carboxylic group. The band observed at

1523 cm-1 corresponds to the secondary amine group. The

peak shown at 1423 cm-1 indicates an aromatic C–C

stretch and C–O stretch was observed at 1279 cm-1. The

band around 1117 cm-1 shows presence of C=O bonds of

ether, ester or phenols. O–H bending was observed at

633 cm-1.

Figure 1c is the FTIR spectra of coconut husk, the long

bandwidth around 3433.29 cm-1 indicated that the main

functional groups found on CHR and CHA; O–H stretching

Fig. 2 SEM micrographs of

kola nut pod raw and activated

(KNPR and KNPA), bean husk

raw and activated (BHR and

BHA) and coconut husk raw

and activated (CHR and CHA)

Table 1 EDX data of kola nut pod raw and activated (KNPR and KNPA), bean husk raw and activated (BHR and BHA) and coconut husk raw

and activated (CHR and CHA)

Elements Atomic percentage (At.%) Atomic percentage (At.%) Atomic percentage (At.%)

KNPR KNPA BHR BHA CHR CHA

C 67.76 88.54 84.21 89.02 83.70 87.13

O 10.28 4.51 6.30 7.98 10.26 4.99

Mg 2.78 Nil 0.85 Nil Nil 0.10

Mn 2.28 Nil Nil Nil Nil Nil

Al Nil Nil 0.55 3.00 0.35 0.21

Si Nil Nil 1.83 Nil 0.60 Nil

Ca 3.81 Nil 0.53 Nil 0.53 1.96

K 9.10 6.75 5.48 Nil 2.78 Nil

Cl 2.16 Nil 0.76 Nil 1.79 Nil

Fe 1.84 Nil Nil Nil Nil Nil

P Nil Nil Nil Nil Nil 5.61

Total 100 100 100 100 100 100
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vibration of hydroxyl functional groups including hydrogen

bonding. The band observed at 2926.01 cm-1 was assigned

to the aliphatic C–H group. Other major peaks detected at

bandwidths of 2376.30 cm-1, 1705–1739.79 cm-1,

1624.06–1618.28 cm-1 and 1377.17 cm-1 were, respec-

tively, attributed to C:C stretching of the alkyne group;

vibration of carboxylic C=O stretching of lactones,

ketones, and carboxylic anhydrides; C=C of aromatic ring;

Fig. 3 Energy dispersve X-ray spectra of kola nut pod raw and activated (a KNPR, b KNPA), bean husk raw and activated (c BHR, d BHA) and

coconut husk raw and activated (e CHR, f CHA)
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and C–H stretching in alkanes or alkyl group. The disap-

pearance of ether and phenol in the CHA sample shows

that these functional groups are thermally unstable (Ahmad

et al. 2014).

The changes observed in the FTIR spectra of the

selected sample confirm the effect of acid activation on the

raw samples; this is an indication that these samples will be

a useful adsorbent in waste water treatment (Bello et al.

2015).

Scanning electron micrograph (SEM)

Scanning electron micrograph (SEM) of kola nut pod raw

(KNPR), kola nut pod activated (KHPA), bean husk raw

(BHR), bean husk activated (BHA) and coconut husk raw

(CHR), coconut husk activated (CHA) are shown in Fig. 2,

respectively. The surface morphology of the selected

samples clearly shows that KHPR, BHR and CHR surface

pores were not properly developed, rough and uneven, and

there are several pores formed, and are distributed over

surface of the precursor after acid treatment. This is an

indication that H3PO4 was effective in creating well-de-

veloped pores on the surface of the precursor, thus, leading

to activated carbon with large surface area and porous

surface structure. This was due to the breakdown of the

lignocellulosic materials at high temperature followed by

the evaporation of volatile compounds leaving samples

with well-developed pores. The availability of pores and

internal surface is requisite for effective adsorbent (Rao

et al. 2006; Bello et al. 2015). Thus, the porous nature of

Fig. 3 continued

Fig. 4 Plot of pHpzc of a KNPA, b BHA and c CHA
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the adsorbent prepared will help in adsorbent uptake which

will be of help in adsorption process. These pores will

provide a good surface for dye, heavy metals and other

pollutant to be trapped and adsorbed onto (Bello et al.

2015; Ahmad et al. 2015a, b).

Energy dispersive X-ray

Elemental analyses of both raw and acid-activated samples

were carried out using EDX to determine qualitatively and

quantitatively the elements present in kola nut pod raw

(KNPR), kola nut pod activated (KHPA), bean husk raw

(BHR), bean husk activated (BHA) and coconut husk raw

(CHR), coconut husk activated (CHA). The results

obtained are shown in Table 1. Figure 3 shows the spectra

of the results displayed in the Table 1. It was observed that

carbon has the highest percentage by weight when com-

pared with other elements present in the samples. Also

carbon content increased after acid activation showing the

effectiveness of the acid treatment on the precursors.

According to Xiong and coworkers only samples with high

carbon content can be an efficient adsorbent for the

removal of dye, heavy metals and other organic pollutant

from aqueous solution (Xiong et al. 2013). Effectiveness of

the prepared adsorbent based on the carbon content in the

removal of pollutant is in the order KNPA[BHA[CHA

(Table 1). Results show that the most effective adsorbent

among those prepared is KNPA followed by BHA and

CHA.

Determination of pH point of zero charge

pH point of zero charge of activated carbon prepared from

these waste materials were determined, the values were

known by determining the point where the resulting curve

cut through the pHo axis as shown in Fig. 4. The pHpzc was

found to be 5.32, 4.57 and 3.69 mmol g-1 for KNPA, BHA

and CHA, respectively. The combined influence of all the

functional groups of activated carbon determines pHpzc,

i.e., the pH at which the net surface charge on carbon was

zero. At pH\ pHpzc, the carbon surface has a net positive

charge, while at pH[ pHpzc the surface has a net negative

charge (Al-Degs et al. 2000). Cation adsorption becomes

enhanced at higher than the pHpzc, while adsorption of

anions is equally enhanced at pH less than pHpzc

(Almeidal et al. 2009; Farahani et al. 2011). This is con-

sistent with the value of Boehm titration, showing the

dominance of acidic groups on the surface of the prepared

adsorbents (Table 2).

Determination of oxygen containing functional groups

Boehm titration technique was used to characterize the

surface chemical property of the absorbent. Table 2 shows

the Boehm titration result. The dominance of acidic groups

on the activated carbon prepared from the selected material

is higher than the basic groups, suggesting that the func-

tional groups on the adsorbent surface are predominantly

acidic. Higher acidic groups suggests more oxygenated

functional groups, resulting in increase in adsorption

capacity (Farahani et al. 2011).

Conclusion

This study revealed that the activated carbon prepared from

selected agricultural wastes after acid activation and car-

bonization was effective in creating well-developed pores

on the surface of the precursor, yielding product with high

carbon content. Surface of the studied samples are acidic.

These are indication that the activated carbon prepared

from these selected agricultural wastes has promising

ability, to remove different pollutants such as dye, metal

ion and other organic pollutants. These adsorbents can be

considered as suitable alternative precursors in lieu of the

expensive commercial activated carbon. Moreover, since

they are sourced locally, their sustained availability is

guaranteed.
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Table 2 Functional groups on kola nut pod activated (KNPA), bean husk activated (BHA) and coconut husk activated (CHA)

Adsorbents Carboxylic (mmol g-1) Lactonic (mmol g-1) Phenolic (mmol g-1) Basic (mmol g-1) Acidic (mmol g-1)

KNPA 0.1210 0.0154 0.000 0.0375 0.1364

BHA 0.5310 0.8450 0.0210 0.7000 1.3970

CHA 1.5210 0.3260 0.1872 0.096 2.0342
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