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Abstract: In this study, activated carbon that prepared from unused wood of citrus shrub by
chemical activation method using phosphoric acid as activating agent was characterized by
SEM and FTIR method. The chemically modified adsorbent was identified by observing
developed active functional group and porosity on surface of resultant carbon. These qualities
are essential for effective adsorption of adsorbate and removal of pollutants from aqueous
solution. In this study SEM images indicated developed micro and mesopores while FTIR
graphs were represented formation of active phosphorous and oxygen containing functional
groups such as P-O-P, P- O-C and P=OOH etc. On surface of AC. Based on these results the
resultant carbon is promising adsorbent for removal of polar and non-polar pollutants from
aqueous solution.
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Introduction

Activated carbons (AC) are commonly produced from various organic materials such as
biopolymers, agriculture residue, coconut shell, wood etc [1-5]. Adsorption is one of the most
promising technique by AC among the other technique such as ion exchange, reverse osmosis
and chemical precipitation due to high efficiency and easily operability for treatment of waste
water [6-10]. Various organic materials such as biochar, carbon nanotubes and AC have been
used as an adsorbent for purification and separation process in liquid and gaseous mixture
[11-15]. The transformation of raw precursor into AC through activating agents such as
phosphoric acid and zinc chloride are generally used because of low cost and feasibility [16-
18]. The carbonization of the raw organic material may be followed by chemical activation
method by using chemical reagents such as phosphoric acid, zinc chloride and potassium
hydroxide for growth of porosity and increase surface area of the char or by thermal
activation in inert atmosphere [19-22]. These chemical reagents decompose the organic
materials and induce the aromatization resulting formation of pores. Activating agent H3PO4
oxidize the carbonaceous materials resulting generation of active functional groups on the
surface of AC [23-27]. Raw precursor and method of preparation determine the surface
chemistry and porosity of AC [28-31]. By changing the activation method, the characteristics
of resulting carbon can be different. The advantage of chemical activation in comparison to
physical activation are that it can be carried in only one step and require low temperature and
produces may higher yield [32-33].

Developed heterogeneity in the framework of activated carbon is an important property of
AC during adsorption method. Methods such as SEM can be used for the characterization of
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the heterogeneous property of AC. In the case of lignocellulosic raw material weight loss is
generally completed at or above 550°C during pyrolysis process. Along with weight loss
porosity continuously develop at or above 550°C activation temperature by the shifting of
carbon in a disordered way in the vicinity of pore. Well-developed pore size distribution was
observed after a partial blockage of large pore opening in AC during pyrolysis at optimum
temperature which would allowed to check the accessibility of adsorbate molecule of
different sizes to the inner pores. An optimal temperature is required for the carbonization of
raw material which provides the highest adsorption quality and this optimal temperature
control adsorption properties of the lignocellulosic precursor. Factors such as rate of heating
process, activation time, carbonization process and activation in inert atmosphere control
properties of AC. Activation method and characteristics of raw material decide the qualities
of activated carbon [34]. Chemical activation method gives a batter yield then the other
activation process and decreases mineral matter in resultant activation carbon [20].

Activated carbon with its large surface area is used mainly in purification and chemical
recovery process in industries. Earlier researches explain relation between the creating
porosity and precursor by using many parent organic raw precursors and chemical activating
agent [35-36]. In previous work from researcher it has been observed that carbon prepared by
phosphoric acid activation of organic raw precursor show acidic behaviour which has been
utilized in purification process and elimination of particular metals ion from aqueous medium
[37]. Phosphoric acid activation is a well-known process for the production of activated
carbon. Phosphoric acid activation of organic materials produces better adsorbent qualities
such as better pore structure and surface chemistry in AC [38- 40]. In this study we selected
unused wood of citrus as a starting material for the preparation of activated carbon by
phosphoric acid activation. The unused wood of citrus was identified as hardwood. The
adsorption properties of resultant carbon are analysed not only by their heterogeneity and
porosity of surface of carbon but also by generation of chemical functional groups on its
surface after chemical activation process. The modification of concentration of surface
functional group and the nature suitably carried by thermal or chemical treatment of
precursor. The adsorption characteristics of prepared ACs specially for metal ion and
pollutants based mainly on the presence of acidic/polar functional groups containing oxygen
and other heteroatom in carbon skeleton [41]. Activated carbon which produced from unused
branches of citrus shrub by phosphoric acid activation was examined in both two steps in this
study [42]. Due to incorporation of phosphorus into carbon skeleton form active functional
group which show cation exchange properties [43]. The generated surface functional groups
of resultant carbon influence its chemical interactions with adsorbate that indicates creation
of chemical group on surface of ACs which has an important role in adsorption method. A
detailed knowledge of surface chemical group of AC enables production of adsorbent with
desired qualities for environmental applications.

The aim of activation process is to develop porosity and generate active functional groups on
the surface of resultant carbon that depends on various conditions such as optimum
temperature, concentration and time during process of preparation. The surface area and pore
volume of the resultant carbon was determined by using BET method [44]. In the present
paper surface chemistry worth to be examined by FT-IR characterization method that play

17367
Eur. Chem. Bull. 2023, 12 (Special Issue 4), 17366-17376



CHARACTRIZATION OF PHOSPHORIC ACID ACTIVATED CARBON FOR POROSITY AND
SURFACE CHEMISTRY

Section A-Research paper
ISSN 2063-5346

major role in the uptake of polar adsorbate during adsorption process [45]. FT-IR technique is
more preferable to monitor the surface functional group that develop on the surface of ACs
under phosphoric acid activation process in oxidizing condition. The development of pores
on the surface of resultant carbon are another important characteristic for adsorption of
organic pollutants from waste water was examined by using SEM technique.

2. Experimental technique

2.1 Preparation of activated carbon

The precursor used for the production of ACs was unused wood of citrus and phosphoric acid
of concentration of 45wt% used as activating agent for chemical activation method. This
concentration of phosphoric acid produced better qualities in ACs. The optimum temperature
for carbonization of precursor was at 550°C impregnation ratios of phosphoric acid and raw
precursor 4:1 was selected. Factors related to chemical activation of carbonized char such as
temperature, impregnation ratio and activation time were increased above optimum condition
then oxidation and gasification process increases which decreases not only yield of carbon
but number of functional groups on the surface of activated carbon also. The washed and
dried small pieces of wood was kept in phosphoric acid solution for impregnation for 22
hours at 110°C. After impregnation of raw precursor, it was carbonized at optimum
temperature 550°C for activation of carbon. The activated carbon after activation process was
collected and kept in desiccator for cooling. The resultant product was then washed with
distilled water. Lastly the resultant carbon was dried in a vacuum oven at 120°C for 12 h.

2.2 Scanning Electron Microscope (SEM):

The morphology of the resultant carbon was determined using SEM instrument. Scanning
electron micrograph was recorded by using JEO/EO version JSM 6390 SEM instrument of
the resultant carbon at widening distance 21mm, working voltage 15kV, magnetic field 5000,
spot size- with 500x different magnification. The coated samples of AC were then transferred
to the SEM specimen chamber and analysed at an accelerating voltage of 15 kV.

2.3 Fourier Transform Infrared Spectroscopy (FTIR)

The surface chemistry of the AC was characterized by Fourier Transform Infrared
Spectroscopy (FTIR) to study its surface chemical active group both quantitative and
qualitative. The surface chemical groups of AC were studied by obtaining transmission
spectra of resultant carbon sample by KBr technique. The technique was carried by using
grinded KB powder and the powder surface was evened using the attach the sample passing
bar. Next the resultant carbon sample was diluted with the KBr powder with the ratio of 10%
and grounded until it become fine particle to mix the both of them The KBr reagent treated
sample of resultant carbon gave FTIR spectra in wave number range of 4000-500cm-1, with
2 cm-1 resolutions of resultant carbon sample by KBr technique.

3 Result

The surface qualities developed in resultant carbon was investigated by a SEM and FTIR
technique.

3.1Yield-

The optimum condition was maintained during chemical activation by phosphoric acid
reagent related to factors such as activation temperature and impregnation ratio. The
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activation optimum temperature was maintained at 550°C and used phosphoric acid with
impregnation ratio 4:1 for getting highly developed surface qualities of resultant carbon with
good vyield. In this study the yield of resultant carbon obtained is 47% which is same as
mentioned in earlier studies [46-47].

3.2 External surface of resultant carbon using SEM-

The SEM micrographs of AC which presented in Fig 1 and Fig 2 indicate transformation in
resultant carbon after activation process at different magnification. SEM images exhibit a
irregular structure with cracks and crevices on the surface which confirmed heterogeneous
structure of activated carbon. The surface morphology of sample of the resulting carbon are
given in figure (1). Figure (1) shows the resultant carbon prepared at optimum condition each
porous carbon having cavities on its external surface. The creation of pores on external
surface of AC is due to the evaporation of the phosphoric acid molecule after carbonization
leaving the space which previously occupied by the activating reagent 48. The wide range of
pores on surface of AC was demonstrated by SEM micrograph of resultant carbon which
belong to m
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Fig.1 (a) and (b) SEM images of activated carbon at 300X and 500X magnification
Scanning Electron images of the surface structure of sample of the resultant carbon is given
in figure (1). From the figure (1) it is observed that carbon produce at this optimum
temperature is porous carbon and has cavities on its external surface. The texture quality of
the resultant carbon having the greater surface area from phosphoric acid activation process is
shown in figure. The nature of the raw material and process for activation decide the porosity
of the activated carbon. Micropore volume of activated carbon produced by phosphoric acid
is very high. Pore development in the activated carbon during pyrolysis process was also
important as this would enhance the surface area and volume of activated carbon by
promoting the diffusion of phosphoric acid molecule into the pores .At optimum temperature
or above, development of pore increases during activation due to increasing the phosphoric
acid carbon reaction via acid hydrolysis process which would then create more pore after
hydrolysis of glyosidic linkage in hemicellulose and cellulose molecule along with cleavage
of aryl bond in lignin [49-50].

Figure 2 illustrate that the external surface of AC has large cavities and irregularity indicating
high porosity was produced by attack of the reagent H3PO4 during activation. Chemical
activation at 550°C with phosphoric acid resulted in the creation of irregularity in surface and
more pores as observed same by other chemical reagent after activation 51]. It can be seen

17369

Eur. Chem. Bull. 2023, 12 (Special Issue 4), 17366-17376



CHARACTRIZATION OF PHOSPHORIC ACID ACTIVATED CARBON FOR POROSITY AND
SURFACE CHEMISTRY

Section A-Research paper
ISSN 2063-5346

from the micrographs that the external surface of the activated carbon has particle size cracks,
gravy sizes and crystals of various sizes in large holes. The particles in micropore are most
likely the decomposed compound of precursor which formed during activation process. The
phosphoric acid activated carbon image shows partially developed honey comb like
morphology and some micro holes observed on the surface. After activation some amount of
these compound remain in the surface skeleton of resultant carbon. Figure 3 illustrated there
the surface of activated carbon became rough and some irregular pore formed due to removal
of volatile matter after activation process. Activation at 550°C with phosphoric acid resulted
in the production of well-developed micropores and after substantial removal of various
volatile matter in the activated carbon. This was agreed by earlier research where the surface
porosity of activated carbon increased after activation process produces large surface area
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Fig.2 (a) and (b) SEM images of activated carbon at 1000X to 7000X magnification
3.3 Surface chemistry of the activated carbon
The carbon matrix is made up of carbon with other heteroatoms like hydrogen, phosphorus,
nitrogen, oxygen etc. These heteroatoms combine with carbon atom and form specific
functional group on surface of AC after activation process. The surface chemistry of activated
carbon is mainly determined by the acidic and basic nature of its surface [54-55]. The
presence of surface chemical groups such as carboxylic, anhydride lactone, carboxyl etc are
associated with acidity of surface. The presence of functional groups such as carboxyl,
phenolic and other acidic functional groups which developed on surface of activated carbon
after activation process are responsible for acidic nature of surface of AC. Surface chemistry
of the resultant carbon: The FT-IR spectra of without activated carbon showed in figure (1)
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Fig. 3 FTIR spectra of non-activated carbon at 550°C activation temperature.

Which indicate development of chemical active group on the surface of carbon is required by
phosphoric acid activation process. The carbon skeleton consists of not only carbon atom but
heteroatom like hydrogen, oxygen, nitrogen, halogen and phosphorus also. The surface
chemistry of resultant carbon is governed by bonded these heteroatoms the to the edges of the
carbon skeleton. The surface chemistry of activated carbon is mainly determined by the
acidic and basic nature of its surface. The presence of surface chemical groups such as
carboxylic, anhydride lactone, carboxyl etc are associated with acidity of surface. The
activation of carbon at optimum temperature 550°C produce sufficient amount of acidic
functional group. Similar result was reported with previous research with phosphoric acid
activation [56]. FTIR spectra of resultant carbon that prepared from unused wood of citrus
with impregnation ratio 4:1 at optimum activation temperature 550°C is exhibited in Fig (2).
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Fig. 2 FTIR spectra of activated carbon at 550°C activation temperature.
A peak around 1720 cm™ indicate the presence of C=0 functional group of ketone, lactose
and carbonyl. A broad band around 3400-2400 cm™and peak near 1710 cm™shows the
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stretching vibration of carboxylic acid [57]. A low intensity peak near 3100 cm™ indicates
the presence of -OH functional group in phenol. Very weak peak near 2900 cm™ indicates
presence of methyl group due to C-H stretching vibration. A band near 1630 cm™represent
C=C stretching vibration of aromatic ring [58]. A peak at 1460 cm™attributed to the aliphatic
carbon chain. A peak at 1230 —1170 cm™can be attributed to the stretching vibration of
hydrogen linked P=0, O-C stretching vibration in P-O-C bonding and the P=OOH. The
shoulder near 1080 cm™*correspond to the P+-O- linkage in acid phosphate and symmetrical
vibration of P-O-P chain [59-60]. At optimum temperature various phosphorus and oxygen
containing functional groups were developed on the surface of AC which become dominant
around 1110-1220 cm™. At optimum temperature at 550°C, the FT-IR spectra of the activated
carbon shows as number of changes. The band at 1666-1532 cm™ indicates presence of
unsaturated C-C bond of aromatic functional group that produced by H3PO4 activation
method [61-62]. The FTIR spectra of phosphoric acid activated carbon clearly different from
without activated carbon due to development of new signal at 1110--122 cm™in FTIR spectra
after activation process. Information related to the surface chemical group and surface
structure of the produced activated carbon was analysed by FT-IR Spectroscopy [63-64]. A
band at approximately 1720 cmis the >C=0 stretching vibration in ketone aldehyde lactone
and carboxylic group. All bands with low intensity indicate oxygenated functional groups on
the surface of phosphoric acid activated carbon [65-66].

Conclusion

Activated carbon prepared from unused wood of citrus using phosphoric acid during
chemical activation process the effect of optimal condition related to activation factors on
porosity and development of surface active functional group of resultant carbon was also
investigated. With the help of SEM technique, the pore structure of resultant carbon was
analysed and surface chemistry of AC was explained by FTIR technique. Porous carbon was
prepared at optimum activation temperature of 550°C with the well-developed various type
of pores. The acidic behaviour of surface of resultant carbon was due to presence of acidic
functional group on its surface after impregnation of resultant carbon with phosphoric acid. It
can be seen from micrograph which were obtained from SEM technique that the surface of
the resulting carbon has cracks and some crystals of various size in large micropores exhibit
decomposition of biopolymer during activation process. Phosphoric acid activation at
optimum condition of unused wood of Citrus provides heterogeneous structure to adsorbent
after developing various types of pores and cracks on surface with additional qualities like
developed functional groups on surface for increasing adsorption capacity for specific use
related to removal of pollutants from river water.
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