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Abstract: An activated carbon was prepared from waste wood shavings by simple carbonization in a
muffle furnace. Wet oxidations of the carbon were carried out with nitric acid, hydrogen peroxide
and potassium persulphate. The physicochemical, chemical, FT-IR, N, adsorption, SEM, TG, DTG
and XRD characterizations were done. Though the carbon produced from simple pyrolysis
possessed some acidic and basic groups with porous texture, modifications with the chosen reagents
improved the surface heterogeneity and porous characteristics. These surface chemical and textural
characteristics were presented in this paper.
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Introduction

The term activated carbon is generally used to describe carbon or charcoal whose adsorptive
capacities have been increased by man-made processes'. They contain, in general, carbon as the
major component and small amounts of some hetero atoms like oxygen and nitrogen depending
upon their origin or the nature of process by which they are prepared. They can be distinguished
by their surface morphology, surface area and most importantly by their adsorptive properties
with different solutes'. Of all the treatment methods available for the removal of dissolved
contaminants, adsorption - especially onto low-cost adsorbents like activated carbon - is the
most preferred one because it is economic and is also a green purification technique.

The cost of this process can further be reduced by looking for a cheap, locally available
carbonaceous material as the adsorbent which can be an agricultural waste or a wood
industry waste. Tones of hard carbon masses of varied sizes are produced as waste by-
products in wood industry. Numerous attempts have been made by researchers to identify
and utilize these waste materials for activated carbon production®*. They include cellulosic
biomasses like wheat and rice straw, nut shells, fruit pits, peels, corn cobs, bagasse, oil-
cakes, leaves, barks, saw dusts, wood wastes and others. The adsorptions of organic
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molecules like dyes and heavy metals by these carbons have also been reviewed™®. Even
though simple carbonization of these materials at controlled conditions yield carbons of
considerable porosity and hydrophobicity which can remove non-polar organics, they do
lack surface heterogeneity that is key for the attraction of polar organics like phenols and
inorganic ions”"’. Surface heterogeneity on carbons can be increased by wet oxidations with
nitric acid, sulphuric acid, hydrochloric acid, phosphoric acid, hydrogen peroxide,
ammonium persulphate and others'' ™",

The objective of the present work is to convert waste wood shavings procured from a
local furniture workshop by carbonization and to study the changes on the surface physical
and chemical characteristics on treatment with concentrated nitric acid, hydrogen peroxide
and potassium persulphate. The changes that took place can be assessed by nitrogen
adsorption, scanning electron microscopic study, XRD analysis, thermal analysis, FT-IR
spectral analysis, Boehm and mass titrations in addition to the standard testing methods for
physicochemical characterizations.

Experimental

Waste wood shavings of teak wood (Tectona grandis) for the preparation of activated
carbon were collected from a local furniture workshop. The shavings were thoroughly
washed with water, dried in air and carbonized directly in a muffle furnace at a
temperature of about 500 °C for 30 minutes. The resulting black product was ground and
sieved and the portion retained between 150 and 250 um sieves was repeatedly washed
with double distilled water, dried overnight at 12045 °C, cooled in a desiccator and stored.
This carbon was named as C1.

Three other carbons, namely, C2, C3 and C4 were prepared from C1 by wet oxidation
methods using concentrated nitric acid (16 M), hydrogen peroxide (30%) and potassium
persulpahte (saturated solution in 1 M H,SO,), respectively. Briefly, about 5 g of C1 was
mixed with 50 mL of the agents for a period of ten hours at room temperature. The carbon
masses were then separated and excess reagents were removed by washing in a Soxhlet
apparatus.

Characterization of the adsorbents

Physico-chemical characteristics were determined following standard methods'®, The fixed
carbon content is calculated from the following equation'”:

Fixed carbon = 100 — [% moisture + volatile matter + % ash]

Cation-exchange capacity (CEC) determinations'™, Boehm titrations'**" and mass

titrations®' were performed following reported procedures. FT-IR spectra were recorded in a
Perkin Elmer FT-IR spectrophotometer RS1 in the region 4000-400 cm™. The morphologies
and sizes of the samples were examined using field emission scanning electron microscopy
((FE-SEM) (JSM-6701F, JEOL Japan INC) with an accelerating voltage 30 kV and filament
current of 20 mA for 45 seconds. EDX was performed with Oxford instrument attached with
SEM. Brunauer-Emmett-Teller (BET) specific surface areas of the carbons and pore size
distributions were obtained by nitrogen adsorption on an Autosorb-1 (Quantachrome
Instruments, Boynton Beach, FL) nitrogen adsorption apparatus. Thermal behaviors were
analyzed by means of an EXSTAR6200 thermal analyzer at a heating rate of 10 °C/min,
from room temperature to 1000 °C in air. Powder X-ray diffraction (PXRD) patterns were
measured using a XRD-Bruker D8 Advance XRD with Cu Ko radiation (A = 1.54050 A)
operated in the 20 range from 10° to 50°.
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Results and Discussion

Physicochemical characterizations

Moisture content dilutes the carbon and therefore necessitates the use of additional weight of
carbon to provide the required weight. Ash content generally gives an idea about inorganic
constituents associated with carbon. Density may be regarded as the measure of activity of
carbon. When the carbon is in contact with water, leaching of impurities from carbon should
not be significant, so tests pertaining to acid soluble and water-soluble matter assume
importance. The volatile matter content may be used as a relative measure of the extent of
carbonization and the extent of loading of volatile matter on an activated carbon that has been
used in an adsorption process. These properties for the carbons prepared were listed in Table 1.

Table 1. Physicochemical characteristics of the activated carbons

Characteristics Cl C2 C3 C4

Proximate analysis, %

Moisture 1.87 2.24 2.57 2.62

Ash 13.54 11.44 12.18 12.20

Volatile matter 2.56 8.51 5.81 345

Fixed carbon 82.03 77.81 79.44 81.73
Particle size, pm 150-250 150-250 150-250 150-250
Apparent density, g/mL 0.75 0.71 0.64 0.68
Dry apparent density, g/mL  0.71 0.68 0.59 0.58
Water solubles, % 2.85 2.12 2.45 2.84
Acid- extractable content, %  9.45 6.52 6.84 6.91
pH 8.68 4.46 4.86 5.11

Chemical characterization results

Surface heterogeneity of carbons is mainly due to oxygen atoms on the surface. A
heterogeneous surface is loaded with oxygen atoms in the form of chemical groupings like,
carbonyl, carboxylic, lactonic, phenolic which are acidic and chromene, quinone and pyrone
groups that are basic™. Oxidizing agents like those used in our study, are predicted to
increase the density of acidic groups and indeed this expectation is realized and the results
are shown in Table 2.

Table 2. Chemical properties of activated carbons

Chemical property Cl C2 C3 C4

Surface groups, mequiv/g

Carboxyl 0.043 0.815 0.668 0.389
Phenolic 0.197 0.921 0.874 0.445
Lactonic 0.183 0.658 0.342 0.283
Acidic groups 0.423 2.394 1.884 1.117
Basic groups 0.682 0.158 0.177 0.424
Total groups 1.105 2.552 2.061 1.541
CEC (x10™ mol/g) 1.75 5.50 4.75 4.50
pHzpc 8.57 4.21 4.51 5.02

That the parent carbon Cl, is fundamentally basic is revealed by the relatively low
number of acidic groups and more number of basic groups. It is also supported by the CEC
and the pHzpc values. Oxidation results in significant increase in the number of acid groups
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which may be due to the oxidation of carbon atoms held at the periphery; and decreases the
number of basic groups'* which may be due to conversion of a group like chromene into a
carboxyl or other by the oxidizing agent. It is evident from Table 2 that among the reagents,
nitric acid produced more number of carboxyl, phenolic and lactonic groups. Similar types
of observations have also been reported earlier®.

FT-IR spectra

The FT-IR spectra (Figure 1) reveal that the carbons are loaded with plenty of surface
groups™**. Broad peaks at about 3400 cm™ are indications of the presence of hydroxyl
groups of phenols and carboxylic acids held in close proximity on the surfaces of the
carbons. The weak bands at 2850 cm™ and 2920 cm™ are due to aromatic (C-H) stretchings.
The peaks close to 1600 cm™ are due to the carbonyls of carboxylic and lactonic groups. The
graphitic (C=C) stretching vibrations may also be responsible for these bands. Bands at ~
1400 cm™ are due the (C—O) stretching vibrations of alcohols, esters, lactones and other
ether linkages. The peak intensities observed for the acidic groups (Figure 1) suggest that
among the modifications C2 is the richest and C4 is the poorest in the possession of these
groups. These results are also consistent with the Boehm titration results (Table 2).
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Figure 1. FT-IR spectra of the activated carbons

Surface area analysis and pore size distribution by nitrogen adsorption

The nitrogen adsorption isotherms of the carbons were all found to be of Type I* and are shown
in Figure 2. Sharp increase of N, adsorption at P/P, less than 0.1 are indications of highly
microporous nature of the adsorbents. BET surface areas of the carbons increased dramatically
in the case of C3 and especially C4. But with C2 there is only a very little increase in surface
area and that too is realized as P/P, values higher than about 0.4. The surface area, pore volumes
and pore sizes deduced from nitrogen adsorption are presented in Table 3.
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Figure 2. N, adsorption isotherms of activated carbons

Table 3. Physical properties of activated carbons deduced from N, adsorption

Physical property Cl C2 C3 C4

Single point surface area at P/P;=0.3005, m*/g 552.4118 555.7582 594.3640 868.3045
BET surface area, m’/g 544.0511 548.1014 586.6531 856.9818
t-Plot Micropore area, m*/g 490.4677 4729118 503.4626 713.2577
t-Plot External Surface Area, m*/g 53.5834 75.1896 83.1906 143.7241
Single point adsorption volume of pores, cm’/g 0.2818  0.2968  0.3216 0.4709
t-Plot micropore volume, cm’/g 0.2550 0.2457  0.2616 0.3716
Adsorption average pore width

(4V/A by BET), nm 2.0718 21657 21930  2.1981
Volume in pores<1.483 nm, cm’/g 0.2028 0.2158  0.2444 0.3593
Total Volume in Pores<185.804 nm, cm®/g 0.2247 02397  0.2671 0.3851
Area in Pores>185.804 nm, m*/g 0.0000  0.0000  0.0000 1.8270
Total Area in Pores>1.483 nm, m*/g 23.8070 17.1950 12.6350 15.7770

It is seen that there is an increase in the total surface area of the carbons in the order, C1
< C2 < C3 < C4. This is expected because the parent carbon is actually a wood char; tarry
residues and other volatile impurities produced during the carbonization process might have
been trapped into the pores and making them unavailable and unseen. It is for this reason
any carbonized material is activated physically or chemically. Oxidants react with the tarry
residues trapped in pores and expose them, which help the unveiling of the original porosity.
Creation of new pores by them is also possible. Thus the oxidized versions of C1 are
predicted to have higher surface area and pore volumes. Many works have been reported in
the literature where increase in surface area is realized when carbonized biomasses**** and
commercial carbons®~° were activated.

Of the three modifications, the surface area and the porosity increased in the following
order: nitric acid < hydrogen peroxide < potassium persulphate. The lowest pore
development is seen in the case of C2 and this could be due to the strong oxidizing behaviour
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and blocking of pores by carboxyl and lactone groups which prevent the entry of N, molecules™.
Even though, oxidation treatments increased porosity in C1, average pore widths (Table 3) of the
carbons have similar values and only the volume of pores seems to be increased.

Scanning electron microscopic studies

The scanning electron microscopic images along with the EDX spectra are provided in
Figure 3. The SEM images reveal that minute micropore development on going from C1 to
C4 which is highlighted in the N, adsorption isotherm studies. Further, the EDX spectra
reveal the oxygen contents of the samples. They were found to be (in percentage) 15.16,
20.27, 21.25 and 16.21, for C1, C2, C3 and C4, respectively. Increased oxygen contents in
the form of surface oxygen complexes as revealed by chemical characterizations is in
agreement with these EDX results.

Figure 3. SEM images of activated carbons along with their EDX spectra
Thermal analysis

The TG and DTG curves for the carbons are shown in Figures 4 and 5. The curves are
characteristic of a carbonaceous precursor and the residual weight percentages are found to
be 88.10 (C1), 77.62 (C2), 83.02 (C3) and 83.36 (C4). The weight losses recorded for the
temperature range 0-1000 °C can be divided into the following phases. The first phase that
spans from 0 °C to about 100 °C is due to the loss of adsorbed water molecules. In DTG it
appears as a small endothermic peak. The second phase, which spans from 200 °C to 600 °C,
is due to the loss of surface oxygen groups in the form of CO, from the carbons though CO
emissions contribute partly*>**. The final phase which starts at 600 °C could be due to the
loss of CO molecules from tightly bound surface oxygen groups®.

X-ray diffraction studies

All the carbons have broad peaks at 20 values around 14°, 27° and 43.5° (Figure 6). These
broad peaks are characteristics of highly amorphous substances and show that there is no
significant change in the surface crystalline nature of C1 on modifications. Peaks at ~ 14°
are obtained for some carbons prepared plant biomasses®™ and could be due the (110)

crystallographic plane of residual cellulosic materials®®. The peaks at 27° and 43.5° could be
due to the disordered (0 0 2) and (1 0) graphitic reflections®”’.
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Conclusion

The study reported in this work pertains to the production of activated carbon from waste
wood shavings and modifications of the resulting carbon with nitric acid, hydrogen peroxide
and potassium persulphate. The carbon produced was found to be porous and the porosity
increased by the activation procedures. Modifications of waste wood carbon increased the
amounts of surface oxygen complexes like phenolic, lactonic and carboxyl but the amounts
of basic groups were reduced. Improved surface area and porous characteristics were
supported by N, adsorption and SEM analyses.
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