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Abstract
Series of activated carbon pellets were prepared from date palm leaves (Phoenix dactylifera L.) (DPL) primarily pre-carbonized at lower temperature 
and converted into fine grain powder to produce self-adhesive properties. The grain powder produced was chemically activated with KOH having 
a concentration of (0.0 - 0.09) by moles (M) converted into a pellet by applying 12 metric tons of pressure, before being carbonized at 1000oC in a 
nitrogen environment, using a multi-step heating profile. Wide angle X-ray diffraction (XRD) was used to characterize the crystalline structure and 
estimate the crystallite parameters (d002, Lc and La) and amorphous contents of the activated carbon produced. The surface function groups were 
analyzed by FTIR transmission spectra. X-ray diffraction analysis shows that the structure of the activated carbon produced is non-graphitic. The 
interlayer spacing (d002) increased linearly with increasing KOH concentrations, while stack diameter (La) and stack height (Lc) of the graphitic like 
crystal were observed to decrease with increasing KOH concentrations. The amorphous contents were decreased for AC treated with 0.1 M and 
0.2 M of 49% and 48% respectively and further increased from 0.02 M to 59% amorphous. The KOH treatment process, The FTIR transmission 
spectrum of the carbon pellets showed the presence of some bands related to organic compounds, which were still not completely released in the 
AC pellets. Implies that the surface organic functional groups occurring were due to the change in surface nature caused by the KOH treatment 
process.
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Introduction

Activated carbon is the collective name for a group of porous carbons 
manufactured to exhibit extraordinary application in different fields such a 
wastewater treatment and absorption [1-3] effective electromagnetic wave 
absorption [4] super capacitor [5] and double layer capacitor [6] due to 
unique pore structure, a high specific surface area and chemical stability. 
Very often, carbonizing carbonaceous carbon such as biomass and 
agricultural by-products, will produce carbon materials as the main product 
and different volatile compounds as by-product [7,8] Therefore, there are 
many carbonaceous material can be used to prepare activated carbon 
materials can be produced by either treatment of a char with oxidizing gases, 
or carbonization of carbonaceous materials with simultaneous activation by 
a chemical or physical process [8-12]. In a chemical activation process, 
the starting materials are first soaked with dehydrating agents to facilitate 
surface properties at relatively stable temperatures [13,14]. The pyrolysis 

mechanism of the biomass material at lower temperatures as primary 
carbonized process is found to be beneficial in breaking palm leaves' 
microstructure and or chemical bonds, causing them to release gasses, tar 
and char [8]. In addition, pyrolysis mechanism at low temperature is also 
beneficial to convert the biomass materials into a fine grain powder by milling 
process to produce self-adhesive carbon grain [15-17]. 

The use of KOH for the activation of the biomass materials to prepare 
activated carbons with high surface area and porous sizes has been known 
[14-21]. It has been found that date palm leaves chemically activated with 
KOH synthesis active carbon with micropores and mesopores structure [14]. 
In addition it has been found that activated carbon based bituminous coal 
activated with KOH exhibits a high surface area of 3300 m2/g [18].

Analysis of activated carbon can be made in terms of crystalline 
structure crystallite parameters (interlayer spacing (d002) stack diameter 
(La) and stack height (Lc) amorphous content and strain, that are randomly 
distributed and oriented throughout the sample are very common [22-26]. 
It has been found that the crystallite parameters of the carbon material 
increased with the crystalline of the precursor [27] while the small crystallite 
perimeters reflected structure or defect as a resultant of higher porosity 
content [3]. Several attempted methods that have been used to improve the 
crystallite parameters, such as compression pressure [16,17] and increasing 
carbonization temperature or annealing process [28,29]. 

In different approaches, several researchers [30-34] identify two types of 
broadening; the crystal size and strain and the effects of simplified dislocation 
configurations on diffraction-line broadening were modeled. a) Dislocation 
model based on the mean square strain of dislocated crystals [33] and b) 
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measured using a micrometer with six readings taken for each measurement 
and the average obtained. The bulk densities are determined by dividing 
their weight into volume.

X-ray diffractions

A series of measurements was carried out to characterize the structure 
of activated carbon samples by using X-ray diffraction techniques (Bruker 
Advanced Solution AXS D8) operating at 40 KV and 30 mA, with Cu Ka 
X-ray of wavelength (1.5404 Å). The measurements of X-ray diffraction were 
taken for each sample, at diffraction angle of 2Ɵ over ranges of 7oC– 60oC, in 
steps size of 0.04oC as shown in Figure 1. Then diffraction intensity profiles 
recorded were corrected to the background line and instrumental broadening 
and then fitted into a symmetrical Gaussian distribution curve to release 
overlapping. The crystallite units of the carbon sample (d002, Lc and La) can 
be calculated from the full width at half maximum (FWHM) of the (002), 
(100) and (110) diffraction peaks using Bragg’s equation and Deby-Sherrier 
equation (Equation 1) displayed in Figure 2. An X-ray diffraction program 
(Trace 1.4) program from Diffraction Technology PTG LTD, Australia) refines 
the intensity of each peak (as a separate variable), the peak shape, as well 
as subtracts the background line and eliminates the Ka2-peak from the 
diffraction intensity that was used to calculate the crystallite parameters as 
shown in Figure 3.

, (1)
cosc a
KL λ

β θ
= 			   		              (1)

Where K is the shape factor which is equal to 0.94 for Lc and 1.84 for 
La and β is the width of a reflection at half-maximum expressed in radians 
(Figures 1-3).

Amorphous content

According to the Debye-Scherrer equation the diffracted intensityI(s), 
profiles comprised of three the components: (A) profile related to the 
crystalline size of the sample, f(s), broadened by convolution with the profile 
due to instilment effects, g(s) and the background line (BCL) [25,28] given 
as:

( ) ( ) ( ) (2)I s f s xg s BCL= + 	  		              (2)

Normalize diffraction intensity profiles by divided equation (2) by BCL 
as [37]

( ) ( ) ( )1 (3)
I s f s xg s
BCL BCL

= − 	  			               (3)

A phenomenological model based on anisotropy of the elastic properties 
of crystals [35]. In addition, the size-broadened and strain-broadened 
profiles can be approximated by either the Voigt function (a convolution of 
the Lorentz and Gaussian function) or the Double Voigt function [36]. So 
far, many theories and methods have been used to estimate the crystallite 
parameters (Debye-Scherrer equation), line-broadening analysis and strain 
broadening [18-32] and amorphous content [25,26]. 

In the present research, the biomass date palm leaves were used as 
stating material for preparation of activated carbon by chemical activation 
with KOH. The crystallite parameters, amorphous contents and the 
functional groups of activated carbon activated by KOH were studied and 
compared with the review data. An X-ray diffraction trace program was used 
to calculate the crystallite dimensions to assess the accuracy.

Materials and Methods

Sample preparation

Initially date palm leaves were washed thoroughly to remove dust 
and other contamination and dried at 100°C. Then held in a box furnace 
(MPA6/400°C) equipped with a vacuum pump (Eyela, A-35), primary for pre-
carbonized at 300°C for four causewayed a considerable weight loss with 
an average of 34% present. The pre-carbonized palm leaves were cut it 
to a small size and converted into a fine grain powder in a micro-hammer 
cutter for 20 hours a milling time to produce the self-adhesive properties. 
The grain power produced is stored in a clean, self-sealing plastic bag in 
silica gel until used. About 250 g powders were impregnated in a 1000 ml 
KOH solution having concentrations of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 
0.07 and 0.09 by moles (M). The mixture was magnetically stirred for one 
hour until mixed and kept for 16 h before being dried in an oven at 100°C 
for 24 h. The dried mixture was ball milled again for 5 hours and converted 
into a grain pellet (GPs) by applying 12 metric tons of pressure on 2 g of 
powder in a mold of 2.7 cm diameter and 8 cm length. The carbonization 
process was performed using the Vulcan Box Furnace (3-1750) at 1000°C 
in a nitrogen atmosphere in a heating chamber, starting at 1oC/min from 
room temperature to 375oC where it was held for 1 hour before heating was 
resumed at 3oC/min to 800oC and then 5oC/min to 1000oC which it was finally 
held for 5 minutes. Then the system was automatically allowed to cool down 
naturally to room temperature. Then samples were washed thoroughly by 
hot distilled water to clean their surface until a pH of 5 and then dried in an 
oven at 100°C for 4 hours. The diameter and thickness of the pellets were 
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Figure 1. X-ray diffraction of AC carbonized at 1000oC.
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The Deby-Scherrer interference equation rearranged in the atomic unit’s 
as [25,26]. 

2
2

1 sin 2( ) ( )
( ) 2p

srI s f s
f s sr

π
π

 =  
 

∑∑∑
		              (4)

Where 

2 sins π θ
λ

=

fp = is the scattering factor representing the background line 

r = is the inter atomic distance 

This involved two steps: (a) draw the background line within the total 
intensity oscillations (b) divide the total intensity by the background line to 
give an unsymmetrical reduced intensity J(s) in atomic units at the (002) 
peak [25]. Based on equation 2.11, the contribution from the amorphous 
content of the carbon pellets can be deducted from the scattering intensity in 
atomic units as given in Equation 2.13.

( ) 22
002

2 ( )002

sin ( )( )
( ) (5)

0.0606(1 ) sinn i
n d s

n d sJ s xa s
P S s

xa n π

π  −
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∑

Where,

xa = is the fraction of amorphous structure given by the expression [25] 

Pn = is the fraction of n the layers associated in stacks having layered 

groups, n
n

P∑  =1 and Si (s) = is a symmetrical reduced intensity. 

The value of xa first, plot ( )
( )
( )
1 0.0601

a

a

J s x s
x

 −
  − 

 vs. by selecting different values 

of xa until a symmetrical curve is produced. Then, this symmetrical curve 
is fitted to equation 2.12 and the results obtained are used to adjust the 
value of xa again, until both sides of the equation have been converted to the 
equivalent symmetrical form. Then the optimum value of xa that which makes 
the profile the most symmetrical [25] (Figures 4 and 5).

FT-IR transmittance spectra

FT-IR Transmittance Spectra was carried out to analyze the functional 
groups of untreated and treated grain powder and activated carbon 

produced. FT selected ACP samples were crashed into powder and mixed 
with KBr and compacted to form thin pellets. The FTIR transmission spectra 
were collected using a RFX-65 spectrophotometer capable of a maximum 
resolution of 0.12 cm-1 and equipped with an MCT liquid nitrogen-cooled 
detector, interferometer, detector and computer software, (model-KVB/
Analects, INC). Infrared spectra were collected by using 2 to 5 milligrams 
(mg) of sample in a potassium bromide (KBr) pellet. The measurement was 
carried out using the Perkin Elmer System 2000 Fourier Transform Infrared 
(FTIR) with a pulsed laser carrier and a deutera-tedtriglycine sulfate detector. 
All the CPs was scanned from 400 to 4000 (cm-1) averaging 10 scans at 1.0 
cm-1 interval with a resolution of 0.25 cm-1.

Results and Discussion

X-ray diffraction (XRD)

Figure 4 shows the X-ray diffraction profile diffraction intensity, initially 
at (002) and (100) broad and overlapped (002) and (100) reflection intensity 
results of non-graphic structure [24]. Similar observations have been shown 
for activated carbon-based petroleum [2] and solid carbon pellets from date 
palm leaves prepared at different compression pressures [16]. The diffraction 
profile has been corrected to the background line and fitted to the Gaussian 
distribution curve as shown. As the diffraction profile overlaps and consists of 
four broad intensity peaks i.e. (002), (100) and (004) corresponding diffraction 
angles are 25.36°C, 45.1°C and 52.85°C diffraction angles, respectively. 
After correction, the diffraction intensity and Bragg’s peaks were the same as 
in a graphite-like structure and the layer separation was slightly further apart 
than in a graphite structure as shown in Figure 4. 

Figure 5 show that the interlayer spacing (d002) increased linearly with 
increasing the KOH concentration, indicating that the carbon samples had 
a high degree of disorientation or slightly non-graphitic structure [38]. The 
results can be interpreted as: the KOH first reacts with the surface functional 
groups in grain powder and then some carboxyl and/or its compounds 
intercalate by reducing the crystalline layers of the activated carbon 
produced to Figure 6 showing the crystallite parameters (Lc and La) of the 
AC decreased continually with increasing KOH treatment. A decrease in the 
crystallite parameters of the CPs may lead to the development of the pore 
structure in the carbon sample produced compared to the AC prepared from 
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Figure 2. X-ray diffraction of AC corrected to a background line and fitted into Gaussian distribution curve.
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untreated and that treatment with different concentration of KOH. A similar 
result on crystallite parameters was observed on solid carbon pellets from 
date palm leaves prepared by using different compression pressure [16]. 
The data of d002, Lc and La were compared to those of AC prepared from olive 
stones [38-41] coal tar pitch (CTP) carbonized at 800oC and commercial AC 
(AC-Helas) were found to be in good agreement, but La is larger than that of 
commercial AC [24] (Figures 6 and 7).

Amorphous content

The asymmetry reduced the intensity of J(s) from the X-ray diffraction, 
so that the value of the amorphous fraction (xa) was adjusted for the plot of 
Si (s) vs. s to become symmetrical as shown in Figure 8. Indicating that it 
is possible to obtain a very precise fit by testing a considerable number of 
n distributions at the (002) peak of reduced intensity in atomic units for the 
AC sample treated by 0.07 M KOH [25]. The expression used to estimate 
the amorphous fraction is very sensitive to the proper choice of xa, whose 
optimum value is that which makes the reduced intensity Si (s) at (002) 
Bragg's peak, most symmetrical. Also, Figure 8 illustrates the effects on the 
Si (s) profile of using different values of n until match. Figure 9 shows the good 

Figure 3. Trace X-ray diffraction program used to determine crystallite parameters. 
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agreement obtained by matching the value of n to the experimental values of 
the reduced intensity profiles Si (s). The symmetrical profile measurements 
give the value xa of 0.59, for the AC treated with 0.07 M KOH, indicating 
the structure of the carbon sample to be about 59 percent amorphous. The 
adjusted fitted curve gives Pn = 0.0359, n = 3, S*max = 0.2612 Å-1. The 
values of xa decreased and increased greatly as the KOH concentration 
increased from 0 to 0.07 M. These findings indicate that the KOH applied on 
palm leaves grain powder can transform the activated carbon structure into 
a more amorphous state (Table 1, Figures 8 and 9).

FT-IR transmittance of activated carbon (AC)

FTIR transmission spectra of the AC show broad bands were observed 

in all untreated and treated grain powder samples. The adsorption is at 597 
cm-1, which can be assigned to C-H stretching vibrations in the carbonyl 
groups and at 1069 cm-1 due to C-O-C stretching [42]. The band at 1652 cm-1 
was due to C=O stretching in the aromatic rings. The FTIR spectrum showed 
a band at 2365 cm-1 due to C=C, probably from the alkaline groups and a 
band at 2939 cm-1 due to asymmetric C–H stretching vibrations, indicating 
the presence of some aliphatic species, such as olefins or acetylene groups 
(Figure 10).

Conclusion

X-ray diffraction profiles show that the structure of activated carbon 
produced is non-graphitic. The interlayer spacing (d002) increased linearly 
with increasing KOH concentrations, while stack diameter (La) and stack 
height (Lc) of the graphitic like crystal were observed to decrease with 
increasing KOH concentrations. The amorphous contents increased with 
KOH concentration.

The FTIR transmission spectrum shows a broad absorbing band for 
the carbon pellets and showed that C=C stretching vibration. The data also, 
the FTIR transmission spectrum of the carbon pellets carbonized at 1000ºC 
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Figure 8. X-ray diffraction intensity of AC corrected for background line within layer.
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