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Abstract

Solid carbon pellets (SCPs) were prepared from self-adhesive properties of date palm leaves
(Phoenix dactylifera L.), primary pre-carbonized at low temperature, milled to fine grain,
powdered, and pelletized as a grain pellet by applying of (5-21) metric tons of compression load,
to carbonization at 1000 °C. The SCPs produced were analyzed in terms of the volume
shrinkage, carbon yield, crystallites dimensions and electrical conductivity of the solid carbon
pellets as a function of compression load. The values of the electrical conductivity were further
analyzed in terms of percolation theory to estimate the critical density of the SCPs produced. The
results show that the volume shrinkage and carbon yield after carbonization were in a range of
54.0-64.8% and 26.98-32.4%, respectively, indicating that the body is physically shrinking to
maintain its structural integrity. X-ray diffraction intensity shows that the structures of the SCPs
are non-graphitic, and their crystallite dimensions are improved by increasing the compressive
load. The dooz, Lc and La data were found to obey the linear relation of dooz versus 1/ Lc and 1/ La,
as Lc and La approach infinity. The electrical conductivity was varied with the compression load
and 19 metric tons is a higher value than the others. The critical density of the SCP obtained
from the percolation theory was 0.025 g/cm?,

Keyword: Date palm leaves, grain pellets, carbon pellets, volume shrinkage, carbon yield,

crystallite dimensions, electrical property, critical density.
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1. Introduction

Carbon materials have attracted great attention in the last decade because of their numerous
applications, such as electrical carbon brush (Tang et al., 2005), super capacitor (Pandolfo and
Hollenkamp, 2006), electrochemical capacitors (Inagki et al., 2010), catalyst and catalyst support
(Lam and Luong, 2014), and double layer capacitors (Arof et al., 2012).Carbon material has been
made using a wide range of raw materials: biomass, petroleum coke, rank coals, bio-pitch, bio-
oil, polymer in different forms powder, granular and pellets without or with filler reinforcements
(Aso et al., 2004; Chunlan et al., 2005; Saeed et al., 2010, Dhyani and Bhaskar, 2018; Zhang et
al., 2019; Lu et al., 2020; Wang et al., 2020) The pellet form is particularly useful because it is
dense or contains particle sizes closed together in a solid manner. In addition, the shape of pellet
form can provide a more fundamental understanding of the physical properties of carbon and the
interactions that occur at its surface (Fatima et al., 2022). Several biomass materials have been
tested to prepare carbon materials such as shells of mata kucing (Dimocarpus longan) fruit (Arof
et al., 2012), cellulose (Adinaveen et al., 2016), date palm stones (Ahmed, 2016), oil palm
wastes (Rashidi et al., 2017), lignocelluloses (Gonzalez, 2018) and date palm leaves (Fatima et
al., 2022), found to be chemically stable in the environment. Frequently, it required careful
preparation to improve it is physical and electrical properties and application. For example, the
addition of metal material to improve it is electrical and mechanical properties (Kercher and
Nagle, 2002; Deraman et al., 2004; Yan et al., 2016).

Characterization of the carbon structure can be made in terms of crystallite dimensions (dooz, Le,
and La) of the graphitic-like structure that are randomly distributed and oriented throughout the
sample. Small graphitic-like structures reflect to disorder a structure which is sensitive to higher
porosity content (Benedetti et al., 2018). It is well established in carbon materials that the
mechanical properties of the carbon fibers are improved by increasing the crystalline and
orientation, by electing a highly oriented precursor and then maintaining the initial high
orientation during the carbonization process (Fatima et al., 2022). the electrical conductivity of
carbon pellets prepared from oil palm empty bunch increased with the increasing molarities of
nitric acid (HNO3) (Deraman et al., 2002). Additionally, for the petroleum coke and graphite, it
has been found the electrical conductivity and bulk density increased with increasing heat

treatment temperature (Kim, 2001).

WWW.ajrsp.com 6



http://www.ajrsp.com/

Academic Journal of Research and Scientific Publishing | Vol 4 | Issue 45 AJRSP
Publication Date: 5-1-2023  ISSN: 2706-6495 '

In the present work, the date palm leaves are being used for preparing solid carbon pellets
because they're abundant, can be collected in a large amount and have low ash content. Primary,
palm leaves were pre-carbonized at low temperature, milled into fine grain powder to improve its
self-adhesive properties (Deraman et al., 2004), before being converting into a pellets by
applying different compression load without adding any binder The objective of this work is to
preparation solid carbon from date palm leaves by compression load, and attempt to establish
various relationships between volume shrinkage carbon vyields, crystallite size sand electrical
conductivity of the solid carbon pellets as a function of compression load. The results of
electrical conductivity were analyzed in term of percolation theory the estimate a critical density

threshold. An X-ray diffraction programs is also applied to estimate the crystallite dimensions.

2. Material and Methods
Date palm leaves were pre-carbonized at 280 °C in a vacuum chamber for 4 hours, to cause them
to shrink and break the date palm leaves microstructure, followed by ball milling for 20 hours
milling time to produce a fine grain powder. About 2g of each grain powder was pelletized as a
grain pellet by applying of 5, 7, 9, 10, 11, 12, 13, 14, 15, 17, 19 and 21 metric tons of
compression load (354.175 x 10* N m) in a mold of 2.75 cm diameter. These grain pellets were
carbonized up tol000 °C in a nitrogen environment using a multi-step heating profile
(VulcanBoxFurnace3-1750). Programmed as1°C/min from room temperature to 375 °C where it
was held for 1 hour before heating was resumed at 3 °C/minto 800 °C and then 5 °C/min to 1000
°C, where it was finally held for 5 minutes. Then system was automatically allowed to cool down
naturally to room temperature.Then washed thoroughly with hot distilled water to remove the
impurity and dried at 100 °C for 2 hours. Results are given as the average from 5 replicates of
each sample and analyzed as a function of compression load (CL) at room temperature.
Measurements of the pellets dimensions before and after carbonization were carried out using a
micrometer and the bulk density was determined by dividing the weight of the sample with its
volume. The percentage of volume shrinkage and the carbon yield was calculated from the

volume and the weight of the samples before and after carbonization.

Selected ACP samples were crashed into powder and mixed with KBr and compacted to form

thin pellets.
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The FTIR spectra were collected using a RFX-65 spectrophotometer capable of a maximum
resolution of 0.12 cm? 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 were scanned from 400 to 4000 (cm™), with averaging 10 scans at 1.0 cm™ intervals with a

resolution of 0.25 cm™.

The XRD diffraction intensity of the CPs was analyzedusing (Bruker Advanced Solution AXS
D8) equipment, with Cu K, radiation and 1.5406 A wavelength (1). The pellets were scanned at
2 6between 10° and 60°, with a step size of 0.04°. The diffraction intensity was corrected for the
instrumental line broadening (Andrew and Dennis, 2002).Then diffraction intensity profiles
recorded were fitted into a symmetrical Gaussian distribution. The crystallite dimensions (La, Lc)
of the graphite-like crystallites can be calculated from the diffraction intensity using the Sherrier
equation (1) and Warren’s correction for the instrumental line broadening, by using Trace 1.4
programVarian 5 from Diffraction Technology PTG LTD, Australia. This program refines the
intensity of each peak (as a separate variable) smooth the peak shape, as well as subtracts the

background line and eliminates the Kow.-peak from the diffraction intensity.

LY
“* B, c0s0

D
where @ is the scattering angle position, K is a shape factor which is equal to 0.9 for L. and 1.84

for La, /&, a iIs the width of a reflection at half-height expressed in radians. The relationships

between doo2, Lc and La can be deduced by assuming a well known condition that for large L. and

1 1 1 1
L, (L— andL— ) approaches zero, then doo2 versus(L— andL— ) should follow a linear

c a c a

equation given as (Abubaker et al., 2006, Fatima et al., 2022)

a
Aoy =, + L—2 (2)

a
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where a1 =3.354 A is the interlayer spacing of pure graphite and o2 is a constant (e.g., = 9.5 for
La).
DC electrical conductivity (o) was measured using the four-point-probe equipment (Keithley

Micro-Ohmmeter) and the electrical conductivity (c) given as:

o=— 3

Where d is the sample thickness, R (€2) is the electric resistance and A is the area of the sample.
First, the carbon samples were polished both sides, second, the electrical conductivity of graphite
was used as the standard value to verify the accuracy of the measurement. The obtained results
of were analyzed in terms of the percolation theory threshold above critical density (pc)

(Chunsheng and Yiu, 2008) given as

O""(,O'/)c)t (4)

where p is the bulk density, pc is the critical density and 7 is the power constant (~2) for the three
dimensional. By plotting of log o versus log (p-pc) for p>pc for various values of pc leads in
every case to a straight line, with the slope of t.

3. Results and Discussions
3.1. Volume Shrinkage

The palm leavesis the lignocelluloses composed of cellulose, hemicelluloses and lignin as mean
products. The weight loss was attributed to lignin and hemicelluloses firstly, decomposed at
lower temperature and finally cellulose decomposed reasonably at 360 °C in terms of moisture,
tar, and gases, such as Hz, CO, CO, and O, (Dhyani and Bhaskar, 2018). Table 1, summarized
the data of the solid carbon pellets before and after carbonization process. The bulk solid density
increased but the apparent density decreased slightly after carbonization despite losing
considerable weight and significant volume shrinkage. Similar behavior for carbon pellets from
oil palm materials (Deraman et al., 2002) and cotton cellulose (Abubaker et al., 2006).

The volume shrinkage of the carbon pellets decreases with increasing compression load and

becomes saturated at a higher CL.
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This indicates that the compression load in the grain powder has an intrinsic tendency to reduce

the volume shrinkage of the carbon pellets during the carbonization process due to squealing the

particle size together in a solid manner.

3.2. Carbon Yields

Table 1 show the total yield of the carbonization process decrease at lowered load and further

fluctuated at higher compression loads in a range of 26.98-32.4%, which is found similar to

those of biomass olive stones treated with phosphoric acid (Yakout and Sharaf EI-Deen, 20016).

5 metric tons of compression loads is exhibit a higher yield than the others.

Table 1: Metric Tons, Thickness (Ti, T2), Diameter (D1, Dz), bulk Density (po1,02), volume
shrinkage % and carbon yield % of the solid carbon pellets, before and after Carbonization

Grain Pellets Solid Carbon Pellets

Metric T1 D: p1 T2 D: p2 VolumeShrin | Carbon

Tons | (mm) | (mm) | (g/cm®) | (mm) | (mm) | (g/cm?®) kage % Yield %
05 0.275 | 2.707 | 1.2439 1.99 | 19.60 1.063 64.8 32.40
07 0.264 | 2.716 | 1.3452 1.82 | 19.57 1.072 54.6 27.29
09 0.258 | 2.717 1.408 1.77 | 19.51 1.124 54.0 26.98
10 0.253 | 2.712 | 1.4669 1.79 | 19.45 1.212 59.3 29.66
11 0.251 | 2.703 | 1.4954 1.81 | 19.37 1.222 60.9 30.45
13 0.25 | 2.707 | 15051 | 1.80 | 19.37 1.293 63.7 31.87
14 0.248 | 271 | 15278 | 1.79 | 19.38 | 1.256 61.3 30.63
15 0.247 | 2.704 | 1.5436 1.77 | 19.34 1.281 61.0 30.48
16 0.246 | 2.714 | 1.5505 1.79 | 1941 1.244 60.8 30.38
17 0.245 2.71 1.5654 1.77 | 19.38 1.298 61.9 30.95
19 0.244 | 2712 | 15771 | 1.79 | 19.39 | 1.323 64.6 32.28
21 0.244 | 2.709 | 1.5789 1.77 | 19.37 1.276 60.8 30.41

SIG-K 1.540
a 31-36.8

Note: SIG-K (Sigradur K) (Deraman et al. 2002) 2is the carbon from the olive stones (Yakout

and Sharaf-Ei-Deen 2016).
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3.3.FTIR
For the SCPs treated from 5 to 21 metric tons of load, the spectra showed a broad band at 1652
cm-1 due to C=C stretching by the aromatic rings (Jia and Aik 1999) or it may be caused by the
C=0 stretching vibration of carboxyl or carbonyl groups. The band at 2950 cm-1 represents -CH
stretching in the olefins or acetylene rings. For KOH treatment above 10 CLM, the FT-IR
transmission spectra did not show any stretching band. Possibly, the carbon samples had a more
amorphous structure, increasing the bond angle sufficiently to have had bands in slightly
different positions from those in the crystalline phase. Otherwise, it reflects a homogenous

structure in the carbon grain particles when it was prepared by a higher CL.
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Figure 1: FTIR D of the solid carbon pellets

3.4. X-Ray Diffraction and Crystallite Dimensions

Figure 2 shows the X-ray diffraction of SCP contains two broad diffused at (002) and (100)
peaks in roughly the same position as the peaks of pure graphite, results in a non-graphitic
carbon structure (Song et al., 2011; Kristin et al., 2014). Similar observations have been shown
on carbon -based petroleum coke (Lu et al., 2010). The order in the crystal is usually both
positional and oriented, in that the molecules are constrained both to occupy specific sites in the

lattice and to orientate their molecular axes in specific directions.
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The diffraction intensity has been corrected to the background line, and instrumental boarding,
and then fitted into the Lorentz distribution curve, as shown in Figure 3. As the diffraction
profile overlaps and consists of four broad incomes peak, i.e., (002), (100) and (004), located at
approximately 24.2°, 43.59°, and 52.0° 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 3.
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Figure 3: XRD intensity corrected to background line and fitted to Lorentz distribution curve
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The doo2 Spacing of the carbon pellets produced is larger than that of graphite (i.e., doo2 = 3.354
A), reflecting the lower ordered structure. Also, doo decreased with increasing compression load,
indicating that a higher pressure gives a more crystalline structure as a consequence of the
decreasing decrease in the doo2Spacing of the SCPs produced as shown in Figure 4 and Table 2.
The result also showed that both the L. and L. increased rapidly with increasing compression
load from 5 to 12 metric tons of compression load, indicating an improved crystalline structure
in the SCPs. Therefore, 16 tons of load gave the highest values of L and La, indicating that this
pressure was sufficient for pelletizing grain powder. Above 16 metric tons, the values fluctuated,
probably due to stress behavior at a higher compression load used for the pelletizing (Figure 5).
This finding indicates that the compression load used for the pelletizing improved the crystalline

dimensions of the SCPs produced.

From the data in Table 2, the values of doo2, Lc and La were compared to those of carbon made
from phenanthrene and carbon from polyvinyl chloride (PVC) (Aso et al., 2004), carbonized at
the same temperature, i.e., 1000 °C. The values of L. and doo2 are in good agreement but La is
lower than the values reported previously (Aso et al., 2004). The crystallite parameters of carbon

samples, i.e. (dooz2, Lc and La) were observed to increase with increasing CL.

Table 2: Crystallites parameters (Lc, La, doo2) and the electric conductivity of the SCPs

Metric Lc La dooz o (Q. m?!

Tons (A) (A) (A) X 10°
05 155 27.14 3.70 0.172
07 16.3 27.94 3.69 0.174
09 17.3 29.69 3.67 0.184
10 17.9 30.65 3.66 0.202
11 17.1 29.69 3.67 0.204
13 16.3 27.94 3.69 0.219
14 17.9 30.65 3.66 0.211
15 16.8 28.79 3.68 0.216
16 18.0 31.67 3.65 0.208
17 16.3 27.94 3.69 0.220
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19 17.4 30.65 3.66 0.225
21 16.1 29.69 3.67 0.215
PVC-1000 16.0 -
AC-Type H 32 3.60 -
AC 27.57 3.70
graphite - 1

Note: PVC-1000 is for carbon precursor Polyvinyl chloride (PVC) (Aso et al. 2004) carbonized
up to 1000 °C. Activated carbon (AC) from cotton cellulose (Abubaker et al., 2006), AC-Type H

is the commercial activated carbon (Saeed et al., 2014)
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Figure 4: crystallites dimensions (La and L) versus CL

Our analysis of the doo2 versus Lc and La was also found that obeyed the linear relation of doo2

versus 1/ Lc and 1/ La, where doo2 approached the value for pure graphite as L. approaches

infinity as shown in Figures 4 and 5. The linear equations are given as the following:
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dogo = 3.342+5|'_—62 (5)
doo, = 3.354+¥ (6)

a

This linear correlation indicated that an improvement in the crystallite dimension occur
simultaneously with the increase of La.
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Figure 6: doo2 versus 1/La
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3.5. Electrical Conductivity
The plot of electrical conductivity of the SCPs versus compression load is shown in Figure 6.
The data in this figure show that the electrical conductivity of carbon pellets slightly increased
with the increase of compression and exhibited its higher value at 19 tons pressure and then
decreased. The increases in electrical conductivity are expected due to an improvement in its
microstructure or preferred orientation. The electrical conductivity of the SCPs is less than that
of a standard value of (SIG-K). This can be explained by the fact that during carbonization the
volatile component is the interlayer’s distance and pore size of the CPs, which reduces the
amount of solid to conduct electrons. Or it’s probably because of volatile organic matter
microcrystalline, and more or less hydrated in organics substance (ash) may be considered as an

insulating material.
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[
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Figure 7: Electrical conductivity versus CL

3.6. Percolation Theory
The electrical conductivity is based on percolation theory, corresponding to the ACPs whose
densities are located above its critical density (p >pc) by fitting log ¢ versus log (p — pc). This
fitting was made by varying the values of pc until the best linear curve fit is obtained, with the
slope of 1.21 which is lower than the accepted universal value of t ~ 2 (Chunsheng and Yiu,
2008).
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The intercept at the y-axis is 1.23, and the fitting value of pc was found to be 0.025 g cm™, which
represents the percolation threshold (critical density) for SCPs produced. This value is half of
the percolation threshold of the graphite backbone (i.e., 0.05 g cm=) measured by Celzard et al.,
(2002). As follows from Table 2, the percolation theory was found to have a good correlation
with the bulk density of the carbon samples, and it was interpreted by the increase in the bulk

density of the carbon samples above 0.025 g cm™,

240

1 ¥ =2.21085+1.20984 X
236

| Slope = 1.21
—232 4

000 002 004 006 008 010 012 014 0.16
Log (p-p)

Figure 8: log (E. cond.) versus log (p-pc)

Table 3: bulk density (p), electrical conductivity ( o), Log (¢) and Log (p-pc)

p (g/cm?3) o(Q.cm)? Log (o) Log(P-Pc)
1.063 172 1.2355 0.0204
1.072 174 1.2406 0.0241
1.124 184 1.2648 0.0449
1.212 202 1.3054 0.0781
1.222 204 1.3096 0.0817
1.293 219 1.3404 0.1065
1.256 211 1.3243 0.0938
1.281 216 1.3345 0.1024
1.244 208 1.3181 0.0896
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1.298 220 1.34242 0.10823
1.323 225 1.35218 0.11661
1.276 215 1.33244 0.10072

4. Conclusion

The volume shrinkage and carbon yield reasonably varied with the compression load. FTIR data
above 9 metric tons of compression pressures did not show any absorption band indicated non-
carbon components had been released, forming a solid sample with a uniform structure. The
crystallite dimensions of the carbon pellets (doo2, Lc and La) were observed to increase and
decrease with increasing compression load. Also, increasing compression load increases the
electrical conductivity of the carbon pellets produced, up to 19 metric tons of compression load.
Justifying, thatan improvement in the inter-particle bonding,and more free carriers are created
due to sequels the particle size together in asolid manner. The percolation theory found that

0.025 g/cm? is the critical density of the solid carbon pellets produced.
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