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Abstract

The effects of the reaction vessel pressure on the BET surface area, pore volume and pore
size of the synthesis of sliced activated carbons (SAC) at 850 °C starting from 0.10 to 0.40
bar were investigated. Other synthetic variables like dwell time, CO, flow rate and heating
ramp rate were kept constant during the whole study. Methodology involves a single step
procedure using the mixture of gases (N, and CO,). During activation of flow rate, the both
gases are kept at 150 and 50 ml/min, respectively. The BET surface areas of the SAC pre-
pared at 0.10, 0.15, 0.20, 0.25, 0.30, 0.35 and 0.40 bar after 30 min of activation time were
666, 745, 895, 1094, 835, 658 and 625 mz/g, respectively. Scanning electron microscopy
(SEM) for surface morphology, energy dispersive spectroscopy (EDS), transmission electron
microscopy (TEM) for nano particle size were also carried out, which confirmeds the same
trend.
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Any type of carbonaceous material [1] can be a
good precursor for the synthesis of activated carbon for
instance oil-palm stones [2], palm shell [3], olive stones
[4], coconut shell [5], nut shell [6], agricultural wastes
[7,8], etc. Date palm tree fronds in the Kingdom of
Saudi Arabia are the waste material from the date trees
during pruning process [9]. This locally available waste
material is ideal for the synthesis. The synthesis steps
of activated carbon from physical method normally
involve two stages, in the first stage it involves the car-
bonization of the raw material in an inert atmosphere
like nitrogen and in the second stage, the activation of
the carbonized products with steam and/or CO,. During
the first stage, i.e., in the carbonization step, all the
volatile matters are released, and the remaining solid
carbon structure is generally called as char. In the sec-
ond stage, i.e., the activation step, the char produced in
the first stage reacts with activating agents to form
activated carbon (AC) with enhanced pore structure
and surface properties. Nevertheless, well modified
activated carbon for explicit application and having a
specific surface area greater than 500 m”> g~* cannot be
easily obtained by simply carbonizing the carbonaceous
materials or biomass above, and due to its ready avail-
ability and stability in production, much study has been
done on coal for the industrial production of activated
carbon [10-13].
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During chemical activation, the raw material is first
impregnated with certain chemicals like phosphoric
acid (HsP0Q,), potassium hydroxide (KOH), calcium chlo-
ride (CaCl,) and zinc chloride (ZnCl,) and then carbon-
ization was carried out in a furnace.

Regardless of the benefits provided by the chemical
activation process, the chemical consumption led to
the secondary pollution problem during the disposal
stage. For that reason, the physical activation consists
of single step carbonization followed by activation
using steam or carbon dioxide (CO,) as the activation
agent is the most commonly used. Yet, since single
stage CO, activation has received lack of scientific res-
earch and there is still limited publication data in the
literature. In view of that, further research work on this
area is deemed very momentous. Through recent pub-
lished research [14], one step activation process on the
coconut shell produces comparable results as the two
step approaches. The benefits of utilizing the single
step activation are due to lower operating time and the
energy consumption. The effect of ramp rate and the
CO, flow rate on the synthesis of sliced activated car-
bon (SAC) from date palm tree has already been pub-
lished [15,16]. The objective of the present work was to
study the effect of reaction vessel pressure on the syn-
thesis of effective SAC from date palm tree fronds by
physical activation.

EXPERIMENTAL
The date palm tree fronds were dried at 105 °C for

8 h to reduce the moisture content followed by the
slicing of the dried fronds with sophisticated wood
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cutter to a size range of 2-3 mm. 4.0 g of the sliced
precursor was used for the study. Pyrolysis was carried
out at a temperature of 850 °C by using Grade 5
(99.999%) nitrogen gas at a flow rate of 150 ml/min
whereas the activation was done with a mixture of
Grade 5 nitrogen and carbon dioxide gas at a flow rate
of 150 and 50 ml/min, respectively. Carbolyte MTF
12/38/250 horizontal tube furnace was used both for
pyrolysis and activation processes. The effects of the
reaction vessel pressure were studied from 0.10 to 0.40
bars during the study and the prepared activated car-
bon was characterized by calculating BET surface area,
pore size, pore volume, SEM, EDS and TEM. Digital
pressure switch, solenoid valve from SMC Japan and
the indigenously developed electronics facilitated the
process to attain the desired pressure within a vari-
ation of £0.02 bar. Fig. 1 shows the schematic of the
process.

RESULTS AND DISCUSSION

BET surface area, pore size and pore volume

BET surface areas, pore size and pore volumes of
the SAC prepared from date palm tree fronds were
determined by N, gas adsorption at 77 K with an
automated adsorption instrument (Gemini VII, 2390
Micromeritics). Prior to the determination, the sample

(about 0.05 g) was degassed for 45 min at 150 °C under
nitrogen to remove moisture and other volatiles from
the sample. The effects of the reaction vessel pressure
on the, BET surface area, pore volume and pore size of
the SAC at 850 °C starting from 0.10 to 0.40 bar are
shown in Table 1.

Decreasing the system pressure from 0.40 to 0.25
bar increases the evolution of volatiles from raw mat-
erials by drawing off organic vapor and uncondensable
gas formed during the activation process in the reactor,
resulting in pore development thus increasing in the
activated carbon. However, further decreasing the sys-
tem pressure to 0.10 bar, results in significant decline
in the BET surface area and pore volume of the acti-
vated carbon. This can be attributed to very fast volatil-
ization of the volatiles generated during the activation
process, which may affect the formation of activated
carbon and decrease the number of pore and even
destroy the pore structures.

From Table 1, it can be seen that the pore surface
area and the pore volume of the activated carbon exhi-
bit identical trends. At the system pressure of 0.25 bar,
the pore surface area and the pore volume have maxi-
mum values of 1094 mz/g and 0.4382 cma/g, respect-
ively. The BET surface area, the total pore volume and
the average pore diameter all reach the maximum at
the system pressure of 0.25 bar, but the pore surface
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Table 1. Effect of reaction vessel pressure on surface area, pore volume and pore size of activated carbon; a-b-c-d-e-f denotes SAC-
-activation temperature ( C)-heating ramp rate ( °C/min)-activation dwell time (min)-CO, flow rate (ml/min)-reaction vessel pressure

(bar)

Sample No. Sample name Surface area, mz/g Pore volume, cm3/g Pore size, A
1 SAC®-850°-10°-30°-50°-0.40" 666 0.2817 16.94

2 SAC®-850°-10°-30°-50°-0.35 745 0.3207 17.21

3 SAC®-850°-10°-30°-50°-0.30" 895 0.3620 16.16

4 SAC®-850°-10°-30°-50°-0.25" 1094 0.4382 16.09

5 SAC™-850°-10%-30-50°-0.20" 835 0.3540 16.96

6 SAC®-850°-10-30°-50°-0.15 658 0.2820 17.13

7 SAC®-850°-10°-30°-50°-0.10" 625 0.2697 17.24
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area and pore volume are lower than those obtained at
the system pressure of 0.25 bar. The result indicates
that system pressure of 0.25 bar is beneficial to deve-
lop the pore structure of activated carbon during phys-
ical activation process. The effects of reaction vessel
pressure on the surface area, pore volume and pore
size of the activated carbons are shown in Fig. 2a and b.

SEM Analysis

SEM analysis was carried out by using Jeol JSM-
-6380 LA instrument. Figure 3 shows the scanning
electron microscope (SEM) graphs for: a) the raw date
fronds. The image clearly shows the surface is curvy
due to cellulose, hemicelluloses and lignin and with less
slit like fractures or cracks. Pyrolysis and activation at
reaction vessel pressure of 0.25 bar produced pre-
dominantly micro porous with a little presence of
mesoporosity as shown in Fig. 3b.

EDS Analysis

Table 2 shows the EDS results of date palm tree
frond and SAC prepared at the optimum condition of
reaction vessel pressure j.e., 0.25 bar. The determined
element content includes carbon (C), oxygen (0), and
other elements. Among the elements, those that
should be mainly focused on are the carbon and oxy-
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gen content. An activated carbon will usually have
higher carbon content than the starting material. In this
case, the carbon content is 57.53% for raw date fronds,
whereas the carbon content increased to 77.83% after
the optimized reaction vessel condition for SAC®-850"-
-10°-30%-50%-0.25' (see Table 1 for definition). This phe-
nomenon is due to the volatilization of H and O atom
from the carbon matrix during the activation process at
high temperature.

Table 2: EDS results (V?) of date palm tree frond and SAC’-
850°-10°-30°-50°-0.25" (see Table 1 for definition)

No. Sample name Carbon Oxygen Others
1 Date Palm Tree Frond 57.83 39.20 2.97
2 SAC®-850°-10-30°-50°-0.25"  77.83 16.16 6.01
TEM Analysis

The pore size distribution observed in the TEM
images was calculated using the program Image J and
plotted in graph. Figure 4a shows the tem image of
SAC®-850°-10°-30%-50°-0.25" and Figure 4b shows the
graphical illustration of the particle size distribution.
The TEM results clearly indicate that the product is
fairly uniform and is present in the form of nanopar-
ticles.
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Figure 2. Effects of reaction vessel pressure on: a) surface area and pore volume and b) pore size.
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Figure 3: SEM micrographs showing the surface morphologies of: a) raw date frond and b) SAC*-850°-10°-30"-50°-0.25 (see Table 1

for definition).
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Figure 4. TEM image of: a) SAC” -850°-10°-30°-50°-0.25 and b) graphical illustration of the particle size distribution.

As per my knowledge there is no data available on
the effect of vessel pressure on the synthesis of acti-
vated carbon from any agro waste material, the liter-
ature shows that the BET surface area of activated
carbon from cherry stones, grape seeds, nut shells,
pistachio-nut shells, almond shells, corn cob, oak, corn
hull, corn stover, rice husk, and pecan shells reported in
the review article [17] and they all have lower BET
surface area and pore volume except the pistachio nut
shell which also has a lower surface area, but has a bit
higher pore volume as compared to the activated car-
bon prepared in this study.

CONCLUSION

SAC prepared from date palm tree fronds at a reac-
tion vessel pressure varying from 0.1 to 0.4 bar. The
pressure of 0.25 bar was found to be optimum, as it
produced SAC with larger surface area of 1094 m’/g
and pore volume 0.4382 cm’/g as compared to the
ones obtained under other pressure conditions studied.
The pore size 16.09 A at 0.25 bar verifies that the
synthesized activated carbon is predominantly micro
porous. This shows that the pressure of the reaction
vessel plays an important role in obtaining high surface
area. Synthesized SAC can be used as effective adsor-
bent for NO,/SO, emission adsorption from electricity
generation plants, purification of gases, sewage treat-
ment and many other applications, the further studies
in this direction are being carried out by the group and
shall be reported later.
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UTICAJ PRITISKA U REAKCIONOM SUDU NA SINTEZU REZNJEVITOG AKTIVNOG UGLIA 1Z LISCA DRVETA URME
Muhammad Shoai,b Hassan M. Al-Swaidan
Department of Chemistry, College of Science, King Saud University, Riyadh, Saudi Arabia

(Naucni rad)

Proucavan je uticaj pritiska u reakcionom sudu na specificnu BET povrsinu,
zapreminu i veli¢inu pora reZnjevitog aktivnog uglja (SAC) na 850 °C, pri prime-
njenim pritiscima od 0,10 do 0,40 bar. Druge promenljive, kao $to su reakciono
vreme, protok CO, i brzina zagrevanja rampe su odrZzavane konstantnim za vreme
¢itavog istrazivanja. Metodologija ukljuCuje jednostepeni proces upotrebom sme-
Se gasova (N, i CO,). Za vreme aktivacije protok oba gasa je odrZzavan na 150 (N,) i
50 ml/min (CO,). BET povrsine pripremljenog SAC pri pritiscima od 0,10; 0,15;
0,20; 0,25; 0,30; 0,35 i 0,40 bar posle perioda aktivacije od 30 min su 666, 745,
895, 1094, 835, 658 i 625 mz/g, redom. Primenjene metode, SEM za ispitivanje
morfologije povrsine, EDS analiza i TEM za ispitivanje veliCine nano Cestica,

takode, pokazuju isti trend.

Klju¢ne reci: Aktivni ugalj e Fizicka akti-
vacija ® Gasna smesa e LiS¢e drveta sau-
dijske urme e Poljoprivredni otpad
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