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Abstract

One of the maximum residences of activated carbon is adsorption capacity,
this significance grows every day in a variety of fields. One of its examples is
water treatment, processing of potable, all of those residences deliver capacity
of activated carbon in smell elimination and flavor in residues of dissolved
natural and color. Activated carbon was made from the carbonization of palm
tree leave’s stems and activated using calcium chloride, then tested with an
increase in reactivity indicated by iodine adsorption test up to 68.6% reactivi-
ty increase in commercial sample and 48.7% in palm tree leaves sample. As
the methods and precursors of activated carbon are very diverse and result in
deferent adsorption properties, the primary test includes: carbonization of
palm tree leaves, size reduction and classification of the charcoal produced,
applying an iodine test on the non-activated sample, activating another sam-
ple with activating agent CaCl, to comparison between the activated carbon
and the non-activated carbon and shows the increasing in the adsorption ca-
pacity for elemental iodine in activated carbon.

Keywords
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1. Introduction

Basic of activated carbon is a mainly amorphous, very porous, excessive sur-
face-region adsorptive substance. It is mostly made up of aromatic carbon atom
combinations linked together via way of means of random cross-linkages. The
difference between the graphite, carbon and activated carbon, the activated car-
bon has groups or atoms which are piled erratically and in an unorganized fa-

shion. Depending at the beginning uncooked fabric and thermal history, the de-
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gree of order varies steam-activated coal has fairly organized graphitic platelets,
whereas chemically activated wood has more amorphous aromatic structures.
Random bonds have numerous fractures, fissures, and voids between the carbon
layers. Activated carbon’s molecular length porosity and the ensuing tremend-
ous inner floor location make this cloth extraordinarily powerful for adsorbing a
huge variety of impurities formation, including the producing of unsightly taste
and odor, growing chlorine call for and formation of disinfection through prod-
ucts [1] [2] [3]. Its numerous applications, along with the more severe con-
straints imposed by new regulatory regulations on the topic on the polluted,
have resulted in a massive increasing in using at activated carbon. When the
amount of contaminants is less than a few hundred parts per million, processing
with activated carbon is frequently less luxurious than different purification sys-
tems, like scrubbing, catalytic reheating or thermal, or adsorption processes [4].
The adsorption process is a sophisticated phenomenon that is entirely depen-
dent on the nature of the adsorption or may be chemistry, adsorbate, and the
conditions of each device phases. It is the most cost-effective and environmen-
tally friendly method for treating water or wastewater for the specific toxins that
are present. Its numerous applications, along with the more severe constraints
imposed by new regulatory regulations on the topic of pollution, have resulted in
a massive increase in the use of activated carbon. When the amount of contami-
nants is less than a few hundred parts per million, processing with activated
carbon is frequently less expensive than other purifying systems, such as thermal
or catalytic reheating, scrubbing, or other adsorption processes. It is the most
cost-effective and environmentally friendly method for treating water or waste-
water for the specific toxins that are present. In comparison to the alternative
typical remedy in water pollutants reduction, it required much less funding in
terms of preliminary value and land, easy work in it, safe influence, and ad-
vanced elimination of natural waste constituents [2]. The morphology of CaCl,
in activated carbons had been synthesized to decorate the quantity of water va-
por was adsorbing at pressuring at low (2/ /). Possible programs for those sub-
stances are in adsorption warmness pumps and desiccant air conditioners. The
ACs had been synthesized from tissue paper with the aid of using chemical acti-
vation with K,CO; and the porous homes had been investigated of some of sub-
stances organized, called neath a number of activation conditions. The maxi-
mum unique floor area (SBET) (1820 m?/g) turned into acquired from the pat-
tern organized with a K,COs/pattern ratio = 1/1 with the aid the mass using, at
900°C will be activated for 120 min. beneath with slowly flow N, (2 L/min). ac-
tivated by CaCl, turned into carried out the usage of 2.4 - 6.5 M CaCl, answers
and an answer extent same to the pore extent of the AC. XPS floor chemical
evaluation found out that the impregnated CaCl, turned into in most cases effi-
ciently with proses are saturated even as the floor CaCl, accelerated step by step
with growing quantity of impregnation. The adsorption of water vapor within-
side the P/ P, variety 0.1 - O.three (AW 0.1 - 0.three) turned into dramatically ac-
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celerated with the aid of using CaCl, saturated, the AWO0.1 - 0.three cost achiev-
ing 0.fifty two g/g withinside the pattern saturated with 70 mass Cl,; this cost is
tons better than formerly stated AWO.1 - 0.three values [5]. The Activated car-
bon incorporates a extensive style of carbonized substances which have a exces-
sive diploma of porosity and floor area. Because of its particular characteristics,
it is several applications in purification of water odour, desalination, refining
and commencing gases, domestic and wastewater treatment, and pollutant re-
moval and medical applications in lots of factors of the planet. Today, numerous
business wastes were accustomed supply atomic number 6 activated carbon
which activation is completed each chemical and bodily. Compared with bodily
activation, chemical activation is extra inexpensive because it concerns decrease
activation temperature, shorter time interval and better carbon efficiency. The
charcoal has a large porous system with chemical activation [6] [7]. The perfor-
mance of the utility of a chemical changed activated carbon floor turned into
investigated. The reason of this have a look at turned into to observe the impact
of remedy with CaCl, answer at a awareness of 2000 mg™ at the nitrate ions of
sorption from aqueous answers in successive sorption/ remedy cycles. The sor-
bent turned into to begin with subjected to chemical remedy by CaCl, and
eventually to the process of the sorption. The Nine cycles of absorption had been
performed. The nitrate ions conc. of withinside the answer had been measured
via way of means of UV-visible earlier than and after adsorption. The perfor-
mance of software overall of chemical of activated carbon modified investigation
ground. The effect of CaCl, solution treated at 2000 mg™ which recognition on
the sorption of ions nitrate from solutions the aqueous treatment cycles/ sorp-
tion. The absorption becomes first of all subjected to chemical treatment with
CaCl, and in the end to the sorption process. Nine sorption cycles were per-
formed. The concentrations of nitrate ions within the solution were measured
thru manner of way of UV-vis spectrophotometry in advance than and after
sorption. The effects show that treatment with cacl, delivered approximately a
large growth in the share removal for each treatment step, undertaking a remov-
al price of 80% of nitrate within the solution after 9 cyclest [7]. The diverse tech-
niques of activated carbon covered from one of the field as agricultural and
business waste fabric and diverse activation remedies the use of a comparative
technique. A evaluation of several characterization strategies is likewise hap-
pened. The impact of temperature and time, activation situations, carbonization
situations and the ratios impregned are defined and numerous bodily and acti-
vation chemically remedies of uncooked substances and their effect at the vo-
lume of mesoporous and micro- and floor location are discussed. Lastly, a evalu-
ation of adsorption mechanisms of activated carbon (AC) is likewise provided
[8]. One of the properties of activated carbon activated with potassium hydrox-
ide. The effect of potassium hydroxide by conc. 1.5:1 - 0.5:1 which seeded at 773
- 973 Kelvin was studied. XRD, SEM-EDS, BET and FTIR, are using to tamarind

seed symbolize belong organize the activated carbon from other. methylene blue
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number, percentage vield, iodine number and initial adsorption check of Fe(III)
are Proximate analysis. The adsorption of Fe(III) been more interesting in the
mean in the column is 30 ml and ferric concentration are 5 - 20 mg/l. The floor
purposeful businesses on carbon which is activated are C-O, C=0, O-H, -COs,
Si-H and C-H. The result XRD ending confirmed excessive a potassium com-
pound are crystal happen in activated carbon. The important factors determined
withinside the activated carbon via way of means of EDS are Si, K, C and O. The
adsorption of iodine and methylene blue was suggested as activated carbon at
the length of pore was variation in macropore and the mesopore. In activated
carbon BET figure region and the length are 67.9764 A and 2.7167 m?/g [9]. One
of parameters of attention adsorption like charge of adsorbate in column, mat-
tress peak of column, go with the drift pH [10]. It was discovered that the ACs
are essentially microporous, with BET floor areas of 783 m? g', 1842 m? g', and
2825 m? g' for AC-1, AC-2, and AC-3, respectively [11] [12] [13] [14] [15].

2. Experimental

Carbonizations and activation process:

The work are classified to three batches: batch 1: commercial charcoal, batch
2: palm tree veins, batch 3: with some condition such as 1-The raw materials for
preparing 2-adsorbent include charcoal with (8-10-30) meshes, pure calcium
chloride powder, Distilled water; the equipment used includes drier (furnace).

Instrumentation and measurement:

The compounds was analyzed at the Microanalytical Laboratory, Cairo Uni-
versity, Egypt using Jasco FT/IR 300E Fourier transform infrared spectrophoto-
meter covering the range 400 - 4000 cm™ was used to record FT-IR spectra of
the ligand and its metal complexes using KBr discs. Where the chemical shifts
were determined relative to the solvent peaks [16].

Prepare charcoal 1* time (patch 2):

The Palm tree veins are cut into suitable size for packing, after packing of
palm tree veins, a hole is made in the top of the can for depressurizing the steam.
The can is heated on stove and monitored until the gases exiting the hole can be
ignited. A use of a bigger can upside down is advised and has 3 main effects.
then the flammable gases (also known as wood gas) cease to exist the process is
said to be almost done. After the flammable gases (also known as wood gas)
cease to exist the process is said to be almost done. The hole is block by a piece
of wood when let it cool. The Unpack and classify. After charcoal production, it
will be crushed to small size avoid powder shape because it is very difficult to ac-
tivated, the suitable size from 1.0 to 5.0 mm To activate the charcoal, The CaCl,
aqueous solution with 25% in mass concentration is prepared. Then the charcoal
is soaked into the aqueous solutions of CaCl, for 24 hour (1440 minute). The
mixture of charcoal and CaCl, is taken out of the solution and rinsed and Placed
in an oven at approximately 150°C for 1 hr.

Prepare charcoal 2 time (patch 3): (as same steps in batch 1 but with
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some tweaks):

1) the wood chops was cut smaller to increase surface area.

2) the insulating (big) can was used from the beginning to the end except last

5 min (to read the process stage) before it 15 min covered and before it 15 min

uncovered (compared to only 30 min usage in the first experiment) Figure 1.
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4. Activation with calcium chloride
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5. Activated carbon characterization (Mixed sample batch 2 and batch 3).

6. Adsorption batch test

Figure 1. Show the summary steps of activated carbon manufacture.

Iodine solution for measuring the efficiency of activated carbon.

After taking one gram of each non-activated sample (com, 1 and 2) and plac-
ing each in a test tube, 2 ml of HCI (5%) was added to each sample to neutralize
any remaining strong base ash that would react with the iodine solution, after
that, a (25 ml) iodine alcohol solution (of 15.75 m molar) added in tubes testing,
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shaken and left for a day, 10 ml solution were extracted from each test tube and

titrated with (31.5 mmolar) sodium thiosulphate solution. the chemical reaction:

2N325203 + 12> Nazs405 + 2Nal

As the chemical reaction progresses (yielding 2Nal, which doesn’t have the
color of iodine] the solution becomes colorless. The amount of the sodium thio-
sulphate used is recorded, then used to calculate how much elemental iodine was
adsorbed by one gram carbon of size mesh no. 8 (non-Activated.) As a parallel
procedure 5 gm of each sample were mixed with calcium chloride solution for a
day, to be activated, then filtered and dried in an oven for (2 hrs) at (150°C), one
gram of each activated sample was subjected to the same iodine test and the
amount of adsorbed iodin is recorded and compared with the results of the

non-activated carbon.

3. Result and Discussion

FTIR analysis

According to the desk of IR absorption Figure 2, The FTIR evaluation of or-
ganized AC(PTL)CaCl, well-known shows a easy spectrum, proven on FTIR
graph parent 1. The height at round 1612.70 cm™ is assigned to presence of car-
bon-carbon bond (C=C) businesses (stretching weak) on surface. Triple ponds
such as (C=C, C=N) businesses in organized AC(PTL)CaCl, had been showed
with the aid of using the height at Around 2095.15 cm™. to the band of (C=C)
shifted little businesses turned into found in organized AC across the rang
2155.13 cm ™. The presence of institution (C=N) is showed with the aid of using
the peaks found at 2360.75 cm™ at the same time as the sturdy wide peak at
3354.40 cm™ is because of the sturdy, large (O-H) stretching alcohol intermole-
cular bonded. A little shift of the bands of medium, large (O-H) stretching alco-
hol looks on the variety 3738.91 cm™ [16].

85

80+

Transmittance [%]

754

70

L 1

3500 3000 2500 2000 1500 1000 500
Wavenumber cm!

Figure 2. FTIR analysis of composite sample (batch 2 and batch 3) of Activated
Carbon activated by CaCl..

DOI: 10.4236/ajac.2022.139023

337 American Journal of Analytical Chemistry


https://doi.org/10.4236/ajac.2022.139023

S. M. Younes et al.

The FTIR spectroscopy divided to 2 particularly area the fingerprint area and
the diagnostic area that approximately degrees at (600 to 1400) and (1500 to
4000) respectively. So, the Diagnostic Region is the principal purpose to become
aware of exceptional feature businesses and now no longer centered on finger-
print area because of hard evaluation and hard interpretation. observed that exist
a huge variety of large with rounded tip stretching peaks in our outcomes and
that in step with presence of O-H institution because of H-Bonding that make
peaks now no longer sharp, weaker, and broader [17].

BET analysis

The useful of isotherms operation in adsorption have veritably range in de-
scribing the commerce at the adsorbate and the adsorbent of any system. The
elements attained on the different models give important information on the
mechanisms belong the sorption, the face parcels also adsorbents affections. It is
more laws and equation for assaying experimental adsorption equilibrium data.
The model of Freundlich and also Langmuir is one of the most acceptable ad-
sorption faces in solute systems. The description of adsorption isotherms, ad-
sorbate proses happen in distribution between the solid and liquid phases when
the system reaches the equilibrium. The analysis of isotherm data by fitting them
to different models is important to find a sustainable model that can be used for
the interpretation of angles. (Figure 3) shows the setting of activated carbon and
the isotherms N,

Adsorption for BET Face area, total severance volume, and mean severance
periphery of the set AC, as determined by adsorption/desorption isotherm of ni-
trogen. It was plant that the set AC has a22.113 m*g™ (BET) specific face area
and 1.4 x 10> cm® g'. total severance volume and other data showed in Table 1,
the mention of area for specific surface of the raw material before the activation
will be 9.0 m? g/l. it will be found that adsorption-desorption isotherms belong
to the type (Ze, isotherms I) of IUPAC classification the type(I) isotherm known
as Langmuir isotherm classified as (mono layer) High affinity of absorption and
adsorption are consider type of this isotherms of it or indicated that the interac-
tion between adsorbent surface and adsorbate is relatively high (chemisorption),
and that the material in question consists mostly of micropores. The distribution
of the size of pore which was preparing activated carbon is plotted in (BJH-Plot).
The pore volume increase, as the microporosity will increase, indicates that the

most suitable pores had size about 2.5 nm [18].

Table 1. Show the adsorbent, BET, Monolayer volume, Total pore volume, Mean pore diameter, Energy constant, classification

and interaction between adsorbent surface and adsorbate of activated carbon.

Interaction

Monol diameter E Classificati

BET Surfaced OnOTYET  Volume pore pore dlameter  Energy AsSTCatON  between adsorbent
Adsorbent Volume (Vm) (mean) dp constant of pores

area. (m? g/1) (Vp) cm3 g/1 . surface and

(cm? (STP) gl) (mm) c (porosity)
adsorbate
AC 22.113 5.0806 1.4 x 1072 2.5207 -62.37 Micropores relatively strong
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Figure 3. Show the absorption and adsorption of activated carbon.
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SEM and EDX analysis

Physicochemical Properties: Surface morphologies of the prepared activated
carbon which Determined by scanning electron micrographs (SEM) Figure 4 of
AC the SEM images of the developed AC adsorbent. The prepared activated
carbon using SEM technique analyzed the adsorption surface. Micrograph of
SEM of activated carbon which activated with CaCl, porous surface was ob-
served at higher magnification. The SEM images observed.

20kV  WDAMGIMSS30

Figure 4. SEM Images (1 - 5 - 10 - 50 um).
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The pores diameter measures with micro-meter (um) range. These images
displayed the morphological properties and megascopic and microscopic tex-
tures of the AC in five magnifying stages (1000x, 2000%, 5000x, 10,000x and,
15,000x). Megascopic images (1000x, 2000x and 5000x) give the shape and size
of the AC, whereas microscopic images (10,000x and 15,000x) clearly showed
the elaborated surface structure of the AC.

The SEM images shows a large fragile cellulosic cavity, which in showed a lot
of Ashe like parts that seems to plug the surface of the pours, as a result of the
carbonization and activation conditions, compared to other SEM images from
the same cellulosic material, the pores are less uniform and often plugged by
Ashe like particles, but the images are showing more pores. The micro-analysis
of the elemental of morphology of carbon observed EDX which observed the
energy dispersive and SEM (scanning electron microscope). Figure 4 and Table
1 are discussion of the micrograph by SEM and composition elemental of acti-
vated carbon which activation at temperature 150°C for one hour. The activated
carbon have external surface which have fully activation with structure porous.
The area of the external surface of activated carbon have pore with different di-
ameters was distributed in the all surface. A lot of components removed from
the raw material (activated by calcium chloride). The activated carbon of EDX
elemental microanalysis are carbon (71%), oxygen (32%), potassium (0.99%).,
calcium (2.5%), color (0.9%) and silica (0.5%), high amount of (C) corresponded
with BET results but low amount of calcium and color it might because they vo-
latile during activation process and those cause pores to be formed and presence
of silica might be due to its presence in the main raw material [19].

Iodine test

The comparison between the activated carbon and the non-activated carbon
showed the increasing in the adsorption capacity for elemental iodine in (patch
3) the most, and also showed highest reactivity increase in (commercial patch)
Figure 5, Table 2 showed the 3 patches iodine adsorption capacity before and
after activation and the Gray line indicating the percentage of which the capacity
increased for each patch, as expected (patch#3) had the most iodine adsorption
capacity after activation (53.25 mg Iodine/gram Carbon) as before (36.85
mgl/gC), following it (patch 2) then (patch 1). this can be explained by the si-
mi-activation of patch 2 and patch 3 in the carbonization procedure, noting that
patch 3 were in higher temperature, higher pressure, and higher steam concen-
tration than patch 2, which explain why patch 3 had more capacity than patch
2.other thing can be noticed, that the increase in capacity for each patch (reac-
tivity increase%) is greatest in the commercial patch (+68.6%), less in patch 2
(+48.7%) and lowest in patch 3 (+44.5%). This can be allocated to different
possible reasons; one could be because the activating/oxidizer agent (calcium
chloride) was more suitable to the cellulosic structure of the commercial patch,
which used orange tree wood as a precursor, while patch 2 and patch 3 precursor

were palm tree leave’s stems.
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Chart 3
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(commercial)

= Before (activation ) mmmm After (activation)
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Chart 4

Patch 3

Patch 1 (comme rcial)

10 20 30 40 50 60

o

m After (activation) m Before (activation)

Figure 5. Chart (3 and 4) relation between charcoal before and after activa-
tion and reactivity increased (%).

Table 2. Show the adsorbed iodine (I./gram carbon) in patch 1, patch 2 and patch 3 for
activated carbon (before activation and after activation).

Adsorbed Iodine Patch 1
. Patch 2 Patch 3
/12 gram carbon (commercial)
Before (activation) 24.6 mg I,/gC 32.76 mg I,/gC  36.85 mg I,/gC
After (activation) 41.475 mg I,/gC 51.72mg I,/gC  53.25 mg I,/gC

Screening and sizing:

The 3 samples namely patch 1 (commercial (as a blank)), patch 2 and patch 3
(resulting from previous experiments) all were crashed by hand and screened
several times to maximize the yield of the chosen size of mesh no. 8, shown in
Table 3.

Figure 6 (Chart 1 and 2), showing the weight of each patch raw course input,
the yield of mesh no. 8 from each raw course patch and the yield percentage of
each, as can be noticed: patch 3 has less yield (21.40%) than patch 2 (24.44%), a

possible reason for that could be due to the semi-activation in the manufacturing
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Chart 1

160 25.00%
140 24.00%

120 )
100 23.00%
80 22.00%
60 21.00%

40 .
20 20.00%
0 19.00%

Patch 1 Patch 2 Patch 3

(commercial)

mmm Coarse Raw patch weight (gm)
mmm Mesh no.8 yield weight (gm)
Efficiency (%)

Chart 2

Patch 3

Patch 2

Patch 1 (comme rcial)
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m Mesh no.8 yield weight (gm) m Coarse Raw patch weight (gm)

Figure 6. Chart (1 and 2) graph between course raw weight
and mesh no. 8 weight.

Table 3. Includes the weight of the 3 patches and the comparison between their efficien-
cies.

Patch 1 (commercial) Patch 2 Patch 3

Coarse Raw patch weight (gm) 151.1 (gm) 90 (gm) 129.5 (gm)
Mesh no. 8 yield weight (gm) 36.87 (gm) 22 (gm)  27.7 (gm)
Efficiency (%) 24.4% 24.44% 21.4%

procedure of the charcoal, at which patch 3 was exposed to higher temperature,
higher pressure and more saturation of steam, than patch 2, which in turn made
more pores in the carbon structure of patch 3, making it more brittle, and sus-
ceptible to finer fragmentation upon impact in the crushing process, another
possible reason or more of a disclaimer, is that the crushing processes were ex-
ecuted by hand, so identical crushing procedures cannot be guaranteed, and an

increase in the crushing time and power in patch 3 might be the reason. None-
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theless patch 1, patch 2 and patch 3 were very close in their yield (24.4%, 24.44%
and 21.4% respectively.

4. Conclusion

The activated carbon manufacture is very fixable where you can carbonize any
waste plant to charcoal. In this search we work in three batches 1) commercial
charcoal sample, 2) vein of palm tree 3) palm tree with some precursor, when
sample batch 2 and batch 3 are carbonization to have charcoal then three batches
work on activation of the three. As data and result show that the best one in ac-

tivation is batch 3 to have good activated carbon with efficiency.
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