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ABSTRACT

Activated carbon is highly valued for its versatility and extensive industrial use. Walnut (Canarium vulgare Leech), an
indigenous Indonesian plant primarily found in Eastern regions like Maluku and Tidore islands, produces shells that can
be converted into activated carbon. This study involved obtaining carbon from walnut shells through pyrolysis at 360 °C
for 6 hours, followed by activation in a 3M KCl solution for 24 hours. The activated carbon was analyzed using Fourier
Transform Infrared Spectroscopy (FTIR), Scanning Electron Microscopy-Energy Dispersive X-ray (SEM-EDX), and X-ray
Diffraction (XRD). FTIR analysis revealed functional groups including N-H, Ar-H (aromatic), C=N, carbonyl CO, and
ester CO. SEM images showed a non-homogeneous structure in pyrolyzed and KCl-activated carbon. After activation,
the pore diameter distribution increased significantly from 496.2 nm to 1,226 um. EDX analysis indicated a rise in
carbon content from 85.40% after pyrolysis to 86.50% post-KCl activation. XRD diffractograms suggested amorphous
structures in both forms of carbon, as indicated by loose peaks and broad diffraction patterns. This research introduces
the novel use of KCl as an activator to enhance the porosity of walnut shell-derived activated carbon. The KCl-activated
carbon demonstrated an ability to remove 0.122 mg/L of Fe(Ill), achieving 16.78% Fe(IIl) absorption in 150 minutes.
These findings suggest that KCl-activated walnut shell carbon could be an effective alternative absorbent for clean water
treatment in the future.

Keywords: Carbon, FTIR, KCl-Activator, SEM-EDX, Walnut shells, XRD

Introduction sustainability.! Walnut shell has a solid physical

structure that is good enough to be used as carbon.

A walnut shell is a part of a walnut that is not
utilized by people and is disposed of as waste. Hence,
it is considered to have no economic value. The
abundance of walnut shells is a natural biomass ma-
terial considered waste and has no economic value. If
these walnut shells are not processed or utilized into
useful products, the waste can affect environmental

Around 86 tons of walnut shells annually in Indonesia
are not utilized optimally; some are only used as
firewood. Turkey is the fourth largest producer of
walnuts, producing 180,807 tons of walnuts in 2014.
The potential number of walnut shells in Turkey can
be estimated at 96,732 tons annually. It is not used
in industry except to be burned directly, and the rest
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is discarded away.? The surface and shells of walnut
seeds are the primary source of lignocellulosic. This
agricultural waste has become the primary source
of porous carbon for environmental protection and
ecological sustainability.>> Waste materials such as
walnut shells, coconut shells, chitosan, and rice husks
are used for porous carbon because the carbohydrate
structure is renewable. ®” Walnut shells have been re-
ported to be produced into activated carbon by pyrol-
ysis.® The chemical composition of the walnut shell
consists of 39.24% cellulose, 38.00% lignin, 11.72%
water, 9.25% hemicellulose, and 1.79% ash, extrac-
tives (10.2%); the highest amount belongs to water
extractives 4.6%, followed by dichloromethane 2.9%
and ethanol 2.7%.° The main products from the py-
rolysis of walnut shells are 36.80% charcoal, 42.58%
liquid smoke, 4.48% tar, and 15.79% incondensable
volatile gas components.'° Walnut shells carbon has
hydroxyl groups (R-OH), carbonyl groups (RC=0),
esters (R-CO-OR’), alkanes (R-CHj;), carboxyl groups
(R-COOH) and aromatic groups (R-CH).!'’'? Be-
sides generating carbon, this heating or decompo-
sition process produces gases, liquids, smoke, and
carbon.

Walnut is a Juglandaceae regia tree family and
belongs to the dried fruit family. Farmers widely cul-
tivate walnuts because they are a nutrient source for
people, but it has resulted in a lot of waste in the
form of walnut shells, which have been thrown away.
Research about converting walnut shells into useful
substances has been widely developed. Based on the
research, the walnut shell can be used as a super-
capacitor device. The method converts walnut shells
into an energy storage approach, the morphologies of
walnut shells provide a large surface area in the form
of mesopores or micropores, and the last is the easy
preparation method. '* The other advantage of walnut
shells is as an adsorbent. First, the walnut shell is
processed to become activated carbon and is applied
as an iodine gas capture. Walnut shells have a lot of
advantages, mainly because they are low cost, have
easy preparation processes, and have a large surface
area. '°> Walnut shells’ activated carbon is widely used
as an adsorbent. Another research study showed that
walnut shell-activated carbon can be used as a hy-
drogen gas adsorbent. The characteristics of walnut
shells make them suitable for adsorption and have
many other advantages. Low-cost walnut shell-based
carbons are activated by potassium hydroxide and
produce activated walnut shell carbon with a large
surface area in the form of microporosity. It is one
of the promising advantages and processes of walnut
shell waste. The process follows a carbon capture
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system and storage to reduce CO, emissions from
industry or motor vehicle waste to the atmosphere.
Based on this case, so the selective adsorbent must be
chosen. The characteristics of the adsorbent should
be solid material, low cost, excellent and high surface
area, large pore volume, good thermal and chemical
stability, ability to be recycled, excellent mechanical
resistance, affinity towards CO,, and faster kinet-
ics. Walnut shells’ activated carbon can also be used
in food, beverage, and automobile.'® The other re-
search on activated carbon walnut shell-based is as
a monoethanolamine (MEA) bio-adsorbent solution
to enhance carbon dioxide absorption. This research
successfully used the walnut shell from walnut trees
in the Anzali Port of Iran.'”

Pyrolysis is a heating process at a high temperature
or a predetermined temperature in a room without
oxygen, and activation is how to activate the carbon
using chemicals. !® The activation process aims at the
pore-diameter carbons.'® Activation is required for
the porosity of the carbon and increasing the sur-
face area of the activated carbon.?’ Activated carbon
can be obtained through chemical processes, such
as KOH, NaOH, K,CrOs, ZnClg, FC13, H5SOy4, HCI
and H3PO4.%'"2* Among the existing hydroxy alkalis
(NaOH, LiOH, and KOH), KOH is the most effec-
tive activator widely studied.?>~?® Active hydrochar
H3PO, derived from hickory wood and peanut shells
has been previously reported, and it was found that
the chemical modification significantly increased the
adsorption capacity of the hydrochar to acetone and
cyclohexane.?%?° The nature of activated carbon is
widely used as an adsorbent or adsorbent in the phar-
maceutical and food industries. 33!

In this study, walnut shells were taken from
the mountains in the Tidore Islands Regency. This
study aims to synthesize the activated carbon from
walnut skin waste through pyrolysis and activate
it with potassium chloride solution (KCI). KCI has
been used as a chemical activator in manufacturing
activated carbon from cassava peels.>’ Due to
its relatively high absorption capacity for iodine of
792.427 mg/g and absorption capacity for methylene
blue of 19.925 mg/g.>® After the carbonization
process, the carbon is activated chemically with
the help of a chemical solution such as an H,SO4,
KOH and KCl solution.®*3¢ The KCI activator is a
substance or chemical compound that functions as an
activating reagent, and this substance activates the
carbon atoms to improve their absorption capacity.
Based on a literature search, KCI is not used as an
activator to make activated charcoal, especially from
walnut shells. The resulting synthesis of activated
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walnut shell charcoal will be applied as an absorbent
to absorb iron in drilled well water from Tataaran
Tondano village.

Compared to other activators, the advantage of us-
ing the KCl activator is that KCl binds water and
causes the water firmly bound to the carbon pores to
be released during carbonization. The KClI activator
will enter the pores and open the closed charcoal
surface. Apart from the KCI activator, it can open
closed pores and create new ones. Thus, when heat-
ing is carried out, the impurity compounds in the
pores become more easily absorbed so that the sur-
face area of the activated carbon becomes larger and
increases its absorption capacity. Walnut shell car-
bon resulting from pyrolysis and chemical activation
was analyzed using Fourier Transform Infrared (FT-
IR), Scanning Electron Microscope (SEM),>” Energy
Dispersive X-ray (EDX), X-ray diffraction (XRD) and
ASC-7000 Shimadzu instruments.*® Meanwhile, this
research used the pyrolysis method and fragmenta-
tion of KCl-activated walnut shell carbon powder to
produce activated carbon with a macro-pore size of
1,020-1,226 pum. This research’s novelty is that no
information explicitly using KCI activator to increase
the porosity of activated carbon from walnut shells is
available.

Materials and methods
Tools and materials

The research was conducted from April to Septem-
ber 2023. The preparation and pyrolysis occurred at
the Chemistry Laboratory of Universitas Negeri Man-
ado, North Sulawesi, Indonesia. The characterization
analysis was conducted at the Chemistry Laboratory
of Universitas Negeri Malang, Surabaya, Indonesia.

The tools used were glassware, porcelain cups,
100 mesh sieve, desiccators, crucibles, mortar, pes-
tle, oven (Memmert UN110), and furnace (Thermo
Scientific Lindberg/Blue). Fourier Transform Infrared
Spectrophotometer (FTIR) Shimadzu IRPrestige-21
(Japan), Scanning Electron Microscope-Energy Dis-
persive X-Ray (SEM-EDX) FEI Inspect-S50 (USA),
and X-Ray Diffraction (XRD) PANalytical X’Pert PRO
(Netherlands) were recorded at the Chemistry Labo-
ratory of Universitas Negeri Malang and ASC-7000,
AAS Shimadzu (Japan) at the Class I Environmental
Health and Disease Control Center.

The materials used were walnut shells from the
Tidore Islands district, North Maluku, Indonesia,
potassium chloride (ACS reagent, >99%, powder)
was purchased from Sigma-Aldrich, distilled water
(WaterOne, >99% purity), and other chemicals.
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Methods

Sample preparation

Walnut shell samples (3 kg) were separated from
their outside fruit skin, cleaned, and dried under the
sunlight to remove water content. Walnut shells were
pyrolyzed at the temperature of 350 °C for 6 hours.
The walnut shell carbon (WSC) was allowed to cool
before being ground using a mortar. After that, the
grounded WSC (500 g) was sieved (100 mesh). As
much as 20 g of sieved WSC was soaked in 3M KCl
solution for 24 hours, and then it was washed with
distilled water until pH became neutral at +7. The
residue dried in an oven at 110-120 °C for 4 hours.
Subsequently, it was stored in a desiccator until the
carbon stabilizes. %°

FTIR analysis

The sample preparation for FTIR measurements
involved creating KBr pellets using a ratio of 1:10
(carbon: KBr). The FT-IR measurements were con-
ducted using the FTIR Shimadzu type IRprestige-21
(Japan) at the Materials Laboratory, University of
Malang. The spectrophotometer works within a scan
range of 4000-400 cm™!, a resolution of 4cm™!, and
a scan of 4.0 s. The IR Solution application was uti-
lized for spectrum measurements, peak detection, and
determination of functional groups.

SEM-EDX analysis

The SEM-EDX instrument used was SEM-EDX, FEI
Inspect-S50, equipped with EDX analysis from AM-
ATEX EDAX Type Element (USA) at the Materials
Laboratory, University of Malang. The SEM is com-
plemented with an Energy Dispersive X-ray device,
which uses high-speed electron shots with a 15-
20kV voltage. Morphological analysis can produce
images up to 1,000,000x. The EDX analysis of AMA-
TEX EDAX Type Element uses a Silicon Drift detector
(SDD). 28,39

Carbon absorption capacity analysis

This study aims to test the carbon absorption capac-
ity of iron in drilled well water using the ASC-7000,
ASC Shimadzu (Japan), at the Materials Laboratory,
University of Malang.

XRD analysis

X-ray diffraction analysis is a fundamental method
for evaluating the carbon structure or determining
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the crystal structure. %373 The X-ray diffraction in-
strument was XRD, PANalytical X’Pert PRO (the
Netherlands) at the Materials Laboratory, University
of Malang. The instrument works at a wavelength of
1.54 Angstrom, a frequency of 12 Hz, and an energy
of 250 eV.

Results and discussion
FTIR analysis

FTIR analysis determines the functional groups
present and lost after carbon is activated based on
the absorption band pattern (wavenumber; v, cm™1).
The results of the FTIR characterization of pyrolyzed
walnut shell carbon as control and KCl-activated are
shown in Fig. 1, and their interpretations are shown in
Table 1. The FTIR spectrum of KCl-activated walnut
shell carbon has different absorption band patterns.
A comparison of the two spectra shows that after KCI
activated carbon, there was a sharp increase in ab-
sorption intensity at the wave number 3444.87 cm™!,
which indicates the N-H functional group. The ad-
sorption band 3438 cm™! correspond to the N-H free
group’s amide or amino. *° The strain absorption shift
occurs at a wave number of 2924.09cm~! which
shows the aromatic C-H (Ar-H) functional group30
absorption intensity. The absorption shift occurs at
a wave number of 2320.37 cm™!, with a moderate
absorption intensity indicating the presence of the
C=N functional group. The absorption shift occurs
at a wave number of 1583.56cm™!, and the sharp
absorption intensity indicates stretching of the C=0
carbonyl functional group. The 1634-1635 cm-1 band
indicated C=0 stretching of carboxyl or carbonyl
groups. *1*> The absorption shift occurs at a wave
number of 1045.42 cm™!, which is the sharp absorp-
tion intensity of the C-O ester. The relatively extreme
band at around 1230cm™! is assigned to the aro-
matic ester C-O bonds. “>**> The absorption intensity
widens, indicating the bending of the Ar-H aromatic
functional group.3'%°

SEM analysis

The surface morphology structure of the carbon
from the pyrolysis product of the walnut shell and af-
ter KCl activation was analyzed by Scanning Electron
Microscopy (SEM), and the morphology is shown in
Fig. 2a and b. Fig. 2 shows the surface morphology
of pyrolyzed and KCl-activated walnut shell carbon
(c, d) with magnifications of 2000 and 5000 times,
respectively. Both have different surfaces, and the
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l 2924.09 2320.37 l

344487 1583.56

1045.42

’ Sample activator KCI (a) -

Control (b)

Transmittance (%)

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Wave number (cm')

Fig. 1. FTIR spectrum of the walnut shell carbon after KCl activation
(a) And before KCI activation (b).

Table 1. FTIR absorption band of pyrolyzed and KCI-
activated walnut shell carbon.

Wave Number (cm™1)

Results of Results of Functional

Pyrolysis KCl-activated groups

- 3444.87 NH
(stretching)

- 2924.09 Ar-H
(aromatic)

- 2320.37 C=N

1583.56 1583.56 Cc=0
(carbonyl)

1045.42 1045.42 C-O (ester)

pores are not uniform and irregular. This is due to the
pyrolysis process and the addition of a KClI activator,
resulting in an outer pore with a non-uniform sur-
face and spreading over the entire carbon surface. >
Adding a KCl solution activator to walnut shell carbon
aims to dissolve the metal elements contained in the
carbon and increase the carbon content. The acti-
vation process causes many polar compounds to be
released or evaporated, thereby opening carbon pores
and reducing the closure of hydrocarbon pores. %32 It
appears that the pore structures are not uniform on
the carbon surface, indicating the presence of organic
impurities or tar that have not evaporated.'® The
outer surface of the walnut shell carbon looks rough;
this is related to the breakdown of the presence of
heating factors at high temperatures. 3>3*

Fig. 3 shows the SEM morphology of pyrolyzed
(a) and KCl-activated walnut shell carbon (b) at
10,000 magnification each. It can be seen that the
pore diameters of the pyrolyzed walnut shell carbon
and the activated KCI carbon vary greatly; the pore
diameters are not uniform, as shown in Table 2. The
pore diameter of the pyrolyzed walnut shell carbon
from 145.7-757.7 nm. At the same time, the pore
diameter of the KCl-activated walnut shell carbon is
1,020-1,226 pum. The other results show that using
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Pyrolyzed carbon (control) -

2000x (a)

5000x (b)
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KCl-activated carbon

5000x (d)

Fig. 2. SEM surface morphology of pyrolyzed (a-b) and KCl-activated walnut shell carbon (c-d) with respective magnifications of 2000x and

5000x.

Table 2. The pore diameter of pyrolyzed and KCl-activated walnut
shell carbon.

Pyrolyzed KCl-activated

Pore diameter units Pore diameter units
212.1 nm 1,020 m
496.2 nm 1,146 pm
145.7 nm 1,226 um
430.3 nm 1,189 pHm
206.1 nm - -
325.8 nm - -
186.6 nm - -
221.9 nm - -
757.7 nm - -

a ZnCl, activator to activate walnut shell charcoal
produces a pore diameter of 22.74 um.“® The pore
diameter of KCl-activated walnut shell carbon is
more significant than that of the pyrolyzed one. The
difference in pore diameter is quite large.?® The
results showed that activated walnut shell carbon
pores included macropores.>>3¢ Other chemically
bonded elements, such as oxygen and hydrogen, *’~*°
can also influence the pore diameter.

EDX analysis
The SEM-EDX technique can identify elements of

the phases seen in the microstructure images.“%°°
EDX analysis of pyrolyzed and KCl-activated walnut

Fig. 3. SEM morphology of pyrolyzed (a) and KCl-activated walnut
shell carbon (b) at 10,000x magnification.

shell carbon can be seen in Fig. 4. The graph of the
photoelectron kinetic energy of the pyrolyzed walnut
shell carbon and the KCl-activated walnut shell car-
bon in Fig. 5d-f. The magnitude of the photoelectron
kinetic energy of the walnut shell carbon as a result of
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Table 3. Results of EDX analysis of pyrolyzed and KCl-activated walnut shell carbon.

Pyrolysis KCl-activated
No Element Photo electron KE (keV) Mass (%) Atoms (%) Photo electron KE (keV)  Mass (%) Atoms (%)
1 C 0.277 81.10 85.40 0.277 82.80 86.50
2 o] 0.525 18.10 14.30 0.525 17.20 13.50
3 Al 1.486 0.10 0.10 1.486 0.00 0.00
4 Si 1.740 0.10 0.00 1.740 0.00 0.00
5 K 3.314 0.30 0.10 3.314 0.00 0.00
6 Ca 3.692 0.30 0.10 3.692 0.00 0.00
Total 12.288 100.00 100.00 12.288 100.0 100.00
Table 4. Calculation results of Fe levels in drilled well water samples.
Iron metal (Fe) Metal absorbed Capacity of active
No Sample Time (Min) content (mg/L) (mg/L) carbon (%)
1 Drilled well water 0 0.727 - -
2 Drilled well water 60 0.712 0.015 2.06
3 Drilled well water 120 0.673 0.054 7.42
150 0.605 0.122 16.78
o 20 Mog: 3000 TSRGGH 350 Percent (%) by mass and % of element C atoms
resulting from pyrolysis of carbon were 81.10% and
360k © K 85.40%, respectively. While the % mass and %
3.20K] atoms of carbon element C after KCI activation were
2.80K| 82.80% and 86.50%. O, Al, Si, K, and Ca indicate an
2.40k] incomplete pyrolysis or carbonization process. Com-
2.00K| pared to the other results, using a ZnCl, salt activator
1.60K| to activate walnut shell charcoal produces almost the
— same 86.49% of C and 13.04% of O atomic mass. "’
loati] Ro o The increase in pore diameter was due to the loss
oaox! AL Al K of impurities, namely O, Al, Si, K, and Ca. The in-
.00k Tt s el crease in pore diameter indicated that the walnut
6.0 13 26 39 shell carbon was getting purer after being activated
== with the KCI activator.>>>® Consistent with the other
K20 == = Takeof: 39.2 findings, charcoal activation can enhance carbon el-
R ements’ mass and atomic and molar quantities of
e carbon elements. *®
4.06K
P XRD analysis
2.90K:
sl XRD analysis was carried out to identify the crys-
s talline phase, crystal structure, and crystallinity of
116 o the sample.®® In characterization using XRD, the
S diffractogram of the pyrolyzed walnut shell carbon
oIl : i i sample is observed, and the KCl-activated walnut
:;':t_ R -2 =e 22 shell carbon is shown in Fig. 6. The appearance of a

Fig. 4. EDX spectrum of pyrolyzed (a) and KCl-activated walnut
shell carbon (b).

pyrolysis and the KCl-activated carbon are the same,
as can be seen in Table 3. There is no difference in
the photoelectron kinetic energy of each element, but
each element has a different atomic percent and mass
percent. *®

broad diffraction background, irregular background
intensity, and no peaks sharp edges reveal a high
amorphous structure.”>’ The carbon peak of the
walnut shell resulting from pyrolysis and after the
carbon was activated by KCl showed a peak of 26,
namely 26.632°, 26.702° and 45.502° were signifi-
cant showed crystalline and peaks of the amorphous
were observed between 20 = 56-90°. They are the
same as the research, namely peak 20 = 49°-80°.4!
The scattering crystallinity of walnut shell carbon
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4 3,692 a4 3,692
3,5 3,314 35 3,314
= =
3 3 : 3
g 25 2 2,5
g 1,74 £ 2 1,74
2 . .
f: 1,486 § 1,486
S 1.5 & 1.5
E 1 2 1
= 0,525 = 0,525
0,5 |[0.,277 0,5 |0.,277
o o
C o Al Si K Ca C o Al Si K Ca
Element Element
(b) ()
290 81,1 20 | g2.,8
20 20
70 70
= 60 60
= =
g so g 50
= a0 = ao
30 30
50 18.1 S0 17,2
1o 0,1 0,1 ©0,3 0,23 10 o o le} o
o o
C o Al si K Ca C o Al Si Ca
Element Element
© ®
290 | 85,4 100
20 oo | 86,5
70 80
= 60 70
= —= 60
E so =
= 20 E 50
2 40
30 30
20 14,3 >0 13 5
10 0,1 o 0,1 0,1 10 o} o} o o
o o
C O Al Si K Ca C (@) Al Si K Ca
Element Element

Fig. 5. Graph of (a) KE photo electrons, (b) % mass, (c) % atoms from pyrolyzed walnut shell carbon and (d) KE photo electrons, (e) %

mass, (f) % atoms from KCl-activated walnut shell carbon.

after KCl activation is higher than the scattering
crystallinity of walnut shell carbon resulting from
pyrolysis. They are almost the same as the other re-
search results, namely peak 20 = 23-30°.%°

ASC analysis

Iron (Fe) metal content measurements were car-
ried out: a prepared test sample of drilled well water
was injected into the ASC, and then the absorbance
was measured at a wavelength of 283.3 nm.>*°! The
measurement results are recorded and then analyzed.
The results of ASC analysis of walnut shell carbon are
shown in Table 4.

3500

3000

2500 oo
——carbon no activation

2000 —— Carbon with activation

Intensity (cps)

0 10 20 30 40 50 60 70 80 90 100
2Theta

Fig. 6. Walnut shell carbon diffractogram resulting from pyrolysis
(---) and diffractogram of walnut shell carbon after KCI activation

()



1170

Based on the data in Table 4, the concentration
of Fe metal in drilled well water samples shows
levels that are higher than the drinking water qual-
ity standards set in Minister of Health Regulation
Number 492/Menkes/Per/VII/2010 with maximum
iron metal content standards for drinking water of
0.3 mg/L. Compared to the other results, H3PO, char-
coal produces almost the same adsorption capacity
of passiflora ligularis (PL), which was 5.07 mg/g.%
The absorption capacity of activated carbon on Fe
metals increased from 2.06% (60 minutes), 7.42%
(120 minutes), and 16.78% (150 minutes). This
means that KCl-activated walnut shell carbon can be
used as an excellent absorbent for clean water treat-
ment in the future.

Conclusion

Based on the result from FTIR spectrums, both
walnut shell carbon resulting from pyrolysis and
after KClI activation show the presence of functional
groups: N-H, Ar-H, aliphatic -CH; and -CH,, C=C,
carbonyl CO, ester CO, and aromatic C-H. The SEM
morphology showed that the surface structure of
the pyrolyzed carbon particles and carbon after KCl
activation were both uneven and inhomogeneous.
The results of the EDX analysis showed an increase
in the amount of carbon elements after activation.
The mass percentage and carbon atom percentage of
the pyrolyzed walnut shell carbon were 81.10% and
85.40%, respectively, while the walnut shell carbon
after KCl activation was 82.80% and 86.50%. Process
chemical activation with a KCI activator can enlarge
the carbon pores. Increasing the carbon composition
shows that the carbon is getting purer, and the
arrangement of the carbon atoms is more regular.
The XRD diffractogram shows that the carbon of
the pyrolyzed walnut shell and the carbon after KCl
activation both show tenuous peaks and relatively
low intensities. The appearance of a diffractogram
with wide diffraction, irregular diffraction intensity,
and no sharp peaks reveals that the structure of
the two charcoals is highly amorphous. This study
highlights how waste from walnut shells can produce
activated carbon, which is ideal for use as an
electrode material in supercapacitors. The pyrolysis
and fragmentation method of walnut shell charcoal,
when used with a KCl activator, can produce
activated charcoal with a macro pore size ranging
from 1,020 um to 1,226 um. This research’s novelty
is that no information explicitly using KCI activator to
increase the porosity of activated carbon from walnut
shells is available. KCl-activated carbon can remove

BAGHDAD SCIENCE JOURNAL 2025;22(4):1163-1174

0.122 mg/1L of Fe(IIl) or 16.78% Fe(III) absorption in
150 minutes. This proves that KCl-activated walnut
shell carbon can be used as an alternative absorbent
for clean water treatment in the future.
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