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ABSTRACT

Pb(II) is a heavy metal that is harmful to health and the environment. This metal is often found in industrial waste
so it needs to be removed. One way to reduce these heavy metals is to use activated carbon. Various types of or-
ganic materials and agricultural waste can be made into activated carbon.. One of the agricultural wastes that has
great potential as activated carbon is salak seeds. This research processed salak seeds into activated carbon and
modified them into Magnetic Activated Carbon (MAC). The research aims to obtain: 1) the best operating condi-
tions for activated carbon production and MAC; 2) characteristics of activated carbon and MAC; 3) % removal
of Pb(Il) from liquid waste with MAC; 4) isotherm adsorption equation Pb(II) by MAC; 5) the kinetics equation
of Pb(Il) adsorption by MAC. The research method is to make activated carbon by carbonization, chemical and
physical activation. The chemical activator used is a mixture of phosphoric acid — hydrochloric acid with a compo-
sition (1: 1). The next step is to make a MAC from activated carbon. Activated carbon characteristics were tested
using the BET, SEM, EDX, and ASTM standard proximate tests. The results showed that activated carbon met SNI
standards with iodine number 1230.93-1256.31 mg/g, surface area 539.147 m2/g, pore volume 44.0262—-112.5906
cc/g. MAC contains 1% water, 21.88% volatile matter, 38% ash, 39.12% fixed carbon, and 1243.62 mg/g iodine
number. Further findings show that the adsorption isotherm equation is best using the Freundlich equation. The
Freundlich equation constants n = 1.3530 and K, = 34.634 mg/g with R> = 0.913, while the Langmuir equations
b =0.7442 L/mg and qm = 78.125 mg/g with R? = 0.6692. The Pb(II) adsorption kinetics test by MAC showed
pseudo-2nd order adsorption kinetics with the constant &, = 0.2737 g/mg.min and R* = 1.

Keywords: carbon active magnetic, friendly, Langmuir, Pb(II), salak seeds.

INTRODUCTION

Currently, industries around the world are
growing rapidly. This is very helpful in improving
human welfare. However, this also has a negative
impact with waste produced by the industry. One
of the wastes produced by the chemical industry
that is harmful to health is lead. Lead in waste-
water in the form of Pb(II) ions when accumu-
lated in the human body can cause various health
disorders that attack several organs and nerves.
This condition has caused several studies to be
conducted to eliminate the Pb(Il) ion content in

industrial waste. (Ahmad and Manefield, 2024;
Cai et al., 2025; Chaurasia and Kumar, 2024; Is-
mail et al., 2024; Mohamed et al., 2024; Pocham-
pally et al., 2024; Yokwana et al., 2024).
Meanwhile, to support clean production,
several studies use agricultural waste to remove
Pb(II) ions (Ahmad and Manefield, 2024; Ahmed
et al., 2024; Ali et al., 2024; Gargiulo et al., 2024;
Messaoudi et al., 2024; Pochampally et al., 2024;
Ton-That et al., 2024; Yokwana et al., 2024). Re-
search by Ahmed et al. (2024) reviewed Pb(II)
adsorption technology using activated carbon
made from agricultural waste, which showed an
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increase in the efficiency of removing Pb(Il) from
wastewater (Ahmed et al., 2024). In addition, re-
search by Ali et al. (2024) examined the poten-
tial of sunflower waste to reduce Pb(Il), showing
promising results in reducing the toxicity of Pb(II).
The adsorption method with activated carbon is
effective in reducing heavy metals. This happens
because activated carbon is a common adsorbent.
Adoption is easy and economical in its application.

Some organic materials containing carbon,
such as agricultural waste, have the potential to
be made into activated carbon. Snake fruit seeds
(Salacca zalacca) are waste from the snake fruit
processing industry that are widely found in the
city of Yogyakarta, Indonesia. Snake fruit seeds
have the potential to be made into activated car-
bon, but can only be used once in processing.
This study will modify the method of making ac-
tivated carbon from snake fruit seeds by adding
Fe,O, composite to become MAC. Modification
of activated carbon into MAC is expected to save
processing costs for heavy metal removal because
it can be used repeatedly. Macs can be separated
from industrial waste with the help of magnets.

The manufacture of activated carbon from
snake fruit seeds has two functions. The first
function is to process agricultural waste and the
second function is to obtain an adsorber to pro-
cess industrial waste. The process of making ac-
tivated carbon is generally through activation,
either through soaking using chemicals or heat-
ing at a certain temperature. Modification of ac-
tivated carbon into MAC makes it reusable after
being contacted with wastewater. Several studies
have shown that MAC is more efficient at re-
moving heavy metals from industrial waste than
conventional activated carbon (Alam et al., 2024;
Altintig et al., 2018; Bagbi et al., 2024; Gong et
al., 2017; Liu et al., 2019; Samanth et al., 2024;
Vaddi and Malla, 2024; Wei et al., 2023; Yang et
al., 2023). Various studies on the manufacture of
MAC have been carried out but those made from
activated carbon derived from salak seeds are not
yet available. Research on making MAC from ac-
tivated carbon derived from Salak seeds is very
interesting to do.

This research aims to develop an efficient
KAM manufacturing method for the production
of MAC from salak seeds through the process of
physical-chemical activation followed by the ac-
tivation of a magnetic solution, Fe,O, composite.
The second objective is to characterize the result-
ing MAC using BET to know surface area and
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pore volume and SEM EDX to view morphology
and proximate tests. The third objective was to
test the performance of MAC in removing lead
ions from wastewater solutions through batch
reactor, parameter is the concentration of lead
in wastewater. The fourth objective is to model
the kinetics and isotherms of adsorption to un-
derstand the mechanism of interaction between
MAC and Pb(II) ions.

MATERIALS AND METHODS

Materials

Experiments require materials were salak
seeds, Pb(NO,),, FeSO,.6H,0, NH,OH 25% Pro
Analyst, FeClL.6H,0, H,PO, Pro Analyst 85%,
KOH, HCI 37%, amylum, iodine, Na,S,0,5H,0
Pro Analyst, H,CrO,, and aquadest. Meanwhile,
the tools used are hammers, grinders, analytical
balances, droppers, measuring flasks, clamps, filter
paper, burettes, furnaces, beaker glass, aluminium
foil, funnels, measuring cups, and Erlenmeyer.

Methods

Magnetic-activated carbon manufacturing

The steps to make activated carbon are: 1)
washing salak seeds; 2) dry the salak seeds for
1 hour; 3) carbonization, which is heating salak
seeds at a temperature of 350 °C for 5 hours; 4)
sieving with a sieve of 60 mesh; 5) separating
salak seed granules < size 60 mesh to be used
as activated carbon raw materials; 6) chemical
activation, namely soaking salak charcoal in a
combined chemical activator HCl and H,PO,
(CCAHH) for 24 hours with a ratio of molarity
(1 : 1) and volume (1 : 1) variable dose 0.55 M
(sample A); 1.05 M (sample B); 1.55 M (sam-
ple C); 2.05 M (sample D); and 2.55 M (sample
E); 7) neutralize salak seed charcoal using 0.1
M NaOH, aquadest, using filter paper to sep-
arate activated charcoal from the solution; 8)
storing chemically activated activated carbon
in aluminum foil for iodine number analysis;
9) store chemically activated activated carbon
with the best iodine number for analysis with
EDX BET and SEM equipment; 10) physical
activation, namely heating the activated carbon
of salak seeds at a temperature of 600 °C (sam-
ples Al, B1, C1, D1); 10) storing samples Al,
B1, C1, DI for analysis of proximate and iodine
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numbers; 11) physical chemical activated carbon
samples with the best iodine numbers analyzed
by BET and SEM EDX; 11) make a magnetic/
composite solution of Fe,O, by mixing a solution
of FeCl,.6H,0 and FeSO,.6H,0 with a ratio of
molarity of 1 : 2 and volume of 1 : 1; 12) add
the NH,OH solution drop by drop until the pH
reaches 10 while constantly stirring; 13) Physical
chemical activated carbon sample with the best
iodine number soaked in a magnetic solution of
chili sauce stirred with for 30 minutes; 14) neu-
tralize the MAC of salak seeds using aquadest,
separating the MAC from the neutralizing solu-
tion with filter paper; 14) Heat MAC salak seeds
at 100 °C for 4 hours; 11) store the MAC in alu-
minum foil for analysis of the proximate and io-
dine number.

Activated carbon characteristic test

The analysis carried out on the sample in-
cluded 4 types, namely 1) proximate analysis;
2) iodine number analysis; 3) BET analysis, and
4) SEM EDX analysis. Proximate analysis in-
cludes:1) water content testing (wc); 2) volatile
matter content (vmc); 3) ash content (ac). Next,
fixed carbon (fcc) is obtained using Equation 1.

wc +vmce + ac + fcc = 100% (1)

lodine number analysis uses the ASTM
D-4607-94 method. Analyze the surface area and
pore volume using the BET method. Meanwhile,
the surface morphological analysis uses the SEM-
EDX method.

MAC adsorption ability test against Pb(ll) ions

Testing of MAC adsorption ability against
Pb(II) ions contained in Pb(NO,), solution. MAC
asmuchas 1 gwas putinto 1 LofPb(NO,),solution
36.44 mg/L (Pbl 1 sample); 30.37 mg/L (Pbl 2
sample); 24.29 mg/L (Pbl_3 sample); 18.22 mg/L
(Pbl_4 sample); and 12.15 mg/L (Pbl_5 sample)
were shaken for 3 hours and left for 24 hours. Af-
ter 24 hours, the solution containing the lead and
MAC is separated using filter paper. Furthermore,
the lead content in the Pb(NO,), solution was ana-
lyzed before contact with activated carbon (initial
Pb) and after contact with MAC (final Pb) using
the AAS method (SNI 6989.71:2009). The per-
centage of Pb(Il) ions absorbed by MAC was ob-
tained using Equation 2.

Pb in—Pb out

% removal lead (Pb) = o X 100% (2)

Furthermore, the adsorption ability of MAC
to Pb(II) ions was also carried out with a variable
MAC contact time with Pb(NO,), solution. The
sampling was carried out by making 10 sample
solutions. Ten pieces of Pb(NO,) solution vol-
ume 1 L concentration of 36.44 mg/L which each
has been added 1 g of MAC to it, then shaken,
and each solution is taken one after another with
variable time: Pbk 1 (1 min), Pbk 2 (3 min),
Pbk 3 (5 min), Pbk 4 (10 min), Pbk 5 (30 min),
Pbk 6 (60 min), Pbk 7 (75 min), to then be sep-
arated by MAC using filter paper and chromium
content analysis using the AAS method (SNI
6989.71:2009) on 7 solutions that have been sep-
arated from MAC.

Adsorption isotherm equation test

The isotherm equation test aims to determine
the amount of Pb(Il) ions that can be adsorbed by
magnetic activated carbon from salak seeds. The
equations tested are Freundlich and Langmuir. The
Freundlich equation is presented in Equation 3.

= 1
log g. = log Kr+ - log C. 3)

where: g, is ion equilibrium capacity that is num-
ber of ions Pb(Il) adsorbed per unit mass
of MAC (mg/L), C, is the concentration of
Pb(Il) ions in waste water at equilibrium
conditions after the adsorption process by
MAC (mg/L). The next step is to make a
graph of log C, versus log g, to get Equation
3 so that the K, and n values are obtained.

The second isotherm adsorption equation
tested was the Langmuir equation, which is pre-
sented in Equation 4.

Ce_Ce 1

4+
de dm badm (4)

In this equation g, (mg/g) is the mass of Pb(II)
ions adsorbed by each unit mass of MAC. c,
(mg/L) is the concentration of Pb(Il) ions in waste
water under equilibrium conditions. While & (L/
mg) and g, (mg/g) are the constants. The values
of b and ¢, are obtained by plotting a graph of ¢,

versus =£.
de

Adsorption kinetics model test

The analysis of the adsorption kinetic model
was obtained by testing the reaction order from
0 to pseudo order 2 (Kusdarini et al., 2023). Lin-

ear reactions of the zero-order are expressed by
Equation 5.
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C=C k't (5)

where: C (mg/L) is the concentration of the sub-
stance at 7, C_(mg/L) is the concentration
of the initial substance (mg/L), ¢ is the
time, k, (mg/L.minute) is the zero-order
reaction rate constant, ¢ is the adsorption
contact time (minute). The zero-order re-
action equation is obtained through plot t
as the x-axis and the value C, as the y-ax-
is, with slope = k and intercept = C . Fur-
thermore, the first-order reaction equation
is expressed by Equation 6.
InC=InC —k: t (6)
where: C, is the concentration of the substance at
t (mg/L), C is the concentration of the ini-
tial substance (mg/L), 7 is the time, &, is the
first-order reaction rate constant (1/min-
ute), ¢ is the adsorption contact time (min-
ute). The first-order reaction equation is
obtained through plot t as the x-axis and the
value of In C /C, as the y-axis, with slope =
k,. Furthermore, the second-order reaction
equation is expressed by Equation 7.

a‘f‘azkzt (7)

where: C is the concentration of the substance at
t (mg/L), C is the concentration of the ini-
tial substance (mg/L), 7 is the time, £, is the
second-order reaction rate constant, and t is
the adsorption contact time (minute). The
second-order reaction equation is obtained
through plot t as the x-axis and the value é
as the y-axis, with slope = &, and intercept
= - L Furthermore, the pseudo—ﬁrst—order
equa%on is expressed by Equation 8.

k
log (qe-q1) = log qe- 5o~ t (8)

where: ¢, is the capacity for Pb(Il) ion equilib-
rium, namely the weight of Pb(II) ions
adsorbed per unit mass of MAC (mg/g), it
is the capacity for the metal ion at time t,
the weight of Pb(Il) ions adsorbed per unit
mass of MAC (mg/g), k, is the adsorption
rate constant of the pseudo-first-order (1/
minute), ¢ is the adsorption contact time
(minute). The pseudo-first-order reaction
equation is obtained through plot t as the
x-axis and the value log (¢, ¢) as the y-

S ks
axis, with slope = ——— and intercept = log
q,. Furthermore, the pseudo-second-order

equation is expressed by Equation 9.
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ac  k2a: Qe
where: g, is the capacity for Pb(II) ion equilib-
rium, the weight of Pb(Il) ions adsorbed
per unit mass MAC (mg/g), ¢, is the ca-
pacity for the metal ion at time t, namely
the mass of Pb(Il) ions adsorbed per unit
mass of MAC (mg/g), k, is the constant
adsorption rate of pseudo-second-order
(g/mg.minute), t is the adsorption contact
time (minute). The pseudo-second reac-
tion equation is obtained through plot t as

the X-axis and — as the y axis, with slope

2.
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RESULTS

Characteristics of activated carbon with
proximate analysis

This study produced the findings of moisture
content, volatile matter content, ash content, fixed
carbon, and iodine number from Activated Car-
bon from Salak Seeds (ACSS) after chemical and
physical activation. These are presented in Figure
1, Figure 2, Figure 3, Figure 4, and Figure 5.

Figure 1 is the relationship between CCAHH
concentration, to the moisture content in the
physically activated ACSS at 600 °C. The re-
search provided significant findings. The water
content observed in the range of 1-5% is much
lower than the maximum standard set by the In-
donesian National Standard (SNI) Number 06-
3730-1995, which is 15%. These findings are
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Water contennt %
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0.0 T T T T T
0.5 1.0 1.5 2.0 25

Activator concentration (mol/liter)

Figure 1. The relationship between CCAHH
concentrations at various concentrations on ACSS
moisture content and physical activation at 600 °C
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Figure 2. The relationship between CCAHH
concentrations at various concentrations of volatile
matter from ACSS and physical activation at 600 °C

important because the low moisture content di-
rectly contributes to the improvement of ACSS
quality, especially in terms of absorbency and
stability. Activated carbon with low moisture
content usually has a better ability to adsorb gas
or liquid molecules because a larger pore area is
available for adsorption. The physical activation
process, which relies on high temperatures, caus-
es the evaporation of water vapor absorbed in
the carbon pores, resulting in carbon with a low
moisture content.

Research shows that CCAHH has a crucial
role in the ACSS activation process. CCAHH can
enlarge pores in the carbon structure, remove vol-
atile substances, and significantly lower moisture
content. Previous research has also shown that the
higher the activation temperature, the lower the
moisture content produced. However, it is impor-
tant to note that too high an activation tempera-
ture can damage the structure of carbon pores and
decrease their adsorption capacity. In this case,
a temperature of 600 °C is considered optimal
because it allows maximum evaporation of wa-
ter without damaging the resulting pore structure
(Alam et al., 2024; Polii, 2017; Vaddi and Malla,
2024; Yue et al., 2003).

ACSS which has a low moisture content as
produced in this study has various advantages in
industrial applications. The low moisture content
not only increases the absorbency but also in-
creases the life of activated carbon because fewer
substances need to be adsorbed or absorbed. For
example, in water filtration applications, activat-
ed carbon with a low moisture content can cap-
ture more contaminants and work more efficiently

at filtering out small particles, including heavy
metals and organic compounds. Activated carbon
with low moisture content is also highly desirable
in air purification applications because it is more
efficient in absorbing harmful gases such as am-
monia and sulfur dioxide.

Figure 2 shows the effect of CCAHH con-
centration on various concentrations of volatile
matter content (vinc) from ACSS with physical
activation at 600 °C. The effect of CCAHH on
volatile matter (vmc) from ACSS produced from
salak seeds with physical activation at 600 °C
shows a significant relationship. Based on the re-
search, the volatile matter level produced ranged
from 18.44-24.74%, which met the SNI standard
for ACSS. An increase in the concentration of
the two activators results in an increase in vmc in
ACSS, which is caused by the absorption of vola-
tile acidic components into the carbon structure
during the activation process.

Overall, these findings suggest that activated
carbon from salak seeds activated with CCAHH
at high temperatures shows an increase in VM
that is consistent with the results of previous stud-
ies on different materials. The use of CCAHH has
proven to be effective in producing ACSS with
quality that meets SNI standards and has phys-
ical and chemical characteristics that are suita-
ble for industrial applications that require high
adsorption capabilities. The results of this study
are under the results of other studies from differ-
ent materials (Beksissa et al., 2021; Budianto et
al., 2021; Budianto et al., 2023; Kusdarini et al.,
2022; Yagub, Sen et al., 2014).

Figure 3 shows the effect of CCAHH con-
centrations on various concentrations of ash

Ash Contant (%)
s .
a
Il

1.04 - - -

0.5 1.0 15 20 25
Chemical Activator Concentration (maol/liter)
Figure 3. Relationship between CCAHH

concentrations at various concentrations on ash
content from ACSS and physical activation at 600 °C
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content (AsC) from ACSS with physical activa-
tion at 600 °C. The results show that AsC rang-
es from 1-3%. This result shows that ACSS has
met SNI standards. The SNI standard requires
that the maximum ash content is 10 %. The re-
sults of this study have the same trend as the re-
sults of previous studies (Beksissa et al., 2021;
Agus Budianto et al., 2021, 2023; Kusdarini et
al., 2022; Yagub et al., 2014).

Figure 4 shows the effect of ACAHH con-
centrations on various concentrations of fixed
carbon (FC) from ACSS with physical activa-
tion at 600 °C. The results show that FC rang-
es from 68.56-78.56%. These results show that
the activated carbon from salak seeds has met
SNI standards. The SNI standard requires that
the FC is at least 65%. An increase in CCAHH
concentration indicates a decrease in FC from
ACSS. This happens because of the absorption
of chemical activators in ACSS which is a type
of volatile acid, so it is part of the VM so that it
lowers FC. The results of this study are under
the results of previous peeling (Beksissa et al.,
2021; Agus Budianto et al., 2021, 2023; Kusda-
rini et al., 2022; Yagub et al., 2014).

Figure 5 shows the effect of CCAHH con-
centrations at various concentrations on the ab-
sorption of iodine (IN) from ACSS with physical
activation at 600 °C. The results show that the
IN ranges from 1205.6-1243.6 mg/g. These re-
sults show that the activated carbon from salak
seeds has met SNI standards. The SNI standard
requires that the minimum iodine number is 750
mg/g. The increase in CCAHH levels indicates an
increase in IN from ACSS to reach a chemical ac-
tivator concentration of 2.0 M and then decrease.
This occurs due to an increase in fixed carbon lev-
els and an increase in pore volume from activat-
ed carbon after activation (Beksissa et al., 2021;
Agus Budianto et al., 2021, 2023; Kusdarini et
al., 2022; Yagub et al., 2014).

Activated carbon from salak seeds that have
been chemically activated by physics and made by
MAC has been tested for parameters of moisture
content, ash content, volatile matter, fixed carbon,
and iodine number as presented in Table 1.

MAC characteristics

Table 1 shows the results of the MAC char-
acteristics test, this table shows that MAC has a
better iodine number than the iodine number of
conventional activated carbon.
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Figure 4. Relationship between CCAHH
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Figure 5. Relationship between CCAHH
concentrations at various concentrations on the aerosol
power of ACSS and physical activation at 600 °C

Table 1. MAC characteristics

Parameter Value
Water Content 1.00%
Ash Content 21.88%
Volatile matter 38.00%
Fixed carbon 39.12%
lodin number 1243.62 mg/g

Analysis of surface area and pore volume
using the Brunauer Emmett Teller (BET)

The MAC characteristics of salak seeds show
that the surface area is 175.604 m?/g, and the pore
volume is 15.2334-38.2437 cc/g. Activated car-
bon made from snake fruit seeds has several ad-
vantages compared to that made from snake fruit
skin, namely better surface morphology, pore
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volume and specific surface area (Fathimah et al.,
2021). MAC also has a larger surface area than
activated carbon made from anthracite coal (Song
et al., 2020), and from acrylic, coating materials,
bentonite, distilled water, surfactants (epichloro-
hydrin-dimethylamine) (Azha and Ismail, 2021).

MAC morphology test with SEM-EDX
equipment

The surface morphology and composition of
ACSS elements are presented in Figure 6 and Table
2. Figure 6 shows that ACSS after carbonization

Table 2. Composition of elements in activated carbon

Elemens After carbonization | After ch.emi.cal physical

(%) activation (%)

C 83.8 90.5

e} 13.2 9.3

Mg 0.1 0.1

P 0.4 -
0.2 -

Cl 0.6 -

K 1.6 0.1

Ca 0.1 -

process The surface is porous, rough, and has a
complex structure. The cavities are visible and
have many pores, with various sizes providing
visual evidence of high porosity (Budianto et al.,
2021; Kusdarini and Budianto, 2022). The test
results using SEM-EDX also showed the dam-
age of cellulose and hemicellulose in salak seeds
that form this porous activated carbon structure
(Ming-Ming Fu et al., 2019). ACSS after physi-
cal chemical activation has wider, more abundant
pores, and a clearer pore structure than carbon af-
ter the carbonization process. Comparison of the
element content of activated carbon after carbon-
ization and after physical chemical activation is
shown in Table 2.

Removal lead

Removal lead is calculated from the difference
in Pb(II) content in the solution before contact and
after contact with MAC. The percentage of lead
removal in several concentrations of Pb(Il) in so-
lution after MAC contact are presented in Table
3. The percentage of Pb(II) removal was 96.81 —
97.97%, so the maximum adsorption capacity of
MAC to Pb(Il) in sample B is 35.49 mg/g.

Figure 6. Appearance of the ACSS surface using SEM-EDX equipment: (a) after carbonization,
(b) after chemical physical activation

Table 3. Lead removal percentage at various concentrations and samples

Sample A B C D E
Co (mg/L) 36.44 30.37 24.29 18.22 12.15
Ce (mg/L) 0.95 0.97 0.5 0.37 0.28

Co- Ce (mg/L) 35.49 29.4 23.79 17.85 11.87
% removal Pb 97.39 96.81 97.94 97.97 97.70
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Figure 7. The plot of isotherm adsorption of Pb(IT) by MAC from waste uses the following equations:
(a) Freundlich Model, (b) Langmuir Model

Table 4. Isothermal parameters against Pb(II) adsorption by MAC

Freundlich isotherm

Langmuir isotherm

Adsorption system
R? n K. (mg/g) R? b (L/mg) q,, (mg/g)
Activated carbon 0.913 1.3530 34.634 0.6692 0.7442 78.125
Table 5. The concentration of Pb(II) ions on several contact time variables
. 1/C (L/ q.-q log
- 0, e
T(min) | C,(mg/L) | C,(mglL) | CC,(mgll) | %A | CJC | In(C/C) | ") o) | (@) t/q,
0 36.44 36.44 0 0 1 0 0.027442 35.56 1.550962 -
1 36.44 1.91 34.53 94.8 | 19.07853 | 2.948563 | 0.523560 1.03 0.012837 | 0.02896
3 36.44 1.79 34.65 95.1 | 20.35754 | 3.013451 | 0.558659 0.91 -0.04096 | 0.08658
5 36.44 1.67 34.77 95.4 | 21.82036 | 3.082843 | 0.598802 0.79 -0.10237 | 0.143802
10 36.44 1.73 34.71 95.3 | 21.06358 | 3.047546 | 0.578035 0.85 -0.07058 | 0.288101
30 36.44 0.89 35.55 97.6 | 40.94382 | 3.712201 | 1.123596 0.01 -2 0.843882
60 36.44 0.98 35.46 97.3 | 37.18367 | 3.615870 | 1.020408 0.1 -1 1.692047
75 36.44 0.9 35.54 97.5 | 40.48889 | 3.701028 | 1.1111111 0.02 -1.69897 | 2.110298
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Figure 8. Ct vs t graph for reaction testing: (a) order 0, (b) order 1, (c) order 2, (d) pseudo order 1,
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The ability of MAC to adsorb Pb(I) ions was
also studied in an isotherm adsorption test using the
MAC concentration variable in solution so that the
ability of the adsorbent to absorb the adsorbate was
known (Basu et al., 2018; Kusdarini et al., 2018,
2021). The test of activated carbon adsorption be-
havior on Pb(II) ions using the Freundlich and Lang-
muir equations is presented in Figure 7a and Figure
7b. Meanwhile, the isothermal parameters of Pb(II)
ion adsorption by MAC are presented in Table 4.

Kinetics adsorption

Testing of the concentration of Pb(II) ions in
Pb(NO,), solution that has been exposed to MAC
for 1 — 75 minutes is presented in Table 5. Mean-
while, the reaction order testing of adsorption ki-
netic equations is presented in Figures 8a, 8b, 8c,
8d, and 8e.

The kinetics test of the Pb(Il) adsorption re-
action by MAC showed that R? was highest in the
pseudo order 2 reaction. The constants resulting
from 2nd order testing are q_ = 35.5872 mg/g, k,
=0.2723 g/mg.min and R? = 1.

CONCLUSIONS

The best operating conditions for MAC man-
ufacturing are at a chemical activator concentra-
tion of H,PO,-HCI 2.05 M and a physical acti-
vation temperature of 600 °C. Activated carbon
that has been activated by physical chemistry
has a moisture content of 1-5%. Volatile matter
18.44-23.44%. Ash content 1-3%. Fixed carbon
68.56-78.56%. lodine number 1205.7-1243.66
mg/g so that it meets the requirements of SNI 06-
3730-1995. The SEM EDX test of activated car-
bon showed that the surface morphology of acti-
vated carbon that had been chemically activated
by physics had wider pores and a clearer pore
structure than the chemically activated carbon.
The BET test produced findings that the surface
area of activated carbon is 539.147 m*g and the
pore radius is 44.0262—-112.5906 cc/g so it has a
very good potential to adsorb heavy metals. Acti-
vated carbon that has been activated by physical
chemistry contains element C 90.5%. At 9.3%.
And the rest of the elements Mg. K. Further-
more, MAC has the characteristics of 1% mois-
ture content. 21.88% ash content. Volatile matter

38%. Fixed carbon 39.12%. And iodine number
1243.62 mg/g. MAC ash content has increased
compared to the activated carbon ash content ac-
tivated by physical chemistry due to the addition
of Fe,O, magnetic solution to activated carbon.
Furthermore, the MAC adsorption ability test re-
moves Pb(Il) ions in wastewater by 94.8-97.6%.
The adsorption of MAC isotherm to Pb(II) ions
using the Freunlich equation yields the constants
n = 13530, K, = 34.634 mg/g, and R* = 0.91,
while using the Langmuir equation produces the
constants b = 0.7442 L/mg, q, = 78.125 mg/g,
and R? = 0.6692 so that it is more representative
using the Freundlich equation than the Lang-
muir equation. Furthermore, for the testing of the
MAC adsorption kinetics model on Pb(II) ions, it
produced the best adsorption kinetic equation in
the pseudo 2nd order reaction with R* =1 and £,
=0.2737 g/mg.min.
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