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Abstract

The High-Temperature Shift Converter (HTSC) (104-D1) is crucial for
converting CO gas into CO; in the ammonia unit. This is vital as the
presence of CO poses a potential threat to the catalyst in the ammonia
converter. In addition, maintaining HTSC (104-D1) at optimal
performance is crucial, and this is achieved when the percentage of CO
outlet remains below 3.41 mol% on a dry basis. The performance of
HTSC (104-D1) was influenced by operating conditions (pressure and
temperature) and the ratio of steam to carbon. The increase in temperature
leads to an increase in the reaction rate and a decrease in CO conversion
due to a decrease in catalyst performance. Therefore, this research aimed
to assess the performance of HTSC (104-D1) after the Turn-Around
process, specifically focusing on the CO conversion results and operating
conditions. The analysis compared actual HTSC temperature, pressure
drop, and CO conversion with design data using regression equations.
This method predicted a catalyst lifetime of approximately 4 years and 8
months post-Turn-Around.

Keywords: Catalyst lifetime; CO conversion; shift converter; Turn
Around

Abstrak

High-Temperature Shift Converter (HTSC) 104-D1 memiliki fungsi untuk mengonversi gas CO menjadi CO;
pada unit ammonia. Keberadaan CO dapat menjadi racun bagi katalis di ammonia converter. Performa HTSC
(104-D1) dikatakan baik apabila persen CO outlet dibawah 3,41 mol% dry basis. Kinerja HTSC (104-D1)
dipengaruhi oleh kondisi operasi (tekanan dan temperature) serta rasio steam to carbon. Peningkatan
temperature di HTSC (104-D1) menyebabkan naiknya laju reaksi dan turunnya konversi CO karena Kkinerja
katalis yang menurun. Penelitian bertujuan untuk mengetahui bagaimana kinerja dari HTSC (104-D1) setelah
Turn Around (Penggantian katalis) berdasarkan kondisi operasi dan konversi CO. Analisa dilakukan dengan
membandingkan suhu, penurunan tekanan, dan konversi CO dari data aktual dengan data desain menggunakan
metode persamaan regresi untuk memprediksi lifetime katalis. Lifetime katalis HTSC diperkirakan dapat dipakai
sampai dengan 4 tahun 8 bulan setelah Turn Around.

Kata kunci: Konversi CO; lifetime katalis; shift converter; Turn Around
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1. Introduction

The fertilizer business is a crucial
strategic sector for enhancing a nation's
economy by playing an important role in
supporting increased agricultural
production. Urea fertilizer is widely used
in agriculture, and is a key product of PT.
Pupuk Sriwidjaja Palembang is an
Indonesian fertilizer industry offering a
range of products including urea, NPK,
and ammonia fertilizers.

Ammonia is generated through the
reaction of nitrogen gas from the air and
hydrogen derived from natural gas [1]. As
a crucial raw material in urea production at
PT. Pupuk Sriwidjaja, ammonia undergoes
a multi-unit production process, namely
feed treating units, reforming units,
purification & methanation, as well as
compression synlopp & refrigeration units
[2]. The ammonia produced is then used as
a raw material in the urea manufacturing
process through its reaction with carbon
dioxide (CO3). The synthesis gas (syngas),
which consists of a mixture of hydrogen
and nitrogen gases, has a major effect on
the production of ammonia. The
production of synthetic gas occurs in two
stages, namely in primary and secondary
reforming, yielding hydrogen, CO, and
CO: [3].

The synthesis gas purification
process consists of three main parts. First,
the conversion of CO into CO: in the shift
conversion unit, second, the absorption of
CO2 by Benfield's solution in the CO:
absorber. The third stage is the conversion
of CO and CO; gas into methane gas in the
methanator process unit. To optimize
hydrogen yield and remove CO, synthesis
gas will be supplied to the shift converter
[4], where CO reacts with steam (H20) to
form CO- and hydrogen in an exothermic

and reversible process, as shown in the
following reaction.

In the shift converter, the reactions
are both exothermic and reversible [5].
According to the Arrhenius law, increasing
the temperature accelerates the rate of
reaction [6]. However, in line with the Le
Chatelier principle (thermodynamics), a
temperature decrease shifts the equilibrium
to the right [7]. Favorable thermodynamic
conditions, promoting CO conversion and
high  hydrogen yield, result from
exothermic reactions [8]. The shift
conversion reaction in industry is operated
in two stages, including at high and low

temperature.
600
HTS Catalyst:
Fe,04/Cr,04
E T Equilibrium
Temperature

a0 | suft

Interstage
Cooling

Reaction Temperature, ("C)

Cu-ZnO-AlLO,

1 1 1

100
6.0 5.0 4.0 3.0 20 L0 0.0

Exit CO Content, % (Dry basis)

Figure 1. Water gas shift reaction scheme [9]

Figure 1 shows the relationship
between the reaction temperature and the
percentage of unreacted CO, where in the
High-Temperature Shift Converter (HTSC)
the percentage of unreacted CO is around
3%. Subsequently, CO conversion is
relatively low when the operating
temperature deviates significantly from the
equilibrium  temperature. Raising the
temperature is required to improve
conversion and quicken the rate of
reaction. The concentration of CO
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decreases in the reactor due to the greater
temperature, while the concentration of H»
and COz increases. CO; and H:
concentrations will rise until the reactor
achieves its maximum temperature,
however, excessive temperature increases
will lead the reduction in the composition
of CO2 and H,. This happens as the
reaction reaches equilibrium, shifting to
the left and raising the CO
concentration.[10].

CO in the process gas is undesirable
due to its toxicity in catalyst of ammonia
converter, necessitating purification from
the process [11]. This includes shift
conversion of CO to CO; followed by re-
converted in the methanator. Shift
conversion to CO occurs in HTSC and
Low-Temperature Shift Converter (LTSC)
within the ammonia plant. Inadequate
catalyst performance in HTSC can
diminish conversion rates and elevate the
workload on LTSC. Catalyst in HTSC is
replaced periodically during every Factory
Turn Around to maintain the performance
of HTSC device. Therefore, this research
aimed to analyze the performance of
catalyst life based on the percent CO
conversion, temperature, and pressure drop
parameters. The objective is to determine
the most effective duration for using HTSC
catalyst.

2. Research Methods

The analysis of catalyst lifetime in
HTSC (104-D1) process unit at PUSRI 1I-
B Factory involved several stages of data
collection. This included obtaining
essential data such as design and actual
data from June to October 2022. The
evaluation flowchart of HTSC (104-D1) at
the PUSRI 11-B Factory is shown in Figure
2.

2.1 Primary Data
Primary data, obtained directly

from the field during the operation of
HTSC unit with a non-isothermal system,
was collected from PUSRI-IIB ammonia
factory data (Department of Operations
and PUSRI-1IB Ammonia Control Room
log sheet). Table 1 shows the design data
obtained from PT. Pupuk Sriwidjaja
Palembang handbook, including data on
the operating conditions of the tool at
factory start-up (initial factory start
conditions).

Table 1. HTSC (104-D1) design data

Parameter Inlet Outlet
Temperature (°C) 371 431
CO (kmol/hr) 1660,981 507,854
CO; (kmol/hr) 1230,981 2384,175

Literature Review

v

Collecting Actual and
Design Data from HTSC
104D-1

v

Collecting Composition,
Temperature, and Flow
Rate Data at the Inlet and
Outlet from HTSC 104-D1

v

Mass Balance

v

CO Conversion,
AT,and AP calculation

'

Catalyst Lifetime
Analysis

Figure 2. Flow diagram of catalyst lifetime
analysis on HTSC (104-D1)
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2.2 Secondary Data

Secondary data was obtained from
several references such as handbook,
journals, PUSRI website, and the
philosophy of the production process.
Calculation of CO to CO2 conversion in
HTSC (104-D1) follows Equation 1.

Mol Outlet — Mol Inlet ~.(1)

% Conversion = ol Tnlet % 100%

3. Results and Discussion

The reaction in HTSC is both
reversible and exothermic, influenced by
the elevated operating temperature
observed at HTSC outlet. The performance
of HTSC (104-D1) is affected by
temperature, steam-to-gas ratio, pressure
drop, and % CO in an outlet. An elevated
steam-to-carbon (S/CO) ratio improves the
conversion of CO2 and Ha, resulting in a
decrease in CO concentration. Under these
conditions, the diminishing CO

concentration shows a decline in
equipment efficiency [10].

Catalyst used in a reaction, at a
certain time, will have a decrease in
activity, due to its age or lifetime. Catalyst
life is defined as a period during which it
produces the desired reaction product
greater than the reaction product without a
catalyst [12].

Water gas shift HTSC catalysts have
been extensively examined and widely
used industrially because of the low cost,
long service life (3-5 years), and resistance
to poisoning. They are usually operated in
a temperature range of about 320-450 °C
(non-isothermal system). Most HTSC
catalysts are based on Fe;O3 (80-90 wt.%)
and Cr203 (8-10 wt.%), with the balance
being promoters/stabilizers (e.g. CuOy,
Al>QOg, alkali, MgO, Zn0O) [13].

Table 2. CO conversion, AT, and AP calculations of HTSC (104-D1)

co .

No Month (kmol/h) CO”‘(’;“'O” ég ’ ?P )

Inlet Outlet (%) C) (kg/em?)

X Design 1660.982 507.854 69.425  60.000 i

1 June 2021 1102.704 359.184 67427 63070  0.350
2 July 2021 1149.302 249.165 78320  69.240  0.260
3 August 2021 1248.635 275.537 77933 67.270  0.280
4 September2021  1274.798 283.677 77747 66210  0.280
5  October 2021  1288.542 201.262 77396 66.170  0.280
6  November2021  1280.771 202,514 77161  66.150  0.280
7 December2021  1296.887 297,514 77059 66.030  0.280
8  January2022  1246.709 287.613 76930  66.020  0.280
9  February2022 1189501 275.534 76836 65890  0.280
10 March 2022 1252.396 200.275 76822 65860  0.290
11 April 2022 1255.232 297.012 76338 65850  0.290
12 May2022 1046.003 247.686 76321 65780  0.290
13 June 2022 1234.163 202637 76289 65710  0.290
14 July2022 1205.799 287.149 76186  65.670  0.290
15  August 2022 1300.303 312,539 75964 65660  0.290
16 September 2022 1108.742 202.433 75605 65550  0.290
17 October 2022 1258.706 307.306 75586 65370  0.290
18 November 2022  1224.946 302.621 75295 65220  0.290
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The Copper-Promoted Iron catalyst
utilized in HTSC (104-D1) belongs to the
Shift-Max 120 type, specifically designed
for converting CO to CO2 through the
water shift reaction at operating conditions
of  330-500°C. Catalyst chemical
composition includes Fe.Oz 89%, Cr.03
8%, CuO 1.8%, and sulfur less than 150
ppm [14]. The physical properties of the
Copper-Promoted Iron catalyst are in the
form of domed tablets with a density of
1.08 kg/L, a volume of 65 m3 a mass of
70,200 kg, and a size of 6 x 6 mm.

Data for calculating catalyst lifetime
analysis comprises both the design data of
HTSC (104-D1) and the actual operational
data, shown in Table 2. Table 2 shows the
data obtained from June 2021 to November
2022. Catalyst performance in HTSC
(104D-1) was still far above the design
data. The Copper-Promoted Iron catalyst
was replaced during Turn Around in June
2021, and serves as reference data for
conditions pre-replacement.

Based on the observed data, the
performance of catalyst in HTSC (104D-1)
has decreased step by step. Subsequently,
the June 2021 data, representing conditions
before Turn Around, shows a performance
below the design specifications, signaling
the need for catalyst replacement. There
are several parameters observed to
investigate catalyst performance and
lifetime. The parameters used are pressure
drop (AP), temperature profile (AT), and
percent CO conversion on HTSC (104D-1)
[15].

3.1 Catalyst performance according to
pressure drop (AP)

Pressure drop is an operating
condition that can be used to review
catalyst performance because the value of
the pressure drop is related to the reaction

conversion that occurs. A higher pressure
drop tends to decrease reaction conversion,
leading to unreacted reactants [16].

The pressure drop graph in Figure 3
shows a linear trend, implying that over
time, the pressure drop increases. June
2021 pressure drop data serves as a
reference due to the absence of available
design data. This particular dataset is
selected as a reference because it
represents the last operating condition
before Turn-Around. Subsequently, from
July 2021 - November 2022, the value of
the pressure drop tends to increase
periodically, approaching the pressure drop
value of the reference data. This condition
shows that catalyst performance has
decreased, specifically on the active side.
According to the research conducted by
Utomo & Laksono [17], it was reported
that one of the causes of catalyst
deactivation, namely fouling, occurred due
to material clumping on the active side.
The increase in the amount of relatively
large deposits will close the active sites of
catalyst, and fouling of catalyst will
increase the pressure drop in the reactor.

A decrease in catalyst activity may
stem from obstructed pores, creating a
pressure difference between the inlet and
outlet. Closed catalyst pores may result
from compounds that act as poisons. These
chemical compounds cover catalyst pores
as their molecular size exceeds that of
pores [18]. The closed catalyst pores will
prevent CO gas from reacting with H20 to
form CO,, causing a decrease in CO
conversion from the design level. CO that
escapes will exacerbate the performance of
the next shift conversion process unit,
namely LTSC (104D-2A/B).

Based on the graph obtained, the
trendline is 0.655. This showed that the
data obtained has sufficient validity to be
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used as a review of catalyst performance
evaluation. This means that 65.50% of the
data is valid to show the performance of
catalyst.

From the graph equation and using
the goal-seek method, the remaining
lifetime of catalyst can be predicted. By
substituting the value 0.35 as y on the
graph, the corresponding month shows
when catalyst will reach a value of 0.35.
From this data, the remaining lifetime is
calculated as 3 years and 6 months. This
implies that catalyst can continue to be
used for the next 3.5 years, showing an
actual catalyst lifetime of 4 years and 11
months since catalyst replacement.

According to the data, the lower
process conditions affect lifetime of the
use of catalyst. This is also supported by
the condition of the pressure drop which is
still below the reference. The use of
catalysts for many years will result in the
accumulation of these catalyst-toxic
compounds increasing  every  Yyear.
Although the actual concentration is very
small and negligible, it can lead to large
accumulations over several years. The
result is that catalyst will be deactivated
[19].

o
w
<

—— ACTUAL
—— PREDICTION
REFERENCE
>REFERENCE

o
w
«

o
w
w

Pressure Drop (AP). kg/cm?)
.
-

y=0.0013x+0.2726 ... Linear (ACTUAL)
2=
029 R*=0.655
0.27
0.25
0 20 40 60 80

Time (t), Month
Figure 3. Effect of time on pressure drop

3.2 Catalyst performance according to
temperature (AT)

Temperature is an integral factor in
chemical  reactions, particularly in
industrial processes. It is closely tied to the
minimum energy required to initiate a
chemical reaction, known as activation
energy [18]. The reaction in HTSC is
exothermic. In an exothermic reaction, the
enthalpy value of the reactants is greater
than the enthalpy of the products, which
results in the release of heat from the
system to the surroundings. Therefore, the
increase in temperature in HTSC shows
that a reaction has occurred in the process
equipment.

Achieving a high CO conversion
percentage is possible with low operating
temperatures, but it is crucial to maintain
the temperature above the steam
condensation point. An increase in the
temperature profile causes the equilibrium
to shift to the left, thereby CO exit is
greater, but Kinetically, the high
temperature can accelerate the reaction rate
and approach conversion at equilibrium
conditions [20]. Elevated temperatures are
problematic as they can harm the HTSC
catalyst, leading to reduced performance.
Maintaining an optimal temperature is
crucial for the efficient conversion of CO
to CO2, preventing issues such as catalyst
deactivation through sintering. Sintering
results in a decreased contact surface area,
consequently diminishing catalyst activity
[5].

Based on the graph in Figure 4, the
actual data tends to form a linear line, the
trendline of the graph obtained is 0.5498.
This shows that the data obtained has
sufficient validity to be used as a review of
catalyst performance evaluation. This
means that 54.98% of the data is valid to
show the performance of catalyst. The
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actual data for July 2021 — and November
2022 appears quite distant from the design
data which shows that HTSC catalyst is
still functioning properly starting from
catalyst  replacement  period  until
November 2022.

According to the graph equation and
using the goal-seek method, the remaining
catalyst lifetime can be predicted.
Substituting a y-value of 60 into the graph
predicts a remaining catalyst lifetime of 3
years. Consequently, catalyst is projected
to be usable for the next 3 vyears,
contributing to a total catalyst lifetime of 4
years and 5 months. This estimation guides
considerations for catalyst replacement.
The difference in lifetime is due to the
small percentage of data validation.
Despite their differences, they can be taken
into account when considering catalyst
replacement.

70
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) R?*=0.5498 —— ACTUAL
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3.3 Catalyst performance according to CO
conversion

Conversion shows the extent to
which the reactants transform into
products, serving as a crucial indicator for
catalyst performance. Various operating
conditions, including pressure drop,
influence conversion. A higher pressure
drop correlates with lower reaction
conversion in the process [16]. Based on
PT. Pupuk Sriwidjaja handbook, the shift
converter targets around £70% CO
conversion in HTSC, with nearly perfect
CO conversion in LTSC. The design data
shows a conversion value of 69.42% which
is quite appropriate. However, data for
June 2021 shows a value of 67.43% which
shows that the performance of catalyst is
below the design data.

Based on the graph in Figure 5, the
actual data tends to form a linear line, the
trendline of the graph obtained is 0.9752.
This shows that the data obtained has great
validity to be used as a review of the
catalyst performance evaluation. This
means that 97.52% of the data is valid to
show the performance of catalyst. Actual
data for July 2021 - November 2022
appears quite distant from the design data,
which shows that HTSC catalyst is still
functioning properly starting from catalyst
replacement period until November 2022.

From the graph equation and using
the goal-seek method, the remaining
lifetime of the catalyst can be predicted.
Substituting a y-value of 69.42 into the
graph predicts a remaining catalyst lifetime
of 3 years. This projection shows that
catalyst is expected to remain effective for
the next 3 years, providing valuable
information for ongoing usage and
replacement considerations.

In June 2021, the Turn Around
operation aimed to clean equipment and
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replace catalysts on the HTSC bed, to
enhance production efficiency and increase
CO conversion. Data for June 2021
showed a conversion value of about
67.43%, despite being below the designed
value, this data remained valuable as a
reference since it represents the latest
information just before catalyst
replacement. Substitute 67.43 for y on the
graph to determine when the catalyst value
reaches 67.43. With this information, the
catalyst has a remaining lifetime of 3 years
and 10 months, showing that it can be used
for a total of 4 years and 8 months.

The data shows that the catch unit
can still operate with a conversion
percentage below the design data, although
it is still about £70%. The consequence of
this is an increased workload for LTSC,
the subsequent shift converter unit. The
observed decrease in conversion suggests a
potential decline in catalyst activity.
Concurrently, a reduction in conversion
implies a decrease in catalyst activity [21].
The actual conversion, however, is not
only influenced by catalyst activity but
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Abstract

The high production of kepok banana is generating a significant amount
of peel waste, contributing to environmental pollution. To address this
issue, an innovative solution is the conversion of kepok banana peel into
cellulose acetate as raw material for membrane production. Therefore,
this research aimed to manufacture kepok banana peel cellulose acetate
using varying concentrations of 1%, 1.5%, and 2% NaOH solvent, with
acetylation times of 2 hours and 2.5 hours, respectively. The optimal
results were achieved using 1% NaOH with kepok banana peel cellulose
content of 56.07%. Furthermore, the best acetylation time occurred at a
duration of 2.5 hours, producing a cellulose acetate content of 38.23%
and a 2.3% degree of substitution (DS). These results suggested that the
optimal combination for producing membrane from kepok banana peel
is 1% concentration with an acetylation time of 2.5 hours, classifying it
as cellulose diacetate.

Keywords: acetylation; cellulose; cellulose acetate; delignification;
Kepok banana peel

Abstrak

Tingginya produksi kulit pisang kepok menghasilkan limbah kulit pisang yang mencemari lingkungan. Salah
satu solusi dan inovasi untuk mengatasi permasalahan tersebut adalah dengan mengolah kulit pisang kepok
menjadi selulosa asetat sebagai bahan baku pembuatan membran. Pembuatan selulosa kulit pisang kepok
menggunakan variasi konsentrasi pelarut NaOH 1%, 1,5% dan 2%. Sedangkan pembuatan selulosa asetat dari
kulit pisang kepok menggunakan variasi waktu asetilasi 2 jam dan 2,5 jam. Hasil penelitian terbaik terdapat
pada pelarut NaOH 1% dengan kadar selulosa kulit pisang kepok sebesar 56,07%. Waktu asetilasi terbaik yaitu
2,5 jam menghasilkan kadar selulosa asetat sebesar 38,23% dan derajat substitusi sebesar 2,3%. Berdasarkan
hasil penelitian, selulosa asetat 1% dengan waktu asetilasi 2,5 jam merupakan jenis selulosa diasetat untuk
pembuatan membran selulosa asetat kulit pisang kepok.

Kata kunci: asetilasi; delignifikasi; kulit pisang kepok; selulosa; selulosa asetat
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1. Introduction

Indonesia is widely recognized for its
extensive natural resources and holds a
significant position as a leading banana
producer globally. Generally, banana is a
fruit plant, consisting of roots, stems,
leaves, fruit flesh, and peel. The volume of
banana production in the country from
2013 to 2017 was 6,279,279 tons,
6,862,558 tons, 7,299,266 tons, 7,007,117
tons, and 7,162,678 tons, respectively [1].
Among popular varieties, kepok banana
(Musa balbisiana) is widely used for its
meat as a processed food. However, the
community has not fully optimized the use
of kepok banana peel, resulting in
immediate disposal as waste in the
environment. This phenomenon contribute-
s to environmental pollution and disrupts
the  aesthetics  ofthe  surrounding
community. In order to address this issue,
kepok banana peel is converted into
cellulose acetate as raw material for
membrane production.

Cellulose acetate membrane has
become a significant technology in the
field of renewable  microfiltration
membranes, currently gaining attention
and rapid development globally [2]. This
membrane is made of a natural polymer
that has been developed as an alternative to
conventional separation processes [3]. The
natural polymer materials used in the
manufacturing process are cellulose and
cellulose acetate. Moreover, cellulose is
obtained from kepok banana peel waste,
which is used to manufacture membrane,
consisting of 60-65% cellulose, 6-8%
hemicellulose, and 5-10% lignin. Cellulose
can be made into cellulose acetate through
acetylation reactions [4]. Kepok banana
peel waste is also processed into cellulose
acetate by varying the speed of stirring
through the acetylation process [5].

Cellulose  acetate has  distinct
characteristics, including an asymmetric
structure with an ultra-thin active layer,
capable of retaining dissolved materials on
a rough support layer. Furthermore, it is
resistant to  precipitation, producing
biodegradable, hydrophilic, and
hydrophobic properties for use as a raw
material in  membrane  production.
Cellulose acetate has a chemical property
that allows it to dissolve in acetone [6][7].
The use of agar processing waste offers a
viable pathway to produce cellulose
acetate. This process uses various solvents
such as NaOH at 3%, 6%, and 9% during
isolation and variations in the ratio of
cellulose acetate anhydride in the
acetylation. The results showed that 6%
NaOH could produce a hemicellulose
content of 24.92% and the highest 53.33%
alpha cellulose with a 24.92% vyield value.
The optimal ratio of cellulose and acetic
anhydride to obtain cellulose acetate is
1:10, showing a whiter cellulose acetate
color with a yield of 26.19% and an acetyl
content of 43.5% [8]. The conversion of
coconut coir into cellulose acetate has also
been carried out, with varying volumes of
acetic anhydride. The results showed that a
maximum volume of 60 ml yielded an
acetic anhydride with an acetyl content of
50.8737% and a Degree of Substitution
(DS) of 3.8126% [9]. Another study has
used empty palm fruit bunch pulp as a
cellulose acetate product. The results
obtained cellulose acetate levels ranging
from 18-48% with an optimum acetylation
time of approximately 2-3.5 hours [10].
Waste from cassava stems has been found
effective in cellulose acetate production,
yielding a content of 41.01%, and
classified as cellulose diacetate [11].

Based on the problems above, this
research aimed to apply kepok banana peel
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waste in the manufacturing of cellulose
acetate as a raw material for membrane
production. The novelty is variations in the
concentration of NaOH solvent (1%, 1.5%,
and 2%) in the delignification process and
acetylation time. A NaOH solvent with a
higher concentration causes the
degradation of cellulose, leading to a
decrease in cellulose levels in the
delignification process. The percentage of
cellulose acetate content increased to a
maximum at an acetylation time of 2.5
hours. However, prolonged acetylation
reaction time results in decreased cellulose
acetate  content, showing a direct
proportionality to the DS [12][13]. This
research is anticipated to minimize kepok
banana peel waste and obtain optimal
cellulose acetate as a raw material for
cellulose acetate membrane production.

2. Research Methods
2.1 Instruments and Materials

The kepok banana peel was obtained
from a fried banana seller in Cilacap. The
chemicals used include NaOH,
CH3COOH, (CH3CO),0, and H2SO4
obtained from Merck, while NaOCIl and
Aquadest were collected from Brataco.
The instrument was glassware, sieve 60
mesh,  analytical  balance,  Fourier
Transform Infra-Red (FTIR) specification
Bruker Alpha 1l Platinum-ATR, and
Scanning Electron Microscope (SEM)
merk Tescan.

2.2 Preparation of Cellulose

The preparation of kepok banana peel
cellulose commenced with a
delignification process to remove the
lignin and hemicellulose content, obtaining
a high cellulose content. Kepok banana
peel measuring 60 mesh and 50 grams was
added to a 1% NaOH solution and refluxed

at 70°C for 2 hours. The precipitate of
kepok banana peel was filtered and washed
using distilled water to achieve a neutral
pH of 6.5-7.5. This was followed by
bleaching the delignified peel with a
1.75% NaOClI solution, using a sample-to-
NaOCI solution ratio of 1:25, and heating
at 70°C for 1 hour. Subsequently, filtration
and neutralization were carried out using
distilled to obtain a neutral pH. The
cellulose content and functional groups
were analyzed using the FTIR
instrumentation and the surface structure
with the SEM on delignified kepok banana
peel.

2.3 Preparation of Cellulose Acetate

The preparation of cellulose acetate
was carried out by mixing 75 grams of wet
cellulose powder with 150 ml of a 30%
glacial acetic acid solution, followed by
heating, and stirring at 38°C for 60
minutes. Approximately 1 ml of a 2%
sulfuric acid solution was added, heated,
and stirred at the same conditions.
Furthermore, the acetylation process was
carried out by adding 40 ml of a 30%
acetic anhydride solution, heating, and
stirring at 38°C, with variations lasting for
2 and 2.5 hours, respectively. This was
followed by the addition of 10 ml of
distilled water and 20 ml of a 30% glacial
acetic acid solution, which was heated and
stirred at 50°C for 30 minutes. The solution
was allowed to stand, forming a
precipitate, which was placed in 500 ml of
distilled water to achieve white cellulose
acetate flakes. The cellulose acetate was
filtered and neutralized using distilled
water until the sour smell disappeared.
Subsequently, cellulose acetate content and
Degree of Substitution (DS), functional
groups were also analyzed using the FTIR,
and the surface structure of the cellulose
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acetate was measured with SEM
instrumentation.

3. Results and Discussion
3.1 Kepok Banana Peel Cellulose

In this research, kepok banana peel
cellulose  was produced through
delignification, bleaching, and washing
processes. The delignification process
using NaOH solvent was carried out to
reduce the lignin and hemicellulose
content. Delignification produced
cellulose, which was distinguished by a
blackish brown color, as moist powder
kepok banana peel. The bleaching process
was performed to whiten the cellulose
content, which has a blackish-brown color
from the results of delignification. After
the cellulose was washed with distilled
water to neutralize its pH, which ranged
from 6.5 to 7, a white, odorless product
was produced. Figure 1 shows the results
of delignification and bleaching in the
form of cellulose from kepok banana peel
waste.

(a) (b)

Figure 1. Delignification of kepok banana peel
cellulose a) before bleaching; b) after
bleaching

The analysis of the cellulose content
of kepok banana peel was carried out using
the Chesson method [13]. Based on the
results, the cellulose content was found to
be 56.07%, 46.54%, and 44.54%, in 1%,
1.5%, and 2% NaOH solvent. This showed
that the interaction between lignin

compounds and NaOH solvents produced
the best results at a concentration of 1%.
The lignin content in the kepok banana
peel was degraded due to an increase in the
cellulose content of the kepok banana peel.
This suggested that NaOH with a higher
concentration would cause the degradation
of cellulose, thereby leading to a decrease
in the cellulose content obtained in the
extraction results [12][13].

Functional group analysis was
carried out to identify the presence of
functional groups and wave numbers based
on the bonds contained in the cellulose of
the kepok banana peel. Subsequently, tests
were carried out using the Bruker Alpha Il
Platinum-ATR FTIR instrumentation at the
Engineering Laboratory of Politeknik
Negeri Cilacap. Figure 2 shows the results
of the analysis of functional groups and
wave numbers formed in kepok banana
peel cellulose from delignification with
1%, 15%, and 2% NaOH solvent
variations.

Based on Figure 2, it was discovered
that 1% NaOH solvent showed the
absorption of functional groups typical for
cellulose compounds. The absorption
depth at wave number 3334.03 cm’
indicated the presence of the O-H stretch
functional group, and wave number
2850.11 cm™ proved the presence of the C-
H stretch functional group. Furthermore,
the absorption depth of wave numbers
1462.26 cm™ and 1159.88 cm™, showed
the existence of the CH> bend and C-H
bend functional group. The absorption
depth of 1036.84 cm? wave numbers
proved the existence of the C-O stretch
functional group.

The functional group and wave
number analysis of cellulose kepok banana
peel with 1.5% NaOH variations also
demonstrated the absorption of functional
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groups that are characteristic of cellulose
compounds. The absorption depth at wave
number 3328.88 cm? indicated the
presence of the O-H stretch functional
group and C-H at 2851.32 cm™.
Furthermore, the absorption depth of wave

numbers 1374.60 cm™ and 1156.15 cm,
indicated the presence of the CH, bend and
C-H bend functional groups. The
absorption depth of 1032.23 cm™? wave
numbers showed the existence of the C-O
stretch functional group.
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Figure 2. FTIR spectra of kepok banana peel cellulose with various concentration NaOH solvents
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Figure 3. Surface structure of kepok banana peel cellulose with NaOH solvent variations

a) 1%; b) 1.5% and c) 2%
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The analysis results of functional
groups and wave numbers of cellulose
kepok banana peel with variations in the
2% NaOH solvent showed the absorption
of cellulose compounds. The absorption
depth at wave number 3335.24 cm’
indicated the presence of the O-H stretch
functional group, while 2163.74 cm
showed C-H stretch. Furthermore, the
absorption depth of wave numbers 1634.77
cm? and 1158.99 cm?, proved the
existence of the CH, bend and C-H bend
functional groups. The absorption depth of
1035.29 cm™ wave numbers indicated the
existence of the C-O stretch functional
group.

Figure 3 shows the analysis of the
surface structure of cellulose kepok banana
peel resulting from delignification of 1%,
1.5%, and 2% NaOH solvent variations.
The analyses were carried out using the
SEM instrumentation of the Tescan brand
located at the Environmental Physics
Laboratory of Politeknik Negeri Cilacap.

Figure 3 (a) shows that the surface
structure of 1% cellulose is smoother, with
more fibers and a hollow structure, as
observed at Mag 679x magnification.
Furthermore, 1.5% concentration as
presented in Figure 3 (b) shows a widened
and fibrous pore surface structure observed
with Mag 893x magnification. A 2%
concentration, as illustrated in Figure 3 (c)
showed a flat and dense fiber surface
structure at magnification 387x. Based on
the results, it was concluded that cellulose
with 1% NaOH solvent produced the
optimal surface structure.

3.2 Kepok Banana Peel Cellulose Acetate
In this study, an acetylation method
with 2 and 2.5 hours variations was used to
create the cellulose acetate of kepok
banana peel. acetylation is a chemical

reaction in which a different substance is
substituted for the acetyl group.

During the acetylation process, a
solution of acetic acid anhydride is used as
a reagent, where the cellulose reacts with
acetic anhydride to form cellulose acetate.
Sulfuric acid is used as a catalyst to add a
positive charge to the acid, accelerating the
reaction and lowering the activation
energy. Consequently, chemical reactions
occur more easily and acetyl groups can be
substituted by hydroxyl groups [9]. In
cellulose acetate, the hydroxyl group is
replaced by an acetyl group in the form of
a white, tasteless, non-toxic, and odorless
solid. In this research, the synthesis of
cellulose acetate from kepok banana peel
obtained a white and odorless product, as
shown in Figure 4.

Figure 4. Kepok Banana Peel Cellulose
Acetate

The analysis of cellulose acetate
content and DS of kepok banana peel was
carried out at 1% NaOH solvent and
varying acetylation times of 2 hours and
2.5 hours. Moreover, the analysis was
performed to determine the type of
cellulose acetate produced in this research,
including monoacetate, diacetate, or
triacetate. At 1% NaOH solvent and an
acetylation time of 2 hours, the results
showed that the cellulose acetate content
was 34% with a DS of 1.9%. Meanwhile,
1% NaOH solvent at 2.5 hours obtained a
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content of 38.23% and 2.3% DS. An
increasing trend was also observed in
acetylation time as the cellulose acetate
and the DS of kepok banana peel

melting point of cellulose acetate ranged
from 170 to 240°C. In this research, it was
discovered that concentration at 1% NaOH
solvent and acetylation time of 2.5 hours

increased. The maximum increase in served as a type of cellulose diacetate
cellulose acetate levels occurred at 2.5 effective for the production of membrane
hours of acetylation time. Moreover, from kepok banana peel [15].

longer acetylation reaction time resulted in
reduced cellulose acetate content [10][14].
The content of cellulose acetate is directly
proportional to DS, with a higher value
causing an increase in its melting point.
Previous studies have established that the

The functional group analysis was
carried out to identify the presence of
functional groups and wave numbers based
on the bonds contained in the cellulose
acetate of kepok banana peel, as shown in
Figure 5.
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Figure 5. FTIR spectra of kepok banana peel cellulose acetate in 1% NaOH solvent with variations in
acetylation time a) 2 hours and b) 2.5 hours

Table 1. Functional group of kepok banana peel cellulose acetate with 1% NaOH and acetylation time

Commercial

Acetylation Time

FLéanOt:Jopnsal Wa\zgnl:l_llj)rl]ber Cellulose Acetate 2 Hours 2.5 Hours
(cm™)* (cm™) (cm™)

O — H Strectch 3750 — 3000 3486.97 3334.93 3328.12
C — H Strectch 3000 - 2700 2960.38 2916.79 2916.22
CH; Bend 1475 — 1300 - 1426.26 1429.75
C - H Bend 1300 - 1000 1383.89 1157.60 1263.64
C — O Strectch 1050 — 1000 - 1031.95 1033.03

*Source: [8]
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Figure 5 shows the analysis of
functional groups and wave numbers of
cellulose acetate from kepok banana peel
in 1% NaOH solvent with acetylation time
of 2 hours. Based on the results, a typical
absorption of functional groups in the
cellulose acetate compound was observed.
The absorption depth at wave number
3334.93 cm™ showed the presence of the
O-H stretch functional group, while
2916.79 cm? indicated C-H stretch.
Furthermore, the absorption depth of wave
numbers 1426.26 cm™ and 1157.60 cm™
showed CH; and C-H bend functional
groups, respectively. The absorption depth
of 1031.95 cm™ wave numbers indicated
the existence of the C-O stretch functional
group. The results of the FTIR spectrum
analysis of cellulose acetate from kepok
banana peel in 1% NaOH solvent with
variations in the acetylation time of 2.5
hours above also showed the presence of
functional group absorption in the
cellulose acetate compound. At wave
number 3328.12 cmt, the presence of O-H
stretch was indicated, while 2916.22 cm*
showed C-H stretch functional group. The
absorption depth of wave numbers 1429.75

cm? and 1263.64 cm? indicated the
existence of the CH; bend and C-H bend
functional  groups.  Meanwhile, the
absorption depth of 1033.03 cm? wave
numbers indicated the presence of the C-O
stretch functional group [16]. Table 1
further illustrates the functional groups of
kepok banana peel cellulose acetate in 1%
NaOH solvent at acetylation times of 2
hours and 2.5 hours.

The analysis of the surface structure
of kepok banana peel cellulose acetate at
varying acetylation times of 2 hours and
2.5 hours is shown in Figure 6. Cellulose
acetate with 1% NaOH solvent and
acetylation time of 2 hours showed a flat
top surface, characterized by several spots
resembling raisins when viewed with Mag
108 x  magnification.  Furthermore,
cellulose acetate with 1% NaOH solvent
and acetylation time of 2.5 hours showed a
regular structure and hollow fibers with a
magnification of 3.52 kx. In this research,
the optimal results of surface structure
analysis were obtained at a concentration
of 1% NaOH solvent and an acetylation
time of 2.5 hours.

Figure 6. Surface structure of cellulose acetate kepok banana peel variation acetylation time a) 2 hours

and b) 2.5 hours
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renofitriyanti@univpgri-palembang.ac.id - Acidizing treatment is commonly used to solve scale problem on

production equipment. In this process, Hydrochloric acid (HCI) is often
used to treat CaCOs scale, posing the risk of pipe corrosion due to its
high corrosive characteristics. Thus, the purpose of this study was to
determine the impact of adding EDTA additive into HCI solution during
the acidifying treatment procedure. The methodology included various
stages such as scale identification, chemical scale removal test using
7.5% and 15% HCL solution, 15% HCI solution test with EDTA as an
additive, and corrosion determination using corrosion coupon. The
results showed that 15% HCI solution was very effective in removing
CaCO;s scale but had a high corrosion rate of 186.255 mpy. Furthermore,
the addition of 10 mL EDTA solution as an additive removed scale and
reduced corrosion rate by approximately 85%.

Keywords: acidizing treatment; EDTA; hydrochloric acid; scale

Abstrak

Acidizing treatment adalah metode yang umum digunakan dalam mengatasi masalah scale pada peralatan
produksi. HCI merupakan jenis asam yang sering digunakan dalam mengatasi scale CaCOs;. Namun
penggunaan HCI dapat menyebabkan korosi pada pipa karena memiliki sifat korosif yang tinggi. Penelitian ini
bertujuan untuk menggetahui pengaruh penambahan zat additive EDTA dalam larutan HCI pada proses
acidizing treatment. Tahapan penelitian dilakukan meliputi identifikasi scale, uji chemical scale dispersant
menggunakan larutan HCI 7,5% dan 15%, uji larutan HCI 15% yang ditambah EDTA sebagai zat additive serta
identifikasi korosi dengan corrosion coupon. Hasil penelitian menunjukkan larutan HCI 15% sangat efektif
dalam menghilangkan scale CaCOs, tetapi memiliki nilai laju korosi yang tinggi sebesar 186,255 mpy.
Penambahan zat additive larutan EDTA sebesar 10 mL pada metode acidizing treatment mampu menghilangkan
scale CaCO3;dan mengurangi laju korosi hingga 85%.

Kata kunci: acidizing treatment; asam klorida; EDTA; scale
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1. Introduction

Crude oil is a hydrocarbon
compound that produces water, oil, and
gas in the production process. As these
three fluids flow to the surface, friction,
changes in flow rate, and pressure cause
scale formation on pipe walls [1]. Scale,
corrosion, and emulsion are common
production  problems in oil field
environments [2].

The presence of a crystal-shaped
scale is closely related to the content of
cations and anions in water formation [3].
It can form layers capable of reducing pipe
diameter, decreasing the flow rate, and
causing pipe blockages. Scale also results
in corrosion due to the reaction of metal
with ions adhering to the surface [4],
causing an increase in pressure inside the
pipe, leading to rupture [5].

Prevention and reduction of scale
formation can be achieved by injecting
chemical substances. To address the issue
of scale formation, acidizing treatment, or
acid stimulation, is a commonly used
method [1]. This method includes injecting
specific acids into production well to
dissolve deposits or inhibit crust formation
[6].

Hydrochloric  acid  (HCI) s
commonly used to address scale issues in
production pipe, serving as the most
common solvent to dissolve CaCOz scale
[7]. The reaction between HCI and
carbonate effectively dissolves scale [8],
posing the risk of pipe corrosion due to the
high corrosiveness [9]. To address pipe
corrosion when using HCI in acidizing
treatment, an additive is introduced to act
as an inhibitor [6].

Mixtures of organic acids can be
used as additives to reduce the excessive
corrosiveness of HCI [10]. The addition of
consists of scale and corrosion coupons,

organic substances is commonly applied to
enhance the corrosion resistance of
reinforced concrete in marine
environments [11]. Organic compounds
can also inhibit corrosion, specifically in
acidic  environments [12].  Previous
research reported that the addition of
organic substances such as oleic acid and
arginine in acidizing treatment showed
promising abilities in reducing corrosion
rates [13][14]. However, the use of
inorganic  substances as  corrosion
inhibitors is limited due to environmental
risks [15]. Organic compounds are a more
environmentally friendly and efficient
alternative to corrosion inhibitors in
formation of adsorption films [16] [17].

The solution of Ethylene Diamine
Tetraacetic Acid (EDTA) is a synthetic
organic acid capable of forming bonds
with various metal ions. The solution can
adhere to the metal surface, acting as a
coating that does not come into contact
with the flow, thereby inhibiting metal
oxidation and preventing corrosion [18].

Previous research showed that HCI
solutions were available and efficient in
addressing scale but may lead to corrosion
on equipment. This limitation shows the
need to investigate the effect of adding
additives  to  acidizing  treatments.
Therefore, this research aimed to
determine the impact of adding EDTA as
an additive in acidizing treatment on scale
solubility and corrosion rate in oil field
production facilities.

2. Research Methods
2.1 Instruments and Materials

The instruments used in this research
are corrosion and scale systems, as shown
in Figure 1. Furthermore, the instrument
including service valves and retrievers,
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which function as the upper assembly to
install and place coupons into the
production pipe (flowline). Coupon holder
was used to secure the voucher inside
production pipe, followed by the cover for
coupons and holder assembly. Other tools
used include a pH meter and a DR 5000
spectrophotometer. The materials used
included formation water samples, CaCOs
scale obtained from the oil well production
pipe (flowline), deionized water (aquades),
NaOH, pH 10 buffer solution, EBT
indicator, "Vario Ferro F10" reagent,
potassium chromate indicator, AgNOs3,
reagen ‘“Vario Sulpha 4/F10”, reagent,
scale dispersant (HCI), and the additive
substance EDTA (Merck).

2.2 Research Stages
2.2.1 Scale Identification

Scale identification was conducted
through the analysis of the ion content in
formation water and measuring scales
formed on production equipment. The ion
content formed in formation water was
analyzed using quantitative analysis, which
included titrimetric and spectrophotometric
analyses. The measurement was conducted
by installing a scale coupon on production
equipment. In the first step, the cover
holder of coupon was opened and
assembled with the service valve as well as
the retriever. The service valve was
installed at the designated point for placing
coupon as presented in Figure 1.
Subsequently, a coupon was placed on
production pipe (flowline) for a specific
period to obtain samples and scale size of
the coupon.

2.2.1.1 pH Measurement

pH measurement was carried out by
immersing the pH meter in formation
water. Subsequently, the pH value was

read when the instrument showed a stable
number.

2.2.1.2 Calcium and Magnesium Content
Measurement

The measurement of calcium ions
(Ca?*) and magnesium ions (Mg?") was
performed using titration methods. A total
of 10 mL of formation water sample was
placed into a 100 mL volumetric flask and
diluted with deionized water to 100 mL.
Subsequently, 10 mL of diluted solution
was mixed with 10 drops of 1 N NaOH
solution and murexide indicator. The
solution was titrated with a standard EDTA
0.02 N solution to achieve a color change
from pink to purple (titrant volume = A).
Subsequently, 1-2 mL of pH 10 buffer
solution and 30-50 mg of EBT
indicator/solution were added to 10 mL
diluted sample solution. The solution was
titrated with a standard EDTA 0.02 N
solution until a red-to-violet color change
occurred, turning blue (titrant volume = B).
Ca?* and Mg?* content were calculated
using Equations 1 and 2.

Retreiver

Service Valve

Cover Holder

Coupon Holder

Scale Coupon

Figure 1. Corrosion and scale system
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2.2.1.3 Measurement of Total Iron (Fe)

The measurement of iron ions were
performed using a DR 5000
spectrophotometer. Initially, 10 mL of
formation water was placed into a sample
bottle with a diameter of 24 mm or 10 mm
cuvette and tightly sealed. The sample bottle
was placed in spectrophotometer sample slot
and the instrument was calibrated by
pressing the "ZERO" button. Subsequently,
the sample bottle was removed, the "Vario
Ferro F10" reagent was added, and it was
tightly sealed and inverted to ensure a
thorough mixture. This was followed by
placing the sample slot and pressing the
"TEST" button. After the reaction occurred
for 3 minutes, the measurement results were
displayed in mg/L.

2.2.1.4 Chloride Content Measurement

Chloride ion (Cl-) measurement was
carried out using titration methods.
Initially, 1 mL of 5% w/v potassium
chromate indicator was added to the
sample. This was followed by titration
using the AgNOs solution until a color
change from yellow to brick red occurred.
Cl- concentration was calculated using
Equation 3.

2.2.1.5 Barium Content Measurement

The measurement of barium ions was
carried out using a DR 5000
spectrophotometer. A 100 mL sample of
formation water was added to 5 mL of
hydrochloric acid and heated until almost
dry. Subsequently, the solution was
diluted, and the absorbance was measured
with a spectrophotometer. Barium content
was calculated using Equation 4.

2.2.1.6 Sulphate Content Measurement
Sulphate ion (SO4%) was measured
using DR 5000 spectrophotometer. A 10

mL of formation water was placed into a
sample bottle with a diameter of 24 mm or
10 mm cuvette and tightly sealed. The
sample bottle was placed in the
spectrophotometer sample slot, and the
instrument was calibrated by pressing the
"ZERQO" button. The sample bottle was
removed, the "Vario Sulpha 4/F10" reagent
was added, tightly sealed, and inverted to
ensure thorough mixing. This was
followed by placing the bottle in the
sample slot and pressing the "TEST"
button. After the reaction occurred for 5
minutes, the measurement results were
shown in mg/L.

2.2.1.7 Sodium Content Measurement

The measurement of sodium ions
(Na*) was carried out by comparing the
difference between the total number of
anions and cations. The results of anion
and cation analyses in mg/L were
converted to milliequivalents/L (mEg/L).
The quantity of Na* was obtained by
subtracting the total mEq of anions from
the mEqg of cations. Subsequently, the
mEg/L value of Na" was converted to
mg/L Na* by multiplication with the
correction factor.

Cﬁ:+|:'ppm:| = M .................. (1)
J"fﬂ:+|:'ppm:| - IB—AII.‘-'I:-t axio00 )
. _ (Vol titran)x(Ntitran)x35,450x1000
Cl™(ppm) = =
.......... (3)
barium E‘D?!EE?!E(%} =CXfP i 4
Explanation:
V  =sample volume (mL)
N  =normality of EDTA solution
A = volume of EDTA titrant required using

murexide indicator
B  =volume of EDTA titrant required using EBT

indicator

C  =concentration obtained from the
measurement

fp = dilution factor
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2.2.2 CaCOs Scale Dissolution Test

The scale sample used was 25
grams, with the volume of HCI solution,
serving as scale dispersant, which varied at
0 mL, 10 mL, 20 mL, and 30 mL. Both
components were placed in a container and
soaked for 1 hour at room temperature.
Subsequently, the solution was filtered to
collect the undissolved scale sample. After
drying, the sample was weighed, and the
dispersed portion was calculated using the
formula in Equation 5. The test was also
conducted using a mixture of HCI solution
(30 mL) and EDTA additive at
concentrations of 0, 5, 10, 20, and 30 mL.

2.2.3 Corrosion Test

Approximately 25 grams of scale
were weighed and placed into a test vessel
using a holder containing 500 mL of
dispersant solution, or approximately 2/3
of the test specimen volume. Scale
dispersant solution consisted of EDTA
solution with varying volumes ranging
from 0 mL, 5 mL, 10 mL, 20 mL, and 30
mL, which was added to a 15% HCI
solution, lasting for 24  hours.
Subsequently, the test specimen was lifted,
cleaned, and reweighed to determine the
lost mass. The corrosion rate was
calculated using Equation 6.

(M0 - (ML)

o N LD Rl 1Y)
bo lost moss = o r 100 ........ (5)
- (Mo — M1

COTTOSION rate = —Fmrs s (6)

Where:

Mo = Initial mass
M; = Final mass

A = Surface area
t =Time

p = Density

3. Results and Discussion
3.1 Scale Identification

Scale is a solid compound
originating from substantial amounts of
ions present in water formation [19].
Furthermore, it disrupts the flow by
reducing the inside diameter of the pipe
which can hinder production and damage
equipment [20].

Scale identification was conducted to
understand the characteristics of scale
formed inside the pipe. To measure scale
growth, coupons are weighed by
determining the increase in mass per unit
of time. The component of water passing
through the pipe generally affects scale
formation, which is determined based on
tests characterizing ions [8].

The results of formation water
characteristics test in Table 1 showed the
composition of ion content present in
scale. The measurement results showed
that the formation water has a pH of 7.34.
This is because a higher pH increases the
tendency for CaCOz scale formation.
Based on the characteristic test, the formed
scale was identified as carbonate, with a
measured mass of 377.116 grams over 10
days.

Table 1. Identification test results

Parameter mg/L mEq/L
Ca? 236.472 11.600
Mg?* 14.592 1.200
Ba2+ _ _
Fe3* 0.060 0.004
Na* 7,828,309 340.406
CI 11,458.187 322.794
HCOz* 1,464.480 24.000
COs* 120.020 3.429
OH 0.000 0.000
SOs* 163.000 3.187
pH 7.34

scale mass 377.116 g
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3.2 Acidizing Treatment using HCI

The most commonly used acid to
address the carbonate scale is HCI [16].
HCI is highly effective in dissolving
carbonate scales as it reacts with carbonate
formations, producing calcium chloride,
carbon dioxide, and water [8]. The
reaction that occurs is expressed as:

2HCl(ag) + CO3™ (ay > 2CI" (ag) + H20¢) + CO2()

Figure 2 shows that a 7.5% HCI
solution with a volume of 5 mL can
dissolve 36% of CaCOs scale. The
solubility of scale continues to increase
with the addition of HCI solution volume.
This phenomenon occurs because higher
acid concentrations result in  more
hydrogen ions in the solution, enhancing
the ability of HCI to dissolve scale.
Consequently, a 7.5% HCI solution with
10 mL and 20 mL volumes would dissolve
52% and 64% of scale, respectively. The
highest dissolution capacity was achieved
with a 7.5% HCI solution at a volume of
30 mL, dissolving 84% of CaCOs scale.

The test results using a 15% HCI
solution in the acidizing treatment process
are presented in Figure 2. It was
discovered that 72% of CaCOs scale was
dissolved in a 5 mL HCI solution. The use
of a 15% HCI solution in the amount of 10
mL dissolves 80% of the scale. The
solubility also increased with a higher
volume of 15% HCI. The increase in the
concentration of hydrogen ions in the
solution affected the characteristics of the
chemical reaction due to the high
frequency of particle collisions [21].
Moreover, soluble complex compounds
tend to form as the reaction balance shifts
due to adding HCI.

The solubility of CaCOsz scale
reached 100% when using 15% HCI at

volumes of 20 mL and 30 mL.
Furthermore, it was discovered that the
addition of acid could increase the porosity
and permeability of the surface, resulting
in easy solubility at high concentrations
[22]. HCI solution demonstrated high
effectiveness in removing CaCOs scale in
acidizing treatment, with high dissolution
power [23]. The comparison of the
dissolution capabilities of 7.5% and 15%
HCI solutions is shown in Figure 2. The
results showed that higher concentration of
HCI required a smaller volume for
effective dissolution.

The results presented in Figure 2
showed that a 15% HCI solution in 20 mL
and 30 mL volumes could remove 100%
of the scale content within 60 minutes. The
use of a 15% HCI solution in the amount
of 30 mL showed a faster removal rate
compared to a 20 mL solution, lasting for
only 21 minutes. Consequently, the
selected solution for the corrosion test was
15% HCI with a volume of 30 mL, which
showed 100% performance dissolution in
21 minutes.

3.3 Acidizing Treatment using HCI and

EDTA

Various acid compositions are
commonly applied to enhance efficiency in
acidizing treatment process [24]. Among
several acid compositions, EDTA solution
is a complex organic acid consisting of
polycarboxylic amino acids that can be
used as an additive.

Based on the test results shown in
Table 2, higher content of EDTA additive
in HCI solution resulted in a longer time
required to dissolve scale. EDTA additive
also formed complex bonds with metal
ions, such as calcium-EDTA complex,
which decelerated the dissolution process
[25].
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Previous research showed that the
addition of EDTA to HCI solution could
also act as an inhibitor, preventing scale
formation on equipment [19]. Furthermore,
the presence of additives acting as
inhibitors can keep the cation-anion-
forming scales in the solution [26]. For
example, tartaric acid, when used as an
additive, shows the ability to inhibit the
growth of barium sulphate as the crystal
structure formed causes difficulty in
adhering to the equipment [6].

Based on the results of the 15% HCI
and EDTA solution, corrosion rate was
tested by adding EDTA solution with
volumes of 0 mL, 5 mL, and 10 mL. This
selection was influenced by the ability of
the solution to achieve 100% performance
in the dissolving scale at a relatively fast
time, as shown in Table 2.

3.4 Measurement of Corrosion Rate

The speed of material quality
deterioration over time can be expressed
as a corrosion rate. The resistance level of
material to corrosion generally has a
corrosion rate value ranging from 1-200
mils per year (mpy) [27]. In this research,
corrosion rate measurements using a 15%
HCI solution, as shown in Figure 3, had a
value of 186.255 mpy. Among the five
levels of material resistance to corrosion,
Mars G. Fontana (1987) in Afandi et al.
[27] classified a range of 50-200 mpy in
the poor corrosion resistance category,
indicating a very high corrosion rate on
the equipment. Generally, corrosion
occurs in pipes due to a high acid
concentration [1][28].

100
£ 8o
1]
g 60
[=]
T 40
o
20
0
0 10 20 30
volume (mL)
—8—HC 7.5% HCl 15%
Figure 2. Scale solubility in HCI solution
Table 2. Test results of 15% HCI solution and EDTA additive
Solution Mix _ (?aCOs Scale Total Time
No "~ Hcl 15% EDTA Initial Scale Final Scale  Performance (minute)
(mL) (mL) (9) (9) (%)
1 30 0 25 0 100 21
2 30 5 25 0 100 30
3 30 10 25 0 100 33
4 30 20 25 0 100 39
5 30 30 25 0 100 46

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )

CHEESA, 6(2), pp 95-104, 2023 | 101


http://creativecommons.org/licenses/by-nc-sa/4.0/

Reno Fitriyanti?, M.M. Lanny W. Pandjaitan, Lukas, Gilang Bagaskara Harlis, Agus Wahyudi, Muhrinsyah

Fatimura

Effect of EDTA Addition on Acidizing Treatment Process

Based on Figure 3, corrosion rate
measurements for the mixture of 15% HCI
and 5 mL EDTA showed a value of 46.754
mpy, belonging to the fair category.
Meanwhile, the mixture of 15% HCI and
10 mL EDTA has a corrosion rate of
33.467 mpy, which categorizes it as
corrosion-resistant (fair). The corrosion
rate decreases by approximately 85%
compared to the rate without using the
EDTA additive.

The addition of EDTA additive in
HCI solution reduced the corrosivity of
HCI. This reduction was attributed to the
numerous oxygen and nitrogen atoms in
EDTA capable of binding with metal ions.
EDTA additives can form complex
compounds with metal ions in corrosion,
specifically by binding with Ca®", Fe?*,
and Fe* ions [20].

180 ~
160 ~
140 ~

Corrosion rate (mpy)
[y
o
=1
1

0 5 10

EDTA Volume (mL)

Figure 3. Corrosion rate measurement for a
15% HCI solution and EDTA
addition
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This study was conducted to examine the adsorption of Cr (VI) metal using
Spirulina sp (inactive) biomass and its application in leather tannery
wastewater. The treatment was carried out to determine the influence of
independent variables on Cr (VI) adsorption with variations in pH, contact
time, and metal solution concentration. The values of the solution pH,
adsorption time, and concentration of the best metal solution were used to
determine the center points of the optimization variables through Response
Surface Methodology (RSM). The results showed that based on the FTIR test,
macromolecules present in Spirulina sp biomass included amino, carboxylate,
and hydroxy groups. The combination of factor variables that produced the
optimum response was at pH 3.165, contact time of 66.58 minutes, and Cr
(V1) metal ion solution concentration of 22.9 mg/L, resulting in a Cr (VI)
adsorption efficiency of 69.66%. The adsorption pattern was included in the
Freundlich adsorption isotherm, and the application of Spirulina sp biomass
adsorbent to tannery waste reduced the concentration of Cr (VI) from 3.9 g/L
to an undetectable level at <1.4 g/L.

Keywords: adsorption; chrome; microalgae; RSM; tanning

Abstrak

Penelitian ini bertujuan untuk mempelajari adsorpsi logam Cr (VI) menggunakan biomassa Spirulina sp.
(inaktif) dan pengaplikasiannya pada limbah cair penyamakan kulit. Perlakuan penelitian dilakukan untuk
mengetahui pengaruh variabel independen terhadap adsorpsi Cr (VI) dengan variasi pH, waktu kontak dan
konsentrasi larutan logam. Hasil pH larutan, waktu adsorpsi dan konsentrasi larutan logam yang terbaik
digunakan untuk penentuan titik-titik pusat variabel optimasi menggunakan Response Surface Methodology
(RSM). Uji FTIR makromolekul penyusun biomassa Spirulina sp. mengandung gugus amino, karboksilat dan
hidroksi. Kombinasi variabel faktor yang menghasilkan respon optimum berada pada pH 3,165, waktu kontak
66,58 menit, konsentrasi larutan ion logam Cr (VI) 22,9 mg/L dan menghasilkan respon efisiensi adsorpsi Cr
(VI) sebesar 69,66%. Pola adsorpsi pada penelitian ini termasuk dalam isotherm adsorpsi Freundlich. Aplikasi
adsorben biomassa Spirulina sp. pada limbah penyamakan kulit dapat menurunkan konsentrasi Cr (VI) dalam

limbah yang awalnya sebesar 3,9 Lig/L turun menjadi tidak terdeteksi (<1,4 Lig/L).
Kata kunci: adsorpsi; krom; mikroalga; penyamakan; RSM
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1. Introduction

Liquid leather tannery waste is
hazardous when directly disposed of into
the environment due to its toxicity
attributed to Cr (VI), sulfides, and
ammonia content [1]. Cr (VI) is the most
widely used tannery agent, accounting for
approximately 85% of global leather
tannery. The presence of heavy metals in
water is absorbed and accumulated in the
cells of organisms living in the
environment [2].

Commonly used methods for waste
treatment include precipitation, filtration,
oxidation, ozonation, irradiation, ion
exchange, or photodegradation. Adsorption
is one highly efficient method for heavy
metal removal from liquid waste [3].

Previous  studies  have  used
microalgae biomass in the absorption of
heavy metal ions [4][5]. This study used
Spirulina sp., a type of microalgae,
endemic to Indonesian waters and has a
higher adsorption capacity compared to
Scenedesmus sp. and Oscillatoria sp. in
absorbing heavy metals from liquid waste
[41[6].

Several microalgae species
reportedly have the potential to absorb
metal ions, either in the living (active) or
dead (inactive) state [7]. Although
Spirulina sp. has been used as an adsorbent
for leather tannery waste through active
culture for phytoremediation [8], the use of
inactivated biomass remains unexplored.
The use of inactive biomass is not
dependent on the live cell metabolism,
allowing for more flexibility in
environmental conditions such as pH, light,
and temperature. Optimization of the
microalgae adsorption process for waste
has also not been thoroughly examined.
This step is necessary to obtain optimal

variables in the adsorption process, and
one method effective method is the
Response Surface Methodology (RSM).
RSM is useful for optimizing
processes, where the response obtained is
influenced by independent variables [9].
This method is also used to establish a
model depicting the relationship between
independent variables and the response,
showing the process conditions with the
best response [10]. Therefore, this study
aimed to determine the optimal pH, time,
and concentration in the Cr (V1) adsorption
process using Spirulina sp. biomass and its
application to leather tannery waste.

2. Research Methods
2.1 Equipment and Materials

The  materials used included
Spirulina platensis biomass obtained from
CV. Neoalgae (Sukoharjo, Central Java),
chrome tannery process waste from a
leather tannery industry in East Java, pure
chromium standard solution with a
concentration of 1000 mg/L from K2Cr.0O7
p.a 99.5% (Merck), HNOs (technical), and
NH4OH (technical).

The equipment used included a pH
meter for pH control, a Fourier Transform
Infrared (FTIR) Spectrophotometer for
biomass functional group characterization,
and an Ultraviolet-Visible (UV-Vis)
Spectrophotometer for Cr (VI)
concentration testing. The software used
for Cr (VI) adsorption optimization was
Statistica 10.

2.2 Adsorption Variable Influences

The independent variables were pH,
time, and metal concentration, while
biomass was mixed with Cr (V1) solution
at specific concentrations and pH in
Erlenmeyer flasks. This study used 0.1 M
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HNOsz and 0.1 M NHsOH to adjust the
solution pH. The metal solution
concentrations  were varied through
dilution from a 1000 mg/L metal stock
solution [11].

2.2.1 Influence of pH on adsorption

About 100 mL of Cr (VI) solution
(20 mg/L) was prepared, and its pH was
adjusted using 0.1 M HNOs and 0.1 M
NHsOH. The pH variations included 2, 3,
4, and 5, while 400 mg of biomass was
added to each solution in a 250 mi
Erlenmeyer flask. Stirring was carried out
at room temperature using a magnetic
stirrer for 60 minutes. The mixture was
then filtered with Whatman 41 filter paper.
The concentration of Cr (VI) ions after
adsorption was determined with a UV-Vis
spectrophotometer.

2.2.2 Influence of Contact Time on

Adsorption

About 100 mL of Cr (VI) solution
with a concentration of 20 mg/L at the
optimum pH was mixed with 400 mg of
biomass in a 250 mL Erlenmeyer flask and
stirred at room temperature. Contact time
was varied to 30, 60, 90, 120, 150, and 180
minutes, then the mixture was filtered with
Whatman 41 filter paper, and the Cr (V1)
concentration was determined using a UV-
Vis spectrophotometer.

2.2.3 Influence of Solution Concentration on
Adsorption

About 100 mL of metal solution with
concentrations set at 10, 20, and 30 mg/L
at optimum pH was mixed with 400 mg of
biomass in a 250 mL Erlenmeyer flask at
room temperature using the optimum time.
Filtration was then performed, and the Cr

(V1) concentration was determined with a
UV-Vis spectrophotometer.

2.3 Determination of Adsorption Isotherms

Adsorption capacity and efficiency
were calculated using Equations 1 and 2.
The linear form of the Langmuir and
Freundlich isotherm equations is shown in
Equations 3 and 4.

(Cu—Ca IV
= T )
%E = &= % 100 Y @)
Co_ 1 Ce
Poirarmis - ——— 3)
log(x/m) =logky + ilog Conreenn, 4

where, g is the adsorbed metal ion (mg/g); Cy is

the metal ion concentration before adsorption
(mg/L); C, is the metal ion concentration after

adsorption (mg/L); V is the volume of the metal ion
solution (L); w is the amount of Spirulina sp.
biomass adsorbent (g) and %E is the adsorption

efficiency. @, is the amount of adsorbed substance,

and k. is the Langmuir constant [11]. x is the
amount of solute adsorbed. Meanwhile, m is the
weight of the adsorbent used (g). ke and n are
constants that combine factors affecting adsorption,
such as the capacity and intensity of adsorption
[12].

2.4 Optimization of Cr (V1) Adsorption

Optimization aims to develop an
empirical model to find optimal parameters
for maximum or minimum responses [13].
This step can be performed using the RSM
method [14]. The optimal pH of the
solution, adsorption time, and metal
solution concentration were determined to
establish the central points of the variables.
RSM was used to examine the influence of
pH treatment, adsorption time, and metal
solution concentration on the response
variable, namely the adsorption efficiency
of Cr (V1) metal ions.

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )

CHEESA, 6(2), pp 105-117, 2023 | 107


http://creativecommons.org/licenses/by-nc-sa/4.0/

Nais Pinta Adetya®, Uma Fadzilia Arifin, Emiliana Anggriyani, Laili Rachmawati

Optimization of Chromium (V1) Adsorption using Microalgae Biomass (Spirulina sp.) and its Application

in Leather Tannery Waste

Central Composite Design (CCD), an
experimental design in RSM was used to
construct a polynomial model of a
mathematical function from independent
variables to the response (y). The
independent variables were pH (X1,
contact time (x2), and Cr (VI) (x3). The
CCD experimental design was tabulated
using Statistica 10 software. Based on the
design type, 16 experiments are required,
as summarized in Table 1.

The software analyzed the model that
best fits the response conditions to identify
the optimal points for the given response
[15]. The lower, upper, and center points
of the design were encoded as -1, 1, 0, and
a, where +1 shows the high level, -1 the
low level, a = 2" (n is the number of

2.5 Application of Adsorption to Leather

Tannery Waste

As part of the characterization stage,
the waste was analyzed to determine the
initial Cr (V1) concentration. The final Cr
(VI) concentration in the waste was
determined by adding 1 g of Spirulina sp.
biomass adsorbent to 100 mL of waste at
the optimum pH. Stirring was carried out
at room temperature for the optimum time,
followed by filtration. The filtrate was
analyzed for Cr (VI) concentration as the
final concentration in the waste. FTIR
analysis was conducted for biomass
characterization before and after Cr (VI)
adsorption [11].

Table 1. CCD optimization

variables or factors) represents the star Run  x: X2 X3 (Mg/L)
point, and 0 signifies the center point. Star (minute)
. . 1 2.00 30.00 10.00
points were added to the design to generate 5 200 30.00 30.00
an estimate of the surface area in the 3 2.00 90.00 10.00
model, and the optimization formulation 4 2.00 90.00 30.00
was presented in Table 2. 5 400 30.00 10.00
P 6 4.00 30.00 30.00
7 4.00 90.00 10.00
8 4.00 90.00 30.00
9 3.00 60.00 20.00
10 124 60.00 20.00
11 476 60.00 20.00
12 3.00 7.08 20.00
13 3.00 112.9 20.00
14  3.00 60.00 2.36
15 3.00 60.00 37.64
16 3.00 60.00 20.00
Table 2. Optimization formula factors
Eactor Unit Star Point Low Level Center point High Level Star Point
(Low) (-1) ) (+1) (High)
pH (X1) 1.24 2.00 3.00 4.00 476
Contact time (x2)  minute 7.08 30.00 60.00 90.00 112.91
Initial
concentration of mg/L 2.36 10.00 20.00 30.00 37.64
Cr (V) (x3)
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3. Results and Discussion
3.1 Characterization of Biomass with FTIR
FTIR results were used to identify
functional groups in Spirulina sp. biomass.
Based on the spectrum in Figure 1,
Spirulina sp. biomass before Cr (VI)
adsorption showed absorption at the
wavenumber of 2928.57 cm™ representing
a stretching vibration of -OH [16]. There
was also absorption at the wavenumbers of
3306 cm?® and 1453 cm-1 showing
stretching vibrations of N-H and C-H
bonds respectively. Additionally,
stretching vibrations of C=0 (carboxylate
ester) and C-O were observed at
wavenumbers of 1652 cm-1 [17] and 1153
cm-! [18]. FTIR results after Cr (VI)

adsorption showed a shift in wavenumbers.
Functional groups that experienced a shift
in wavenumbers were assumed to play a
role in Cr (V1) adsorption.

Adsorption of Cr (V1) metal resulted
in a shift in wavenumbers due to the
positively charged surface of the biomass,
attracting anionic species electrostatically,
and leading to strong physiosorption [19].
Therefore, based on the FTIR spectrum in
Figure 1, functional groups in Spirulina sp.
biomass implicated in the adsorption
process of Cr (VI) included hydroxyl (-
OH) from polysaccharides, C=0 peptide (-
CONH-) originating from proteins, and
amine groups [5].

—  Before

—— After
D
-
3 3306
=
(7p]
[
©
|_
X

1402
1043
2930
3364 1652
1 ' 1 1 1 ' 1 ' 1 '
4000 3500 3000 2500 2000 1500 1000 50

Wavenumbers (cm™)

Figure 1. FTIR spectra of Spirulina biomass before and after Cr (V1) adsorption
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3.2 Influence of pH on Adsorption

The initial pH of the solution is
crucial for Cr (VI) adsorption because the
protonation of the adsorbent configures
active ion exchange sites and surface
activity [20]. The results of Cr (VI) metal
ion adsorption with pH variation are shown
in Figure 2.

The highest adsorption capacity for
Cr (VI) metal ions was achieved at an
initial solution pH of 3. As discussed in the
FTIR analysis, the biomass contains easily
hydrolyzable groups including amines and
aldehydes. Both of these groups are easily
protonated, expanding more binding sites
upon acidification of the biomass [4]. At
low pH, the biomass surface containing
anionic groups such as amines, carboxyls,
and hydroxyls are protonated and become
positively charged. Concurrently, through
its free electron pairs, Cr (V1) metal ions in
an acidic solution exist in the form of
anionic species, such as HCrOs,, CrO4*
and Cr.07%, which easily interact with the
adsorbent, resulting in a relatively high
adsorbed amount.

3.3 Influence of Time on Adsorption

In the initial minutes (Figure 3),
adsorption occurred rapidly due to the
abundance of active sites in the adsorbent.
However, after 60 minutes, Cr (VI)
adsorption remained relatively constant.
Extending the time up to 180 minutes did
not significantly increase the adsorption
capacity. Equilibrium was achieved at this
point, where all active sites on the
Spirulina sp. adsorbent were saturated.
After reaching equilibrium, the
significantly adsorbed amount of metal
ions does not change with the additional
contact time between Cr (VI) metal ions
and the adsorbent [19].

5
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=
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Figure 2. Influence of solution pH on Cr (VI)
adsorption capacity

(mg/g)
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Figure 3. Influence of time on Cr (VI)
adsorption capacity

(mg/g)
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Figure 4. Influence of initial concentration of
Cr (V1) on adsorption capacity

3.4 Influence of Cr (V1) Concentration on
Adsorption

Based on Figure 4, the adsorption
capacity of Cr (VI) was influenced by the
metal concentration. In this case,
increasing the concentration of the metal
solution with a constant amount of
adsorbent also improved the adsorption
capacity. The number of active sites on the
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adsorbent surface is proportional to the
surface area [20]. When the active sites are
not yet saturated, the increase in Cr (VI)
concentration in  contact will  be
proportional to heightened Cr (VI)
adsorption capacity. The biomass surface
has limited binding sites, and after
completing adsorption at those sites,
further loading of Cr is not feasible [5].

3.5 Adsorption Isotherm Model

The relationship  between the
adsorbate,  adsorbent, and  surface
properties is reflected in the adsorption
isotherm [21]. Adsorption data at various
Cr (VI) concentrations were used to
determine the adsorption isotherm.

Based on the R? value in Table 3, the
Freundlich isotherm could better interpret
the adsorption data (R?> = 0.97) compared
to the Langmuir isotherm, implying the
adsorbent surface was heterogeneous [5].
Additionally, the adsorption observed
followed a physisorption mechanism,
causing weak bonding between the
adsorbent and adsorbate, which allowed
for desorption to occur, and the adsorbent
could be reused [19].

Table 3 shows the parameter values
in the adsorption isotherm, including kr
and 1/n values showing the capacity of the
adsorbent, while kr and Qo represent the
maximum amount of adsorbate absorbed
by the adsorbent in mg. The larger the kr
and Qo values, the greater the adsorption
capacity. Based on this data, it was
observed that the Spirulina sp. biomass

adsorbent had a maximum adsorption
capacity of 0.389 mg/g. The magnitude of
1/n provides a measure of adsorption
favorability, with values between 1 and 10
showing favorable adsorption. For this
study, the 1/n value also presents similar
results, representing favorable adsorption
[22].

3.6 Optimization of Factor Combinations
for Cr (V1) lon Adsorption

The central variable points were
determined from the data on the best pH,
time, and Cr (V1) concentration (Figure 3-
4). Optimization of adsorption in this study
used three independent variables, namely
pH, time, and Cr (VI) concentration, as
well as one response variable, the
percentage of Cr (VI) adsorption. Optimal
conditions  were  determined  using
Statistica 10 software to generate
mathematical equations and polynomial
models that fit the results [23].

The program determines the model
type based on the coefficient of
determination R? and the significance of
the Fcount. The type of polynomial model
can also be observed from the sum of
squares in the model order (Sequential
Model Sum of Squares), lack of fit test, R?,
and adjusted-R? [24]. A model is
considered good when it has significant
values for the response and insignificant
values for the lack of fit test. An
insignificant lack of fit test value shows
that the model is suitable or sufficiently
represents the data [13].

Table 3. Langmuir and Freundlich isotherm parameters

Freundlich Isotherm

Langmuir Isotherm

Adsorbent ke (Mg/g) Un RZ  Qo(mgly) k. (Lmg) R
;P'r“"”a sp. 0.21 1.43 0.97 7.54 041 058
10mass
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The results obtained from 16
experiments are presented in Table 4. To
find the predicted adsorption efficiency
values, calculations were carried out based
on the model -equation determined
according to the recommendations
provided by STATISTICA 10, applying
the CCD experimental design [25]. The
model is presented in Equation 5, and the
predicted flux values are depicted in Table
4,

Yprediction = 39.7290 + 18.1896x; + 0.9438x; +
4.1046x3 — 2.2516x%: 2 — 0.0059x%, 2 — 0.0673x52
—0.1719x1X3 - 0.0072X2X3

Description:

x1 = pH of Cr (VI) metal ion solution
X2 = contact time (minutes)

x3 = concentration of Cr (V1) (mg/L)

Table 4 shows a difference between
the observed and predicted values, as
shown in the error column (% error).

considered necessary to evaluate the
suitability = and accuracy of the
experimental results obtained through an
F-test. The accuracy test of the regression
model was carried out by dividing the
mean of squares of regression (MSyeg) and
the mean of squares of residuals (MSres).
Both metrics were then compared with the
table value of Fisher (F), where both Msreg
and Msres represented the Sum of Squares
divided by the Degree of Freedom [13].
The results of the subsequent variance
analysis followed the hypotheses:

Ho = all i values are zero

H1= at least one fi is not zero

Ho is declared true if Feount<Fraple.

Another test was conducted to
strengthen the assumption of model
suitability through a lack of fit test [26],
following the hypotheses:

Ho = there is no lack of fit; the model
created is suitable for the data
Hi = there is a lack of fit; the model

Therefore,

a variance

analysis

was

created does not represent the data

Table 4. Cr (VI) adsorption efficiency in 16 experiments

H Time Concentration Cr (V1)  Adsorption Efficiency Cr (VI)
Run b (minutes) (mg/L) (%)

X1 X2 X3 Yobservation  Ypredictions %0 €rror
1 2.00 30.00 10.00 40.78 39.41 3.33
2 2.00 30.00 30.00 56.31 56.49 0.32
3 2.00 90.00 10.00 48.78 49.60 1.66
4 2.00 90.00 30.00 56.03 58.06 3.62
5 4.00 30.00 10.00 47.72 45.34 4.99
6 4.00 30.00 30.00 56.71 55.54 2.04
7 4.00 90.00 10.00 56.06 55.52 0.94
8 4.00 90.00 30.00 56.10 57.11 1.80
9 3.00 60.00 20.00 68.67 66.38 3.32
10 1.24 60.00 20.00 58.30 57.18 1.92
11 4.76 60.00 20.00 60.01 61.58 2.62
12 3.00 7.08 20.00 42.31 44.81 5.91
13 3.00 112.91 20.00 57.23 55.17 3.58
14 3.00 60.00 2.36 35.43 37.22 5.05
15 3.00 60.00 37.64 55.02 53.68 2.43
16 3.00 60.00 20.00 64.05 66.38 3.64
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Ho was accepted when the p-value
was more than the degree of significance, a
= 0.05 [13]. The accuracy of this model
was also reflected in the value of the
coefficient of determination R?. When the
R? value exceeded 70%, it was considered
accurate. This shows that the value
estimated by the model is close to the
experimental value. ANOVA calculations
were obtained using STATISTICA Ver.10
Software as shown in Table 5.

Based on Table 5, the value of Fcount
= 7.4775, while Frane = 3.34. Given that
Fcount Was > Franie, HO was rejected and the
alternative hypothesis H1 was accepted. In
other words, the independent variables x;
had a significant influence on the model.
Table 4 also shows that the p-value in the
lack of fit test was 0.733, or greater than
the o value. Therefore, HO was accepted,
signifying that the model was considered
appropriate. The coefficient of
determination, R?, reached 0.96, hence, the
model was considered suitable because it
met the three test parameters [13].

The influences of each factor
forming the equation were also analyzed
based on the results of the ANOVA test.
According to Equation 5, three effects
influencing the value of Cr (VI) adsorption
efficiency were observed, namely linear,
quadratic, and interaction influences. An

influence is considered statistically
significant at p < 0.05. The impact of these
three influences was determined by the
coefficients, and the corresponding p-
values were presented in Table 6.

Based on Table 6 and Equation 5, the
variables pH, time, and the concentration
of Cr (VI) metal ions, along with the
quadratic influences, had a significant
impact. All three variables showed a
significant influence, both in terms of
linear and quadratic. The quadratic factors
of pH (x1?), adsorption time (x2%), and
metal ion solution concentration (xs?)
showed a negative impact on the response
of adsorption efficiency. In contrast, the
interaction between these factors had no
significant influence on the adsorption
efficiency of Cr (VI) because the p-values
were greater than 0.05 [27]. Equation 5
was then simplified into Equation 6.

Table 6. Significance of each empirical model

factor
Factor p
X1 0.020349
X12 0.037510
X2 0.001191
X2? 0.000795
X3 0.000160
Xa? 0.000211
X1.X2 0.999010
X1.X3 0.125761
X2.X3 0.067476

Table 5. Cr (VI) adsorption ANOVA

Sum of Degree of Mean Fo.os 2
Source squares freedom square Feount (Table*) P R
SS regression 1330.368 9.00 1478186  7.4775 3.34 0.9602
S.S. error 44.865 6.00 7.4775
Lack of fit 34.193 5.00 6.8386 0.733
S.S. total 1129.449

*Fravie Of F distribution percentages for 0.05% probability
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Yprea= 39.7290 + 18.1896x: + 0.9438x> +
4.1046x3 — 2.2516x1> — 0.0059x.* — 0.0673xs?

The optimum conditions  were
determined based on the stationary values
for each model. Stationary values represent
the highest response and serve as the best
parameter for the performance of Cr (VI)
metal ion adsorption. The position of the
stationary point was identified
mathematically using a matrix method
assisted by STATISTICA Ver.10 software
[28].

Optimization showed that the
variables producing the optimum response
for Cr (V1) adsorption efficiency at 69.66%
were X1=3.165, X2=66.58 minutes, and
x3=22.90 mg/L. The RSM modeling results
for Cr (VI) adsorption efficiency are
illustrated in Figures 5 and 6 in the form of
surface and contour plots. In this
interaction, the initial concentration of Cr
(VI) (x2) was set at 20 mg/L, which was
the optimal initial concentration for Cr (V1)
in the adsorption process.

Fitted Surface; Variable: Cr (VI) Removal (%)
3 factors, 1 Blocks, 18 Runs; MS Residual=7.477495
DV: Cr (V1) Removal (%)

Time (min})

M -65
M <63
B <58
B <53
[C1<48
<43

1.0 15 20 25

<38
35 40 45 50=<33

B <28

Figure 5. Contour plot of interaction of pH (x1) with adsorption time (x2) and initial concentration of
Cr (V1) 20 mg/L (xs) against percent adsorption of Cr (V1)

e Y

Figure 6. Surface plot 3D Interaction of pH (x1) with adsorption time (x2) and initial concentration of
Cr (V1) 20 mg/L (x3) on percent adsorption of Cr (V1)
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The circular contour lines with a blue
point at the center shown in Figure 5 depict
the best response values, signifying an
increase in the efficiency of Cr (VI) ion
adsorption. The red-colored area represents
the highest adsorption efficiency. The best
response values were obtained by
conditioning the factors at the central
point, on the contour within the center of
the circle. Figure 6 presents a three-
dimensional  representation  of  the
adsorption efficiency response, showing
that pH and time significantly influence the
percentage removal of Cr (VI) with a
maximum stationary region. The selection
of codes representing data close to the
optimum point (coded as 0) is crucial
because a significant shift in prediction can
result in the failure to find the optimum
point [13].

Additional experiments under
optimum conditions were conducted to
confirm the predicted results. The
optimization showed that the optimal
adsorption conditions were x1=3.165,
X2=66.58 minutes, and x3 22.90 mg/L
resulting in a Cr (V1) adsorption efficiency
of 69.66%.

3.7 Application of Cr (VI) Adsorption on
leather tannery waste

The initial concentration of Cr (VI)

in tannery waste was 3.9 ug/L, and then

adsorption was carried out using Spirulina
sp. biomass adsorbent under known
optimum conditions. Based on the test
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devycendekia@polinela.ac.id Palm kernel shell is solid waste produced from the processing of crude

palm oil (CPO). In this context, phosphoric acid (H3sPO4) serves as an
essential activator for producing an adsorbent with maximum micropore
under operating conditions at a temperature of <450°C. Therefore, this
study aimed to determine the optimal adsorbent condition of the palm
kernel shell using H3PO4activator. The production process was optimized
using Response Surface Methodology (RSM) and Central Composite
Design (CCD) methods with activator concentration variations of 4%, 5%,
and 6%, at activation times of 23 hours, 24 hours, and 25 hours,
respectively. The quality of the adsorbent produced fulfilled SNI standard
06-3730-1995, characterized by water content of 1.001%, ash content of
5.767%, missing substance level of 18.932%, and fixed carbon content of
75.301%. Furthermore, this work effectively optimized the RSM and CCD
adsorbent production process, achieving 4.785% variation in activator
concentration and 24.679 hours activation time.

Keywords: adsorbent; fixed carbon; HsPO, activator; iodine charcoal
power; palm kernel shell

Abstrak

Cangkang kelapa sawit adalah salah satu limbah padat yang dihasilkan dari proses pengolahan minyak kelapa
sawit. Aktivator HsPO, dapat menghasilkan adsorben yang memiliki mikropori maksimum pada kondisi operasi
suhu <450 °C. Tujuan penelitian ini adalah untuk menentukan kondisi optimum adsorben dari cangkang kelapa
sawit dengan menggunakan aktivator H3sPO4. Proses pembuatan adsorben dioptimasi menggunakan metode
Response Surface Methodology (RSM) khususnya Central Composite Design (CCD) dengan variasi konsentrasi
aktivator yaitu 4%, 5%, dan 6% serta dengan variasi waktu aktivasi yaitu 23 jam, 24 jam, dan 25 jam. Kualitas
adsorben dari cangkang kelapa sawit telah sesuai dengan standar SNI 06-3730-1995 pada karakteristik kadar
air 1,001%, kadar abu 5,767%, kadar zat yang hilang 18,932%, fixed carbon 75,301%. Selain itu, penelitian ini
juga berhasil mengoptimalkan proses pembuatan adsorben menggunakan metode RSM dan CCD dengan variasi
konsentrasi aktivator 4,785% dan waktu aktivasi selama 24,679 jam.

Kata kunci: adsorben; aktivator HsPO,; cangkang kelapa sawit; daya jerap iod; fixed carbon
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1. Introduction

In Indonesia, the palm oil mill
industry is experiencing significant growth,
with an annual production of two million
tons [1]. This phenomenon has led to the
generation of a substantial amount of
waste, requiring the adoption of net zero
waste and the development of treatment
initiatives to prevent greenhouse gas
emissions. According to the 2020 data
from the National Statistical Agency,
Indonesia has 14,858,000 hectares of palm
plantations, with 196,000 hectares located
in Lampung Province [2].

The primary products of palm
industry are liquid and solid waste, as well
as crude palm oil (CPO). This solid waste
comprises the palm kernel shell, the empty
bunch, and the sludge from the decanter's
output. Meanwhile, liquid waste consists of
the exhaust waste from the sterilization and
clarifier stations. Solid waste is considered
suitable for processing into valuable
products such as plant fertilizer made from
sludge and empty palm [3]. However, palm
kernel shell waste has not been fully
exploited for large-scale use due to its
harder texture, and application as fuel for
boilers.  In industry  settings, the
exploitation is against the existing rules,
causing damage to boiler pipes.

Palm  kernel shell  constitutes
approximately 60% of waste generated in
the production of palm oil. Furthermore, it
consists of hemicellulose, cellulose, lignin,
and ashes, with a proportion of 33.52%,
38.52%, 20.36%, and 3.92%, respectively
[4]. To mitigate the environmental impact
of this waste, using palm kernel shell as an
adsorbent offers a promising solution. The
resultant adsorbent produced in this
method can be used to remove hazardous
chemicals or heavy metals from

wastewater, contributing to the reduction
of air and water pollution.

Adsorbent technique uses chemical
processes to remove heavy metals, while
aeration and biosorbent cellulose xanthate
demand more energy [6,7]. Therefore, to
address heavy metals related to water and
air pollution, absorbent method is a cost-
effective and environmentally responsible
substitute.

A previous study conducted by
Hendra reported that the highest quality
absorbent could be made from palm kernel
shell at a temperature of 850°C [8]. In
order to increase the adsorbent's adsorption
capacities and efficiency, chemicals
including phosphate acid (HsPOs) [9],
chloric acid (HCI) [10], sodium hydroxide
(NaOH), and potassium hydrogen oxide
(KOH) [11] have also been used in the
activation process. Specifically, H3PO4
activator has shown the ability to
effectively produce chemical reactions in
the synthesis of organic compounds [12],
increasing final product yield to ensure
better adsorption with enhanced physical
and chemical stability. This makes
adsorbent suitable for use in gas filters,
water purification, catalyst supports, and
the treatment of industrial waste [13-15].
Therefore, this study aimed to determine
the optimal conditions for converting palm
kernel shell into adsorbent using H3POs
activator.

2. Research Methods

This study was conducted at the
Analysis  and Chemical Industry
Laboratory of the Politeknik Negeri
Lampung on March 29" and October 31,
2022. The ingredients used included palm
kernel shell, H3POs solution (Merck),
iodine (Merck), starch 1%, KIOs (Merck),
sodium thiosulfate 0.1 N, and aquadest.
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Furthermore, the tools wused included
laboratory pyrolysis, a drying oven (UN
110, Memmert, German), an analytical
balance (Shimadzu, Japan), a pH meter, a
furnace, thermometer, and a grinder.

2.1 Collection, preparation, and activation
using HsPO4

Palm kernel shell was collected from
PT Anaktuha Sawit Mandiri, Wates,
Lampung Tengah, Indonesia. A pyrolysis
process, as shown in Figure 1 was used to
burn 500 g palm kernel shell at a
temperature of 400 °C for 4 hours [16-18].
Subsequently, a pyrolysis coal was put into
the grinder machine to reduce the size to
100 mesh. Charcoal powder was stored at
room temperature of 25 °C, preventing
water absorption. The activation with
H3PO4 was carried out as an adsorbent to
enhance adsorption capabilities. Response
Surface Methodology (RSM) was used for
the combination of adsorbent production
from palm kernel shell, as shown in Table
1.

Output

N\

Reactor -----|

Condenser

/ ~.,
¥ =~
Input Output products
(i.e., biooil and biochar)

Figure 1. Pyrolysis laboratory-scale for
burning kernel shell.

Each 100 g of charcoal powder was
activated using three different
concentrations: 4%, 5%, and 6% [19]. The
activation was carried out at different
times, including 23, 24, and 25 hours.
After activation, distilled water was used to

filter and neutralize adsorbent to a pH of 7,
which was placed into the oven to dry at
110°C for 3 hours. Product adsorbent was
carried out to determine optimum
conditions during activation using HsPO4
and activation time.

Tabel 1. Experimental design of adsorbent

production
Run.y  concentration  Activation time
activator (%) (Hours)
1. 4 23
2. 4 24
3. 4 25
4. 5 23
5. 5 24
6. 5 24
7. 5 24
8. 5 24
9. 5 24
10. 5 25
11. 6 23
12. 6 24
13. 6 25

2.2 Adsorbent Characterization

The characterization of adsorbent
was based on SNI 06-3730-1995, such as
water, ash, and lost substance content,
including fixed carbon, and iodine
adsorption capacity. These parameters
were measured to determine the quality
and effectiveness of adsorbent.
Subsequently, the optimum conditions
were determined using RSM with Central
Composite Design (CCD) model in the
Design Expert version 13 software [20].

2.2.1 Quantification of water content

An adsorbent weighing 0.5 g was
inserted into the cup, and it was baked for
3 hours at 115 °C. Subsequently, the cup
was inserted in the desiccator for 10
minutes, weighed using an analytical
balance, and counted with Equation 1 to
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determine the final weight. Where, a, b,
and c (gram) indicated empty cup, empty
cup and initial sample, as well as weight
cup and sample after the oven,
respectively.

(b—rc)

Water content (%) = — X 100%

(b—a) 1)

2.2.2 Quantification of ash content

Weighed at 1 g, the adsorbent was
placed in an empty cup and heated to 900
°C for two hours in a furnace. The cup was
inserted in the desiccator for 10 minutes,
weighed using an analytical balance, and
counted with Equation 2 to determine the
final weight. Where, a, b, and c (gram)
indicated empty cup, empty cup and initial
sample, as well as weight cup and sample
after the furnace, respectively.

(c—2) x 100%

Ash content (%) = b2
—a) @)

2.2.3 Quantification of lost substance
content
Approximately 1 g of adsorbent was

weighed, put into an empty cup, placed
into a furnace at a temperature of 950°C
for 15 minutes, and inserted into the
desiccator for 10 minutes. Subsequently,
the cup was weighed using an analytical
balance and counted with Equation 3 to
determine the final weight. Where, a and b
(9) indicated empty cup and initial sample
as well as weight cup and sample after the
furnace, respectively.

Weight loss (%) = X 100%

(a—b)
a

2.4.4 Quantification of fixed carbon (FC)

FC was determined using Equation 4
following adsorbent removal of water, ash,
and lost substance content. Where A, B,
and C presented water content, ash content,
and weight loss, respectively.

FC(%) = 100% — (A+ B+ (A—0))

2.4.5 Quantification of iodine adsorption
A 0.5 g adsorbent was added to 5

mL of 0.1 N lodine solution and infused
for 15 minutes. The solution was added to
25 mL of aquadest, and 5 mL filtrate was
irrigated with a 0.1 N sodium thiosulfate
solution until the yellow disappeared. This
was followed by the addition of 1% amino
solution and titration again until the blue
color became uncolored. Subsequently, the
power of iodine adsorption was calculated
using Equation 5. Where, W, V1, V2, N,
and N represent of mass of adsorbent,
filtrate volume, titrate volume,
concentration of NaxS203, and lodium,
respectively.

(Vi =V;) X Ny X N,
w

lIod (mg/g) = %X 126.93

®)
3. Results and Discussion

Table 2 shows the characterization
results of adsorbent generated, including
the quantities of water, ash, substance loss,
fixed carbon, and iodine resin capacity.

3.1 Water content of adsorbent

Table 2 shows the highest water
content of 1.0037%, with a combination of
activator concentrations and activation
times of 4% and 25 hours, respectively.
The lowest water content of 1.000% was
found at activator concentration of 4% and
an activation time of 23 hours. Another
study stated that water content obtained
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from palm kernel shells with the HzPOs
activator was 5.30% [21]. In this context,
palm kernel shell adsorbent performed
better compared to cocoa shell. An
excessive amount of water in the adsorbent
would disrupt the adsorption process, as
the molecule or particle dissolved in water
and became ineffective at interacting with
the surface [22]. This disruption can reduce
the efficiency of the absorption process
and desired final result.

The airborne residue yield that was
obtained complied with SNI 06-3730-
1995, at approximately 15%. This
suggested that the resulting adsorbent had
a longer shelf life. Furthermore, the
similarity of the free variables employed in
the experiment may have contributed to the
low water content, which averaged 1%.

3.2 Ash content of adsorbent

In the treatment with a 4% activator
concentration over 23 hours of activation,
the maximum adsorbent ash level was
found to be 8.32%. Furthermore, there was
a low ash level of 3.22% at a 6% activator
concentration for 25 hours. The resulting
palm kernel shell adsorbent had an ash
content of less than 10%, based on SNI 06-
3730-1995.

A previous study conducted by
Syamsudin reported that an increase in ash
levels could occur due to the formation of
mineral salts during the carbonization
process [23]. When the carbonization
process was excessively long at a higher
temperature, a significant increase would
be anticipated in the ash level on the
adsorbent.

Table 2. Results of characterizing adsorbent from palm kernel shell with H3PO, activator

RUN-N Waterocontent Ash %ontent Subst%nce loss Fixedocarbon A dI:odrlgteion
(%) (%) (%) (%) (ma.g)
1 1.0002 8.32 20.82 70.86 603.10
2. 1.0005 7.93 20.56 71.50 610.56
3. 1.0037 6.33 19.88 73.79 595.89
4. 1.0002 5.72 18.84 75.44 620.34
5. 1.0006 5.75 18.51 75.74 636.92
6. 1.0007 5.77 18.53 75.70 626.66
7. 1.0005 5.79 18.54 75.67 625.53
8. 1.0006 5.78 18.44 75.78 646.91
9. 1.0008 5.73 18.52 75.75 640.19
10. 1.0032 5.36 18.45 76.19 640.09
11. 1.0004 4.16 17.32 78.52 707.14
12. 1.0006 391 17.10 78.99 709.25
13. 1.0007 3.22 17.04 79.74 703.62
SNI 06- Max. 15 Max. 10 Max. 25 Min. 65 Min. 750
3730-1995

3.3 Lost substances in palm kernel shell
The most lost substance test results
were obtained at a 23-hour activation time
of 2082% and a 4% activator
concentration. With an activator
concentration of 6% and an activation time
of 25 hours, 17.04% of adsorbent had the

lowest amount of lost substances. This
showed that the adsorbent level of lost
substance at 950°C heating was less than
25%, in compliance with SNI 06-3730-
1995, allowing its use as an adsorbing
agent. In this study, pyrolysis was used to
carbonize palm kernel shell, at a
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temperature of 400°C for 4 hours [24,25].
This investigation also showed that the
amount of lost substance increased when
carbonization was carried out at low
temperatures for a short period of time.

3.4 Fixed carbon

The highest fixed carbon result of
78.99% was obtained at 6% activator
concentration and a 24-hour activation
time. Meanwhile, the lowest fixed carbon
result at 4% concentration was obtained at
23 hours of activation, with 70.86%.
Activator concentration and activation time
had an impact on the value of the fixed
carbon rate generated. In adsorption
process, high fixed carbon levels are
preferable to low, as adsorbents perform
better when the pore surfaces are larger
[24]. Fixed carbon from adsorbent
produced complied with SNI 06-3730-
1995, which was at least 65%. This
compliance enables fixed carbon to be
used as an adsorbent to remove water-
soluble substances such as heavy metals
and organic materials. Additionally, high
capacity of adsorbent facilitated the
effective absorption of substances.

3.4 lodine adsorption power

The  highest-performing  iodine
cranes of 709.25 mg/g were generated at a
24-hour activation time and activator
concentration of 6%. The lowest iodine
potency was found at a 4% activator
concentration and a 23 hours activation
time of 603.10 mg/g. However, the SNI
06-3730-1995 requirement for technical
activated carbon of 750 mg/g was not met
by adsorbent made using iodine cranes.
This phenomenon occurred due to the
prolonged exposure of iodine solution to
sunlight during the titration procedure,

causing variation in  concentration.
Moreover, the ability of the adsorbent to
adsorb iodine indicates deactivation, due to
an increase in adsorption power [26].

3.5 Optimization of adsorbent production

In this study, Design Expert Version
13 software was used in the optimization to
determine the ideal threshold for activator
consistency and activation time during the
adhesive manufacturing process. The ideal
activator coefficient and activation time of
4.785% and 24.679 minutes, respectively,
were used to determine the desirability
coefficient of 1, as shown in Figure 2.

Figure 2 shows optimization results
using desirability values, considering the
activator concentration and activation time
simultaneously.  The  selection  of
desirability values in the optimization
process is essential, as a lower value (<1)
results in reduced accuracy.

4. Conclusion
In conclusion, this study showed that

the ideal conditions for producing
adsorbent were 4.785% concentration and
24.679 hours activation time in H3zPOa
activator. The amount of iodine charcoal
produced increased with the concentration
of activator used. The Water content of
adsorbent obtained under ideal conditions
was 1.001%, followed by ash, lost
substance, and fixed carbon content of
5.767%, 18.932%, and  75.301%,
respectively, according to SNI 06-3730-
1995. However, the iodine resin capacity
that was produced did not meet the
619.866 mg/g SNI standard.
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