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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
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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

References

The research by Fouda et al. [29]
showed that the addition of organic
substances in HCI reduced the corrosion
rate of zinc because the thin layer
produced could isolate the metal surface.
The use of oleic acid in the acidizing
treatment process showed a decreased
corrosion rate from 2,525.12 to 77.34 mpy
[13]. The addition of other additives, such
as arginine, to the HCI solution, also
reduced the corrosion rate. This significant
reduction occurred due to the function of
arginine, acting as an inhibitor; and
forming a passive layer on the surface,
which obstructed the attack of corrosive
solutions [14].

4. Conclusion

In conclusion, this research showed
that acidizing treatment using a 15% HCI
solution was highly effective in removing
CaCOs scale. However, it had a corrosion
rate of 186.255 mpy, which was
categorized as poor. The addition of an
EDTA additive solution at 10 mL in a 30
mL HCI solution in acidizing treatment
method effectively eliminated the CaCO3
scale and reduced the corrosion rate by
85%.

[1] Irawan, A., & Isjudarto, A. (2016). Evaluasi Penanggulangan Problem Scale Pada Flowline
Sumur TIj-Xxx Di Pt. Pertamina Ep Asset Il Field Prabumulih Sumatera Selatan. Teknik
Pertambangan STTNAS Yogyakarta, 1-6.

[2] Silva, C., Filho, D., Zanin, M., & Panossian, Z. (2021). Impact of Crude Oil Emulsion on
Pipeline Corrosion. Journal of Petrochemical Engineering, 1(1), 11-19. doi: 10.36959/901/249

[3]  Alighiri, D., Fatmala, C., Syafi, I., & Haditya, E. B. (2018). Studi Pembentukan Scale CaCO3
dan CaSO, pada Air Formasi Sumur Minyak di Cepu, Indonesia. Fisika, 8(1), 28-36. doi:
10.15294/jf.v8i1.14496

CHEESA, 6(2), pp 95-104, 2023 | 102
This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )



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

[4]

[5]
(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

Ibrahim, P. A., & Fajri, A. N. (2020). Analisa Laju Pertumbuhan Silica Scaling pada Pipa Air
Kondensat Scrubber Unit 5 di Industri Geothermal. Molecules, 2(1), 1-12. doi:
10.36418l/jist.v1i4.42

Musmuliadi. (2020). Scale Pada Pipa Produksi Area Minas Dengan Injeksi Chemical Scale
Inhibitor, 7(1), 69-76. doi: 10.37859/jst.v7i1.2352

Fatra, F., & Suwignyo, J. (2020). Analisa Pengaruh Penambahan Asam Tartrat Terhadap
Pembentukan Kerak Di Dalam Pipa Pengeboran Minyak Bumi. Journal of Automotive
Technology Vocational Education, 1(2), 1-8. doi: 10.31316/jatve.v1i2.991

Septiani, M., Santoso, K., & Abdul Majid, R. (2019). Efektivitas Asam Nitrat (HNO3) Sebagai
Pelarut Alternatif Pada Proses Acid Wash Terhadap Plate Electrolyzer Di Pt Kaltim Nitrate
Indonesia. Journal of Chemical Process Engineering, 3(2), 17. doi: 10.33536/jcpe.v3i2.258
Kinasih, R. C., Amin, M., & Prabu, U. A. (2013). Analisa Hasil Acidizing Treatment untuk
Menanggulangi Scale CaCOj3; dalam Upaya Mengoptimalkan Kemampuan Berproduksi Sumur
R-11 PT. Pertamina EP Asset 2 Limau Field. Journal of Earth Energy Engineering, 7(April), 1.
Gamal, H., Elkatatny, S., Al-Afnan, S., & Bahgat, M. (2021). Development of a Unique
Organic Acid Solution for Removing Composite Field Scales. ACS Omega, 6(2), 1205-1215.
doi: 10.1021/acsomega.0c04335

Al-Shargabi, M., Davoodi, S., Wood, D. A., Ali, M., Rukavishnikov, V. S., & Minaev, K. M.
(2022). A critical review of self-diverting acid treatments applied to carbonate oil and gas
reservoirs. Petroleum Science. doi: https://doi.org/10.1016/j.petsci.2022.10.005

Tian, Y., Guo, W., Wang, W., Wang, B., Zhang, P., & Zhao, T. (2023). Influence of organic
corrosion inhibitors on steel corrosion in concrete under the coupled action of freeze-thaw
cycles and chloride attack. Construction and Building Materials, 368, 130385. doi:
10.1016/j.conbuildmat.2023.130385

Kahkesh, H., & Zargar, B. (2023). Estimating the anti-corrosive potency of 3-nitrophthalic acid
as a novel and natural organic inhibitor on corrosion monitoring of mild steel in 1 M HCI
solution. Inorganic Chemistry Communications, 158, 111533. doi:
10.1016/j.inoche.2023.111533

Kementerian Energi dan Sumber Daya Mineral. (2020). Sintesis Aditif Scale Removal Berbasis
Asam Organik untuk Penanganan Scale Silika dan Karbonat Di Sumur Migas dan Panas
Bumi. Jakarta.

Kayadoe, V. (2018). Kinerja arginin sebagai inhibitor korosi baja SS-304 dalam larutan HCI.
MjoCE, 8(2), 103-112. doi: 10.30598/MJoCEvol8iss2pp103-112

Bolzoni, F., Brenna, A., & Ormellese, M. (2022). Recent advances in the use of inhibitors to
prevent chloride-induced corrosion in reinforced concrete. Cement and Concrete Research,
154, 106719. doi: https://doi.org/10.1016/j.cemconres.2022.106719

Chacon, O. G., & Pournik, M. (2022). Matrix Acidizing in Carbonate Formations. Processes.
doi: 10.3390/pr10010174

Mohamed, A., Jr, D., & Bastidas, D. (2021). Significance of n—Electrons in the Design of
Corrosion Inhibitors for Carbon Steel in Simulated Concrete Pore Solution. Corrosion, 77. doi:
10.5006/3844

Liu, Z., Zhang, F., Li, X., & Wang, D. (2023). Improved corrosion inhibition of calcium
disodium EDTA for mild steel in chloride-contaminated concrete pore solution. Cement and
Concrete Composites, 140, 105075. doi: 10.1016/J.CEMCONCOMP.2023.105075

Ahmad, N. M., & Said, L. (2015). Analisa Air Formasi dalam Menentukan Kecenderungan
Pembentukan Scale pada Sumur X, Y dan Z. Seminar Nasional Cendekiawan, (ISSN: 2460-
8696317), 317-325.

Liestyana, R., & Said. (2018). Analisa Air Formasi terhadap Kecenderungan Pembentukan
Scale Calcium Carbonat (CaCOs) dan Calcium Sulfate (CaSO.). Prosiding Seminar Nasional
Cendekiawan, 0(0), 725-734. doi: 10.25105/semnas.v0i0.3528

Norris, R., & Ryan, L. (2015). Essential Chemistry for Cambridge IGCSE®. OUP Oxford.
Retrieved from https://books.google.co.id/books?id=xszKDWAAQBAJ

Abdulraheem, A. (2022). Impact of HCI Acidizing Treatment on Mechanical Integrity of
Carbonaceous Shale. ACS Omega, 7(16), 13629-13643. doi: 10.1021/acsomega.1c07175
Jafarpour, H., Moghadasi, J., Khormali, A., Petrakov, D. G., & Ashena, R. (2019). Increasing

CHEESA, 6(2), pp 95-104, 2023 | 103

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



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

[24]

[25]

[26]

[27]

[28]

[29]

the stimulation efficiency of heterogeneous carbonate reservoirs by developing a multi-bached
acid system. Journal of Petroleum Science and Engineering, 172, 50-59. doi:
10.1016/j.petrol.2018.09.034

Xu, Z.-X., Li, S.-Y., Li, B.-F., Chen, D.-Q., Liu, Z.-Y., & Li, Z.-M. (2020). A review of
development methods and EOR technologies for carbonate reservoirs. Petroleum Science,
17(4), 990-1013. doi: 10.1007/s12182-020-00467-5

Wang, G., & Li, H. (2023). Metal extraction and analysis. In M. J. Goss & M. B. T.-E. of S. in
the E. (Second E. Oliver (Eds.), (pp. 50-57). Oxford: Academic Press. doi:
https://doi.org/10.1016/B978-0-12-822974-3.00144-0

Raharjo, S. (2020). Pembentukan dan Pengendalian Kerak Mineral di dalam Pipa. Semarang,
Jawa Tengah.

Afandi, Y. K., Arief, I. S., & Amiadji. (2015). Analisa Laju Korosi pada Pelat Baja Karbon
dengan Variasi Ketebalan Coating. Institut Teknologi Sepuluh Nopember (ITS), 4(1), 1-5. doi:
10.12962/j23373539.v4i1.8931

Nurfajri, 1., Naubnome, V., & Hanifi, R. (2022). Pengaruh Variasi Presentase HCL Terhadap
Laju Korosi, Nilai Kekerasan dan Struktur Mikro Sambungan Las TIG Baja ST 60. Jurnal
Ilmiah Wahana Pendidikan, 8(19), 480-488. doi: 10.5281/zenodo.7222820

Fouda, A. S., Rashwan, S., Emam, A., & EI-Morsy, F. E. (2018). Corrosion Inhibition of Zinc
in Acid Medium using some Novel Organic Compounds. International Journal of
Electrochemical Science, 13(4), 3719-3744. doi: 10.20964/2018.04.23

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

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



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

