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Graphical abstract Abstract
R (P o In this work, formulations for dissolution of calcium carbonate (CaCOg3), barium sulphate
I\ ORI, 5 (BaSO4) and iron (ll) sulphide (FeS) were developed. Tri potassium EDTA (EDTA-K3),

tetrasodium EDTA (EDTA-Na4) and pentapotassium DTPA (DTPA-KS) were blended with
synergist to dissolve CaCO3, FeS and BaSO4 solids respectively. The synergists used are
hydrochloric acid (HCI) and acetic acid (HAc) for CaCO3, potassium carbonate
(K2COg3) for BaSO4 and formic acid for FeS. Molecular dynamic simulations were
conducted fo study the intermolecular interaction (g(r)) between oxygen in the
chelating agent with the metal ion in the solid scale. The (g(r)) of oxygen in EDTA-K3
with Ca shows an increment from 6.06 to 6.86 at a radius (r) of 2.25 A with the addition
of a synergist. However, g(r) of Ba with oxygen in DTPA-K5 shows reduction with the
addition of synergist from 2.68 to 1.40 at r of 3.25 A. The g(r) of Fe with oxygen in EDTA-
Na4 also shows reduction with the addition of synergist from 10.7 to 10.01 at r 1.75 A.
Overall, the g(r) of Fe and Ca with respective chelate agents was good, while Ba was
weak. The dissolution test at 60 °C for 24 hours was performed and validated with ICP-
OES. The blending formulation dissolved 68 % mass of CaCO3 (19 940 ppm Ca), 40 % of
BaSO4 (8 200 ppm Ba), and 25% of FeS (3 528 ppm Fe). The findings useful fo give insight
intfo the synergist chemical role at the nanoscale in chelating the metal is solid scale
dissolution.

Keywords: Chelate agent, intermolecular interaction, solid scale dissolution, EDTA, DTPA

Abstrak

Dalam kajian ini, satu formulasi untuk pelarutan kalsium karbonat (CaCO3), barium
sulfat (BaSO4) dan ferum (ll) sulfida telah dibangunkan menggunakan. EDTA tri kalium
(EDTA-K3), EDTA tetra nafrium (EDTA-Na4), dan DTPA penta kalium (DTPA-KS) telah di
campur dengan bahan sinergis untuk melarutkan masing-masing pepejal CaCO3, FeS
dan BaSO4. Sinergi yang digunakan adalah asid hidroklorik (HCI) dan asid asetik (HAc)
untuk CaCOg3, kalium karbonat (K2CO3) untuk BaSO4 dan asid formika untuk FeS.
Simulasi dinamik molekul telah dijalankan untuk mengkaiji interaksi antara molekul (g(r))
oksigen dalam agen pengelat dengan ion logam dalam pepejal tersebut. Didapati,
(g(r)) oksigen dalam EDTA-K3 dengan Ca menunjukkan peningkatan daripada 6.06
kepada 6.86 pada jejari () 225 A dengan penambahan sinergi. Walau
bagaimanapun, g(r) molekul Ba dengan oksigen dalam DTPA-KS menunjukkan
pengurangan dengan penambahan sinergis daripada 2.68 kepada 1.40 pada r 3.25 A.
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g(r) Fe dengan oksigen dalam EDTA-Na4 juga menunjukkan pengurangan dengan
penambahan sinergis daripada 10.7 kepada 10.01 pada r 1.75 A. Secara keseluruhan,
interaksi antara molekul Fe dan Ca dengan agen pengelat masing-masing adalah baik

manakala interaksi Ba adalah lemah. Ujian kelarutan telah dijalankan pada suhu 60 °C
selama 24 jam dan telah telah disahkan dengan ICP-OES. Formulasi campuran ini
melarutkan 68% jisim CaCO3 (19 940 ppm Ca), 40% BaSO4 (8 200 ppm Ba), dan 25% FeS
(3 528 ppm Fe). Hasil penemuan ini menyumbang pemahaman peranan bahan kimia
sinergis pada skala nano dalam pengelatan logam dalam kerak pepeijal.

Kata kunci: Agen pengelat, interaksi antara molekul, pelarutan kerak pepejal, EDTA,

DTPA

© 2025 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Calcium carbonate (CaCOQOgs), barium  sulphate
(BaSO4) and iron (ll) sulphide (FeS) are among the
common solid scales deposition which occurs in oil
well operation [1]. These scales can form in the
perforations tunnel of the reservoir, which leads to the
formation damage at the subsurface and surface of
production facilities with major operational issues [2,
3]. Hydrochloric acid (HCI) is commonly used to
dissolve solid scale, but its dissolution capability is
limited to the type of scale [4] as well as corrosive [5],
expensive when used in high-temperature stimulation
as extra equipment and protection needed and may
cause the release of foxic gas such as hydrogen
sulphide [6, 7] from reaction with sulphur in oil well [4,
8]. Meanwhile, organic acids such as acetic acid
and formic acid are used to reduce the corrosion
properties but offer lower dissolution than HCI [9].
Also, organic and HCI acids can be combined to
enhance the dissolution process and formulation [4].
Aminopolycarboxylic acid (APC) chelating agents
effectively dissolve calcite at a low pH and cause the
least damage to steel well tubular than mineral or
organic acids [10, 11]. Amino acid ionic liquid has
also been suggested as a potential chemical solvent
for solid-scale dissolution, although sfill in early study
[12]. Other than ionic liquid, a new generation
solvent, which is a deep eutectic solvent, less toxic
and greener, can be explored as a chelating agent
for the solid scale dissolution [13]. The most common
APCs are ethylenediaminetetraacetic acid (EDTA),
hydroxyethylethylene diaminetriacetic acid (HEDTA),
diethylenetriaominepentaacetic acid (DPTA) and
nitrilotriacetic acid (NTA) which are used as metal ion
chelates. The combinations of APC with acids are
commonly used to prevent iron precipitation during
acidising in oil wells, and the formulation can be used
as a scale dissolver for CaCOs and FeS scales. EDTA
deprotonates to H2EDTA2 and H2EDTA-3, which will
participate in chelating calcium ions from calcium
carbonate [14]. An increase in the concentration of
EDTA in the solution confributes to an increase in the
chelation site. Also, increasing EDTA concentration
will reduce the active acefic acid sites due to
decreasing solubility [15, 16]. Meanwhile, a synergist
catalyst can also be used to dissolve the BaSO4

scale. In the present work, a versatile EDTA and DTPA
were developed to dissolve CaCOs, BaSO4 and FeS.

Infermolecular interaction between selected
functional groups in a chelating agent with metal
ions can provide insight at a molecular level of
strength and probability of interaction that might
form [12, 17, 18]. This interaction can be compared
with experimental results to construct a possible
relation between simulated intermolecular
interaction and real situations. To study the
intermolecular interaction between oxygen in the
chelating agent with the metal ion in the solid scale,
infermolecular interaction  was simulated  using
molecular dynamic simulation and represented using
radial distribution function (RDF). The RDF value, g(r).
gives the probability of finding an atom or molecule
at a distance r from another atom or molecule
compared fo an ideal gas distribution; gfr) is
dimensionless [19]. A closer interatomic distance (r)
and higher peak (g(r)) can be interpreted to indicate
a stronger interaction [20]. The RDF was generated
for oxygen atoms in the carboxylic groups of the
chelating agent with the metal ions in the solid scale
as it will be the ligand that binds the metal ion [21].
Due to the tendency to form a bond and coulombic
non-bonded intferaction, the infermolecular
interaction of the carboxyl group is expected to be
high [18, 22].

2.0 METHODOLOGY

2.1 Molecular Dynamic Simulation

In this study, infermolecular interaction was simulated
using molecular dynamic simulatfion, carried out
using Material Studio version 7.0, licensed by Acceryls
Inc (San Diego, USA). The workstation used to
conduct this simulation was an HP Z400 workstation
fitted with an 8 GHz dual-core processor running on
Windows 7, 64-bit version. The molecular structure
used in this study was downloaded from the
database ChemSpider in a Jmol. format, which is
supported by Material Studio [23]. Prior to the
simulation, the structures were optimised, and the
system for the interaction between solid scale and
solvent was constructed using the Amorphous Cell
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Box module. The dynamic simulation was conducted
for constant NVE for 100ps. This was followed by
dynamic simulafion under constant NVT for another
900 ps to complete full 1ns of simulation time [12, 18,
24, 25]. The result was then analysed using the radial
distribution  function (RDF). The main functional
groups that interact with a solid scale were oxygen in
carboxylic (-COOH) or carboxylate (-COO-). Oxygen
was selected as the inferaction site of interest due to
the nature of the chelafing agent forming a bond
with metal ions using oxygen in the carboxyl group
[12, 18, 26, 27]. Table 1 below shows the list of
molecular dynamic simulation systems conducted in
this study. The ratio of chelating agent with solid scale
was chosen based on the capability of the chelating
agent fo form a bond with metal ions of at least a 1:1
molar ratio [28, 29]. The amount of water was
estimated based on the optimum concentration of
chelating agent previously reported in various
literature [12, 18, 30, 31]. The selection of chelating
agents and synergists for specific solid scales is based
on the literature [17, 32-35]. Figure 1 shows the
molecular structure of the chelating agent used in
the intermolecular interaction simulation.

Table 1 Molecular dynamic simulation systems conducted
with the number of molecules used of water, chelate,
synergist and solid scale

System Number of Molecules

(Chelate--

Solid Scale) Water Chelating Solid Synergist
Agent Scale

EDTA-Ks-- 450 50 50 None
Calcium

Carbonate

EDTA-Ks-- 450 50 50 17
Calcium

Carbonate

with  Synergist

(HCI)

DTPA-Ks-- 450 50 50 None
Barium

Sulphate

DTPA-Ks-- 450 50 50 17
Barium

Sulphate  with

Synergist

(K2COs3)

EDTA-Nas— 450 50 50 None
Iron (I

Sulphate

EDTA-Nas— 450 50 50 17
Iron (1

Sulphate  with

Synergist

Figure 1 Molecular structure of chelating agents used in the
infermolecular interaction simulation study a) EDTA-Ks, b)
DTPA-Ks and c) EDTA-Na [23]

2.2 Chemicals and Materials

EDTA, EDTA-Nas (tefrasodium EDTA) and DTPA
powder were purchased from Acros Organics.
Hydrochloric acid (37 wt % HCI), Glacial acetic acid
(99 wt % HAc), formic acid (98 wt %), potassium

hydroxide (99.99 % KOH) pellets, potassium chloride
(99.9 % KCI), potassium citrate, potassium carbonate
(99.9 % KoCOs) and oxalic acid were used in the
formulations. CaCOs, BaSO4 anhydrous and FeS (80%)
were purchased from HmbG.

2.3 Formulation of Chemical Dissolver

Chemicals selected for dissolver formulation were
based on the molecular dynamic simulafion system
listed in Table 1. Two or more chemicals were blended
to study different scale solubility af different
concentrations or amounts of synergist used. The
chelating agent was first dissolved in deionised (Dl)
water in a beaker with a magnetic stirrer at medium
speed. Synergist was then added slowly based on the
desired concentration or amount info the chelate
agent solution to avoid reprecipitation of the chelate
agent. The solutions were fransferred info a 250 ml
volumetric flask to complete the preparation. Table 2
below shows the chelate agent and synergist used in
the formulation for the selected solid scale. The
selected solid scales were calcium carbonate
(CaCQgs), Barium sulphate (BaSO4) and iron (Il
sulphide (FeS).
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Table 2 Chelate agent and synergist use for selected solid
scale

Chelate Agent Synergist Targeted Solid
Scale
EDTA-K3 HCl and HAc CaCOs
DTPA-Ks K2COs BaSO4
EDTA-Nay Formic Acid FeS

2.4 Dissolution Test

The dissolution test was conducted using the
gravimetric method at 60 °C for 24 hours with 4g of
CaCQs, 2g of BaSO4 and 2g of FeS in different dissolver
formulations. The sample was put into separate
centrifuge tubes with 40 ml of formulation added [10-
12]. A minimum of three repetitions were conducted
to obtain an average and consistent dissolution
percentage. Two of the formulation solutions after the
dissolution test were selected for analysis using
inductively coupled plasma optical  emission
spectroscopy (ICP-OES) analysis to identify the
dissolved solid scale concentrations. The two solutions
are among the highest dissolufion tests for every
dissolver formulation.

2.5 Properties Characterisation
2.5.1 Density Measurement

The desired dissolver solutions for every solid scale
were determined after the dissolution test. The pH was
measured using the Mettler Toledo pH meter. The
density of the dissolvers was estimated using a
pycnometer bottle and analytical balance. The mass
of the liquid in a fixed volume at room temperature (25
°C) and pressure were measured repeatedly to obtain
the mean value, and the density was calculated by
dividing mass by volume [36, 371].

2.5.2 Boiling Point Analysis

The boiling point test was conducted using Buchi's
melfing point M-560 based on the Siwoloboff method
[38]. The sample was placed intfo the heating block
with the initial set temperature of 60 °C and heating
rate of 10 °C/min until reaching a maoximum
temperature of 160 °C.

2.5.1 Corrosion Test

The corrosion test was conducted using the Gamry
instrument interface T000E, which was set up using the
linear polarisation method (LPR) and carbon steel
coupon as test material. The polarisation resistance
method was selected with a scan rate of 0.125 mV/s
with the potfential range from £10 mV [39].

3.0 RESULTS AND DISCUSSION

3.1 Intermolecular Interaction of EDTA with Calcium
Carbonate

Figure 2 shows the intermolecular interaction of
oxygen in EDTA-Ks with calcium ions. At g(r) equal to
2.25 A, the probability of interaction is computed at
6.06, showing a good intermolecular interaction
between the chelation site in EDTA with calcium ions.
The addition of synergists into the system improves the
infermolecular interaction to probability g(r) at 6.86. In
comparison, a previous study involving intermolecular
interaction of the chelating agent with CaCOs shows
infermolecular interaction simulated between oxygen
atom in GLDA-NA4 and DTPA-Ks with calcium atom in
CaCOs at g(r) equal to 2.25 A is 4.19 [18] and 10.09
[35] respectively. In addition, Che Azimi, et al. [17] also
reported that simulation of intermolecular interaction
between DTPA with CaCOs occurs with a low
probability of only 1.47.

Octadentate DTPA is one of the chelate agents
with ligand sites, such as five carboxylic acids and
three amine groups. DTPA, without its salt present as
the functional group, is not suitable to bind CaCOs
due to the low intermolecular interaction established,
albeit the hydroxyl group has a strong intermolecular
interaction with CaCOs [17]. Coulomb non-bonded
might increase the interaction of the hydroxyl group
with adjacent molecules [22]. Results from this study
and previous studies indicate that the number of
chelation sites and the presence of salt in the
chelating agent functional group will improve
intermolecular interaction between metals and the
chelating agent. Strong intermolecular interaction
from the simulation result in Figure 2 shows that EDTA-K3
is a good and potential chelating agent to be used in
the formulation of calcium carbonate scale dissolver.
The initial and final configuration of molecules for
EDTA-Ks with CaCOs is shown in Figure 3 without
synergist and Figure 4 with synergist. Despite the good
infermolecular interaction simulated, very few
changes between the initial and final molecule
configuration can be observed. This is due to more
simulafion fime and an increased number of
molecules considered in the simulation box for a
better snapshot frame difference [40]. However,
uniform distribution of the molecules can be observed
in Figure 4 due fo the addition of synergists in
comparison to Figure 3, likely contributing to stronger
infermolecular interaction as shown in Figure 2.
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Figure 2 Intermolecular interaction of oxygen in EDTA-Ks with
calcium atom in CaCOs with and without synergist

b
-w“z-

Figure 3 Initial (a) and final (b) configuration of molecules in
EDTA-Ks--CaCOs system

Figure 4 Initial (a) and final (b) configuration of molecules in
EDTA-K3--CaCOs with synergist system

3.1.2 Dissolution of Calcium Carbonate in EDTA-
K3-Based Dissolver

Figure 5 shows the dissolution rates of CaCOgz at 0.4
M, 0.5 M, and 0.6 M Ks-EDTA at 60 °C for 24 hours.
Increasing the concentration of EDTA resulted in the
increasing dissolution rate of CaCOs from 29% to 48%
occurs at pH > 6.2. EDTA deprotonates to HEDTA2
and H2EDTA-3, which will participate in chelating
calcium ions from calcium carbonate [14]. An
increase in the concentration of EDTA in the solution
contributes to an increase in the chelation site. Also,
increasing EDTA concentration will reduce the active
acetic acid sites due to decreasing solubility [16].
Based on Figure 5, 0.6 of M Ks-EDTA was selected as

the optimum concentration for the addition of HCI
and acetic acid.

=

A8%

Dhssodulicon Moass (%]
B
=
M
=
L)

N

04 05 L]
Conceniralion K+-EDTA (k)

Figure 5 Dissolution of CaCQOs in K3-EDTA Solution

The addition of HCI as a synergist reduces the pH
of the dissolver to 5.2-5.8. The reduction of pH
confributes to the increase of the dissolution, as
shown in Figure 6, with the highest dissolution
achieved up to 58% with the addition of 0.2 M HCI at
pH 5.6. This is because acetic acid is an organic acid
that will be partially ionised in an aqueous solution,
whereas HCl is a stfrong mineral acid that will be fully
dissociated. Vigorous bubbling was observed during
the initial process of dissolution, indicating the release
of CO2 gas [41]. EDTA slowly precipitates upon the
addition of 0.5 M HCI due to a decrease in the pH of
the solution. Previous studies showed that EDTA
solution will precipitate at a pH below 4 [10, 42]. The
usage of a low concentration of HCI (0.2 M) will
reduce the corrosivity of the blending relative to
using a high concentration of HCI.

Figure 7 shows the dissolution of CaCOs in 0.6 M
Ks-EDTA with different concentrations of HAc (M). The
highest dissolution of CaCOs was recorded up to
59%, with the addition of 0.3 M of HAc occurring at
pH 5.9. This dissolution of CaCOs in EDTA-Hac is
equally efficient as the EDTA-HCI blend (Figure 6). The
addition of HCI or HAc to EDTA reduces the pH and
increases the dissolution rate. This is due to more
participation of hydrogen protons in the acid attack
prior to chelation from EDTA molecules [41]. The
efficacy of calcium chelation using EDTA depends
on the solvent's pH to dissolve CaCOas. Further
formulation was made with the addition of both HCI
and HAc into 0.6 M Ks-EDTA, as shown in Figure 8. The
highest dissolution of CaCOs was recorded up to 68%
for the addition of 0.2 M HCI and 0.3M HAc into 0.6 M
Ks-EDTA, occurring at pH 4.87. ICP-OES analysis of the
solvent after dissolution shows that calcium ions were
dissolved up to 19 940 ppm. This calcium ions
concenfration result was on par with the commercial
chelating agent-based dissolver previously reported
by LePage et al., [42] at 19 700 ppm at pH 3.0.
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Figure 6 Dissolution of CaCOQOs in 0.6 M Ks-EDTA with different
concentrations of HCl added
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Figure 7 Dissolution of CaCOs in 0.6 M KsEDTA with different
concenfrations of Hac (M)
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Figure 8 Dissolution of CaCOzsin 0.6 M Ks-EDTA and 0.2 M HCI
with different HAc (M) concentrations added

3.2 Intermolecular Interaction of DTPA with Barium
Sulphate

Barium sulphate is considered as one of the most
difficult solid scales to dissolve [30, 31]. However,
DTPA-based solid scale dissolvers have been known

to be effective when dissolving barium sulphate.
Molecular dynamic DTPA-Ks with barium in BaSOa4
was simulated. Figure 9 shows the intermolecular
inferaction between oxygen in DTPA-Ks with Ba in
BaSOua. Intermolecular interaction of oxygen in DTPA-
Ks with barium occurs at r 3.25 with g(r) 2.68. Ma, et
al. [43] previously studied that the intermolecular
inferaction DTPA-Nas demonstrates a  closer
inferaction due fo a shorter interaction radius
between 001 BaSO4 surface and O1 and O2 atoms in
DTPA-Nas at 2.86 A and 2.79 A, respectively. Both of
the O atoms are from the carboxylic group, which
replaced both Na atoms. Figure 9 shows that the
addition of synergist info the system reduced the g(r)
value to 1.40. The usage of potassium carbonate as a
synergist in the dissolution of barium sulphate using
DTPA was previously suggested by Bageri, et al. [31].
The study shows that the addition of synergists into
the DTPA-Ks solution improves the dissolution of
barium sulphate. Mahmoud, et al. [44] propose that
K2COs will react directly with some of the BaSOas
molecules forming BaCQOs, thus not improving the
intermolecular interaction between oxygens in DTPA
and barium atoms. In addition, the reduction of
infermolecular interaction after the addition of
synergists can be associated with the proximity effect
of neighbouring atoms that reduce the
infermolecular interaction with the increasing number
of molecules [45, 46].

The initial and final configuration of molecules for
DTPA-Ks with BaSOs is shown in Figure 10 without
synergist and Figure 11 with synergist. The addition of
synergist (K2COs) increases the number of molecules
with potassium atoms dispersed out of the simulation
box. The configuration shows no significant changes
in the molecular dispersion of DTPA before and after
simulatfion due to weak intermolecular interaction.

g(n)

0 5 10 15 20

rd)
—— O-DTPA-K5--Ba  «=weeeeee O-DTPA-K5--Ba Synergist

Figure 9 Intermolecular interaction of oxygen in DTPA-Ks with
Ba in BaSO4 with and without synergist
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Figure 10 Initial (a) and final (b) configuration of molecules
in DTPA-Ks—BaSO4system

Figure 11 Initial (a) and final (b) configuration of molecules
in DTPA-Ks—BaSO4with synergist system

3.2.1 Dissolution of Barium Sulphate with DTPA
based dissolver

The effectiveness of the DTPA-Ks chelate agent in
dissolving BaSO4 was evaluated. Figure 12 shows the
dissolution of BaSO4 in different concentrations of
DTPA-Ks. BaSO4 scale has a dense and hard crystal
structure, and DTPA demonstrates a good solubility
for BaSO4 removal under strong alkaline conditions
[43]. This study recorded the highest BaSO4 dissolution
at 0.6M of DTPA-Ks, with dissolution up to 30% at pH
>12. At high concentrations of DTPA-Ks, the
dissolution behaviour is influenced by the crowding
of molecules at the barite surface, resulting in steric
hindrance with a reduction in overall reaction activity
[47]. A previous study reported that the solubility of
barite is 1.17 g/L (650 ppm of Ba) in a 0.05 M DTPA
solution during 19 hours at 22°C, indicating that a
lower concentration of DTPA resulted in a good
dissolving rate at a low temperature [48].

The addition of K2COs has further improved the
dissolution capability, as shown in Figure 13. The
solution with the addition of K2CO3 has a pH value of
13-14. The highest dissolution was recorded up to 40%
for the addition of 5g of K2COs into 0.6 M DTPA-Ks
solution. The result also shows that BaSO4 dissolved at
a high alkalinity environment. High alkalinity allowed
for full deprotonation of the chelate agent and
increased the dissolution of BaSOs4 [30]. ICP-OES
analysis shows that the concentration of Ba detected
in the solution after the dissolution test was 8200 ppm.
The increase in the dissolution rate of BaSO4 with the

addition of K2COs result is in agreement with the
previous study by Bageri et al. in 2017 [31].

&)
&1

3 I 5%
# 1
G i T
= ol
£EX T
L= 15%
2
]

L

.4 0.5 0 o7
Conceniration of K.-DIPA (M)

Figure 12 Dissolution of BaSOs4 in different concentrations of
DTPA-Ks

60

40% 40%
40

20%
20

Dissolution Mass (%)

4g 59 69

Mass of K;CO5 added (g) into 0.6M K5 -DTPA

Figure 13 Dissolution of BaSOy4 in different mass (g) of DTPA-Ks
with potassium carbonate added

3.3 Intermolecular interaction of EDTA-Nas with Fe in
FeS

Figure 14 shows the intermolecular interaction of
EDTA-Nas with FeS. The delocalisation of COO- is
expected to improve the intermolecular interaction
due to the possibility of COO- groups forming a bond
with Fe molecules [18, 49, 50]. The result shows that
intermolecular interaction occurs at r 1.75 A with a
probability of 10.71. Previous study by Sulaiman, et al.
[12] for intermolecular interaction of GLDA-Na4 with
FeS occurs at a similar r of 1.75 A with a probability of
slightly lower at g(r) of 10.17. This strong
infermolecular interaction of iron in FeS with the
chelating agent is also demonstrated by Che Azimi,
et al. [17] for intermolecular interaction of DTPA with
FeS.

However, the addition of synergist into the system
shows insignificant changes in the intermolecular
intferaction between oxygen in EDTA-Nas with Fe with
a slight reduction of probability from 10.71 to 10.01.



1160 Muhamad Hadi Sulaiman et al. / Jurnal Teknologi (Sciences & Engineering) 87:6 (2025) 11531163

EDTA-Na4 has a good infermolecular interaction with
Fe that can be utilised as a dissolution agent. The
initial and final configuration of molecules for EDTA-
Nas with FeS is shown in Figure 15 without synergist
and Figure 16 with synergist. Despite strong
intermolecular interaction, the molecular
conformation did not show any significant changes.
However, the addition of synergist increases the
number of molecules in the simulation box, which
might cause the proximity effect, reducing the
intermolecular interaction [45].

o
1.75,10.71 , j\
[o} /
R N o Na*
175, 1001 Na \( i
L
o. kY
b

N

N

N

g (r)

Na*

5 10 15 20
r(d)
—— O-EDTANa4-Fe  «eeeee O-EDTANa4--Fe Synergist

Figure 14 Intermolecular interaction of oxygen in EDTA-Nas
with Fe

Figure 15 Initial (a) and final (b) configuration of molecules
in the EDTA-Nas-FeS system

Figure 16 Initial (a) and final (b) configuration of molecules
in EDTA-Nas-FeS system with the synergist

3.3.1 Dissolution of FeS with EDTA-Based Dissolver

The dissolution test result for different concentrations
of EDTA-Nas at 65° C and 24 hours is shown in Figure
17. The results indicated the same dissolution rate af
5% occurs at pH between 9 - 10.3, which exhibits
alkaline properties. There was no significant
improvement in FeS scale solubility at this pH range.
Synergists such as potfassium citrate and potassium
chloride ranging at 2.5 wt. %, 5 wt. % and 10 wt. %
used with Nas-EDTA had no significant effect on the
dissolution rates of FeS scale. This is because the pH
of these two synergists at all different concentrations
is in alkaline condition. Although previous studies
using EDTA at pH 8-10 were able to dissolve 80 % of
FeS scale after 20 hours [16], similar results could not
be obtained in this study. Variation of solubility of FeS
from the same source in similar dissolver
concenfration and condition was previously
observed due to the effect of the molar ratio of FeS
to acid as well as the presence of material such as
grease that might block the dissolution of the metals
on the surface of the solid scale [51].

Figure 18 shows the dissolution of FeS in 10 wt% of
Na4+-EDTA with the addition of formic acid. The
addition of formic acid reduces the pH from alkaline
to acidic. The highest dissolution was recorded for
the addition of 3 wt% of formic acid dissolved up to
25 % FeS at pH 4.4. ICP-OES analysis of the solvent
after the dissolution shows the concentration of Fe
detected at 3528 ppm. Addition of 1.5 wt. %
hydrochloric acid, with a pH of 4.15, also showed a
similar dissolution rate to formic acid af pH 4.41. Af
acidic conditions, the concentration of hydrogen
(H*) ions is high in the dissolver, which aids and
speeds up the dissolution of the FeS scale. This is
because scales such as iron () sulphide and
carbonate depend on the brine pH [?]. The main
mechanism of dissolution of FeS scale is visible at pH
<9, where H* aftack is dominant [52].

&
g 5% 5% 5%
z 5 T T T
o
8
El
2
ﬁ
0
10 15 20

Concenftration of Na,-EDTA (wi%)

Figure 17 Dissolution of FeS in different concentrations of
EDTA-Nag
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30 -
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2 20 |
c 15%
9]
2 10%
210
g

O T
1wt % 2wit% 3wt %
wt % concentration of Formic Acid mixed with 10wi%
of Na,-EDTA solutficn

provide better data on the dissolution rate of solid
scale in the formulation developed. The formulation
for CaCOs and FeS was found to be corrosive; thus, a

corrosion inhibitor was recommended for further

improvement.

Table 3 Properties of formulated dissolver for CaCOs BaSO4

Figure 18 Dissolution of FeS in 10wt% of EDTA-Nas with
different concentration of formic acid added (wt%)

3.3 Properties of Formulated Dissolver

Table 3 shows the properties of the final formulation
for CaCQOs, BaSO4, and FeS dissolver developed in
this study. The corrosivity of carbon steel coupon in
the final formulation for CaCOs dissolver is 18.0341
mpy at ambient temperature. This corrosivity rate,
although high, is still considered good but needs to
be used with caution as it sfill can damage steel
surfaces for prolonged use [53]. However, further
improvement can be done by adding a corrosion
inhibitor to the formulation. For the dissolver of BaSOs4,
this solufion was found to be non-corrosive [53] at
ambient temperature on carbon steel coupon
measured at 0.09927 mpy. For dissolver of FeS, the
final formulation is found fo be corrosive on carbon
steel coupon at ambient temperature measured at
90.78354 mpy. A corrosion inhibitor  was
recommended to improve this formulation further.

4.0 CONCLUSION

Fe with EDTA-Na4 shows the highest intermolecular
interaction, followed by Ca with EDTA-Ks and Ba with
DTPA-Ks. The addition of synergist slightly increased
the intermolecular interaction of Ca with EDTA-K3 but
showed no improvement of intermolecular
interaction for Ba with DTPA-Ks and Fe with EDTA-Na4
when synergist was added. The combination of
acetic acid in EDTA-Ks significantly enhanced the
removal of calcium carbonate by up to 59%. A
combination of EDTA-Ks, HAc and HCI results in the
highest dissolutfion of CaCOs at 68% or 19 940 ppm
Ca. EDTA tend to precipitate at conditions below pH
4.88. Potassium carbonate is an effective synergist
that can be mixed with DTPA-K5 for barium sulphate
scale dissolution, giving 40% dissolution of BaSOa4 or
8200 ppm Ba. EDTA-Nas can be combined with
formic acid to improve the FeS scale dissolution rate,
with the highest dissolution rate of 25 % at a pH less
than 5. It is recommended for the dissolution test to
be conducted at several different concentrations to

and FeS

Properties

Dissolver EDTA-Ks+ DTPA-Ks+ EDTA-Nas+
HCI + HAC K2COs3 formic acid

Target Solid CaCOs BaSO4 FeS

Scale

Dissolution 68%, 40% 25%

Capability (%)

Concentration 19 940 ppm 8200 ppm 3528 ppm

of Metal ions Ca Ba Fe

Dissolved

pH 4.87 13-14 4.4

Boiling point  101.1 104 101.2

(°C)

Density (g/ml) 1.121 1.249 1.210

Corrosivity 18.0341 0.09927 90.78354

(mpy)
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