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Abstract

Objectives:Silicon dioxide (Si0,) is one of the common oilfield scales which is hardest scale to dissolve and there is no
specific commercial chemical scale removal to dissolve SiO, The purpose of this study to screens lonic Liquids (ILs) that
will be used in dissolution of SiO,due toscale problem in oilfield. Methods/StatisticalAnalysis:COSMO-RS since then has
become a widely used and fast method for the prediction and screening of ionic liquid properties, is used for sigma profile,
sigma potential and solvent capacity for metal dissolution. The best cation and anion have been chosen based on sigma
profile, sigma potential and the high solvent capacity from COSMO-RS findings. Findings: Ammoniumcation and sulfate
anion is the best combination with highest amount of SiO, capacity is 7.832x10'°. Ammonium sulfate is the possible ionic

liquid to dissolve SiO, scale in oilfield.
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1. Introduction

Mineral scale formation in oilfield production systems
especially in wellbore has been a problem in the industry
for many years. Usually, most of scale found in wellbore
is formed by direct precipitation that occurs naturally
in reservoir rocks!. The typical scale had been found
in oilfield such as Calcium Carbonate (CaCO,), Iron
Carbonate (FeCO,), calcium sulfate (CaSO,), barium sul-
fate (BaSO,), strontium sulfate (SrSO,), Silicon Dioxide
(5i0,) and Iron Hydroxides*¢. Unlike common oilfield
scales, SiO, is the hardest scale to dissolve and there is
no specific commercial chemical scale removal to dissolve
SiO, and it very insoluble in water. This scale problem
will affect the diameter of wellbore which ultimately lead-
ing in decreasing the production of crude oil mainly.
Chemical scale removal isone of the economical tech-
nique especially when scale is hard to accessible”Z.Recently,
Ionic Liquids (ILs) are widely used in metal extraction®1,
metal dissolution!, desulfurization, and scale removal'?
due to their unique chemical and physical properties,
such as non-volatile, low melting point, high dissolving
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ability, high ionic conductivity, high thermal stability,
adjustable structure, extensive electrochemical window
and others™-¢.

The variety of ILs can be synthesis due to uncountable
number of possible cations and anions combination and
it is called “designer solvent”. In spite of that, it is unfea-
sible to select potential ILs using experimental method
instead'”!%, This may result in high cost and time consum-
ing since the cost of purchasing pure ILs is quite high.
Frequently, there should be a predictive tool or method
to screen a potential ILs by predicting the solubility of
SiO,in ILs phases before synthesized its.

The most effective and accurate method for ILs
screening is by using the Conductor like Screening Model
for Real Solvents (COSMO-RS)2 because there is no
experiment data or functional group parameter needed to
run this simulation. Hence, COSMO-RS able to calculate
charge density, sigma (o) profile and sigma (o) potential
by only providing the molecular structure of the studied
compound. Thus, it is totally practicable for ILs and other
mixtures, even the complex and uncommon combina-
tions*22,
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In this study, up to 45 combination anions and cations
has been screened using COSMO-RS approach to iden-
tify potential and effective ILs to dissolve SiO, based on
capacity. The o-profile and o-potential of cations, anions
and together with SiO, has been analyzed for solubility
predictions.

2. COSMO-RS Theory

The COSMO-RS model is a novel method and com-
posed progressive kind of a dielectric modelwhere the
compound of interest are placed in a conductor as the
reference state??. The ability seen in this model is no need
the primary experimental data and the detail descriptions
of COSMO-RS features given elsewhere*?*and COSMO-
SAC (segment activity coefficient.The calculation of
interaction energy between speciesusing polarization
charge densities is the fundamental concept of COSMO-
RSmodel, COSMO-RS model have specialty to predict
thermodynamic properties based on quantum chemical-
COSMO calculation. This calculation start from surface
polarization density ¢ from Density Functional Theory
(DFT). Then, targeted compound of cation and anion
were optimized using TURBOMOLE program.

The compound of cations and anions surface contain
ideal screening charge after optimization and the cosmo.
file was imported into the COSMOthermX software pack-
age (version C30 1301) using parameter file BP TZVP
C30 1301.ctd.*to obtain the o-profile and o -potential of
the cations and anions.

3. Results and Discussion

In this study, the molecular interaction will be focus on
sigma profile and sigma potential analysis. Before analy-
sis of the molecular interactions among the cation, anion
and solute (SiO,), the polarity properties are first exam-
ined for efficient screening dissolution.

3.1 Si0O, Polarity Properties

Figure 1 shows the o-surface and the o-profile of SiO,.
The o-surface of SiO, is dominated by the red regions of
two oxygen lone pair’s, strongly positive ¢ on the hydro-
gen bond acceptors and the blue region of the silicon
atom, which are hydrogen bond donors. These hydro-
gen bonding areas cause two high peaks in the o -profile
of SiO,, which are centered at -1.5 ¢/A2 and +1.3 e/A2
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respectively, and dominate the o -profile. The amount of
non-polar, green surface area is relatively small.
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Figure 1. o -Surface and o -profiles of SiO,.

3.1.1 o-profile Analysis

In the o-profile, molecules considered as a polar molecule
when the screening charge density exceed +0.0084eA~2.
Molecules complexity and quality of initial geometry will
determine the total calculation time for a single sigma
profile. A higher absolute value of ¢ leads to a stronger
compound as a hydrogen bond donors or a hydrogen
bond acceptor. The o-profiles for cation and anion with
§iO, were plotted shown in Figure 2 , Figure 3 respec-
tively.
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Figure 2. o -profiles of SO, and anions.

As shown in Figure 2, most of anions o-profile clearly
shows that its charge density results from peaks within
non-polar (-0.0084< ¢ <0.0084) eA-2and hydrogen bond
acceptor region (0>0.0084) eA-2 This means that some
anion in polar region show the ability to form hydro-
gen bonding among themselves or with other molecules
through its oxygen or hydrogen atoms, thus, this kind of
anion can act as hydrogen bond acceptor species. Some of
the anion has high peak in non-polar region which show
its high affinity for non-polar molecules.
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Figure 3. o -profiles of SiO, and cations.

Figure 3 shows clearly shows the peak of cations at
the non-polar region and hydrogen bond donors region.
This means that most of the cations are weak for hydrogen
bond interactions, and can also be classified as a nonpo-
lar compound. This means, most of the cations above has
high affinity to non-polar molecules compared to polar
molecules.

3.1.2 o-potential Analysis

In COSMO-RS analysis, the o-potential indicates the
affinity of a component in a mixture towards another.
In the o-potential plot, a higher negative value of u (o)
indicates an increasing interaction between molecules,
whereas a higher positive value signifies an increase in
repulsive behavior. For the horizontal axis, increasing
negative and positive values for the hydrogen bonding
threshold (+£0.0084 eA-?) indicate the region of a mole-
cule where interactions between hydrogen bond donors
and hydrogen bond acceptors occur, respectively. The
o-potential for cations and anions with SiO,were plotted
shown in Figure 4, Figure 5respectively.
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Figure 4. 0 -potential of SiO,and anions.
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Figure 4 shows those o-potential curves for SiO2 and
anions. Most of the anion has curve with high negative
value at the hydrogen bond donor’s region and has nega-
tive value for non-polar region. The result shows that the
most of anion show its strong affinity for both hydrogen
bond donors and non-polar molecules. High positive
value in hydrogen bond acceptor region shows the anion
having no affinity for hydrogen bond accepting molecules
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Figure 5. 0 -potential of SiO,and cations.

Figure 5 shows o-potential curves for SiO, and cations.
From the graph, the cation found to has strong potential
due to negative value in non-polar region and hydrogen
bond acceptor region. The cations show high affinity to
non-polar and hydrogen bond acceptors molecules.

From sigma profile, sigma potential of the SiO,, cat-
ionsand anions, its show the characteristic of ionic liquid
needed to obtain strong interaction between SiO, mol-
ecules. It’s necessary to select ionic liquid that can act as
either hydrogen bond donor or acceptor but lower hydro-
phobic character. In terms of o-profile and o-potential the
ionic liquids should have strong peak in Polar Regions
(0< -0.0084 or >0.0084) eA~>but low peak in non-polar
region (-0.0084 <o< 0.0084) eA~ of the o -profile. This
is an important input in selecting ionic liquids that have
high affinity for SiO,.

3.2 Capacity Prediction based on COSMO-
RS

In this study, the capacity of ionic liquid for SiO, indicates
the maximum amount of SiO, that can be dissolved in
the ionic liquid. Result for the capacity of the SiO, shown
in Table 1. Five combination cation and anion with the
highest capacity were ranked in order of [NH4:SO,]>
[NH,:PF6]> [NH,:BF4]> [Aniline: PF6]>[ Imidazolium:
PF6].
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Tal;le 1 Capacity of the SiO2 in combination of cation 41 | Imidazolium PF, $i0, 130.713
and anion
42 | Aniline PF SiO 257.295
6 2
No Cation Anion Solute CapaCIty 43 Ammonium BF4 SIO2 1509.819
1 Ammonium Formate SIO2 0.0019 44 Ammonium PF6 SIOZ 5411.564
2 | Ammonium Acetate | SiO, | 0.0101 45 | Ammonium Sulfate | SiO, | 7.832E10
3 Ammonium Oleate SiO, 0.1051
4 | Ammonium Salicylate | SiO, 0.1337 The result in Table 1 shows that the ammonium cation
5 | Aniline Oleate SiO, 0.1499 with sulfate anion has higher capacity of SiO, and ammo-
6 Ammonium Benzoate | SiO, 0.2349 nium cation with formate anion has lowest capacity of
7 | Aniline Acetate S0, 0.2813 SiO, This finding fulfill the prior work where the ammo-
. . N 7 .
3 Imidazolium Oleate Si0, 0.3394 nium sulfate can dissolve S$i0,%.To understand this result,
o | Aniline Formate S0, 0.3562 the. combination 9f sigma profile was analyzed in Figure 6
— - , Figure 7 respectively.
10 | Aniline Benzoate | SiO, 0.4055
11 | Aniline Salicylate | SiO, 0.4094 _
12 | Pyrrolidinium | Oleate Si0, | 05367 2 ° ) s s
13 | Aniline NO2 $i0, | 05471 ; ﬂ b
14 | Aniline Sulfate SiO, 0.5594 18
15 | Pyridinium Oleate SiO, 0.7415 o2
16 | Imidazolium Acetate SiO, 0.9233 "
8
17 | Imidazolium NO, SiO, 0.9504 6
18 | Imidazolium Salicylate | SiO, 0.9785 . \ /\ Al
19 | Imidazolium Formate SiO, 1.1261 e
20 | Imidazolium Benzoate | SiO, 1.1278 e . o
21 | Pyrrolidinium Salicylate | SiO, 1.3921 Figure 6. ¢ —profile for best cation and anion with SiO,.
22 | Pyrrolidinium Benzoate | SiO, 1.6335
23 Pyrrolidinium Acetate SIO2 2.0089 Polar Region Non Polar Region Polar Region
24 | Pyridinium Salicylate | SiO, 2.2909 i Tomaa sl a8
25 | Imidazolium Sulfate SiO, 2.4658 i }1 o
26 | Pyridinium Benzoate | SiO, 2.6918 n
27 | Pyrrolidinium Formate SiO, 2.7413 g
28 | Pyridinium Acetate SiO, 3.2663 :
29 | Pyrrolidinium NO, SiO, 3.6342 s )
30 | Pyridinium NO, Si0, | 4.5308 T A
31 | Pyridinium Formate | SiO, 4.7148 35 25 70 45 A6 95 66 05 16 15 20 25 10
ek ao?
32 | Pyrrolidinium Sulfate SiO, 8.0795 ) ) ' o
33 | Ammonium NO, i, 10.6022 F1g1;re 7}.10 —proﬁlFe for lo;ve}slt c}altlon lz:ndfamon w1thd8102.
s shown in Figure 6, hi eak of cation and anion
34 | Imidazolium BF, SiO, 11.5217 & . g1 P . .
— - located at the polar region. It means the ammonium cation
35 | Pyridinium Sulfate SiO, 13.0690 . e .
and sulfate anion have ability to form hydrogen bonding
36 | Pyridinium BF Sio 15.0093 . .
— 4 — with other molecules through its oxygen or hydrogen
37 | Aniline BE, S0, 15.3421 atoms with oxygen atom in SiO,molecules. These results
8 | Pyrrolidinium BF Sio 15.7528 o : BT :
3 b 4 2 indicate that the SiO, will dissolve ammonium sulfate
39 | Pyridinium PE, Si0, 48.9067 ionic liquid. As mention above, polar ionic liquid has
40 | Pyrrolidinium PE, Si0, 80.0381 strong affinity toward polar molecules which is in polar
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regions (0< -0.0084 or >0.0084). The area of sigma pro-
file in polar region is higher than non-polar region. The
polar cation and anion will interact with polar molecules
in SiO, and give high capacity as shown in Table 1.

Figure 7 shows high peak of cation but lower peak for
anion which is located at the polar region. The lower peak
of anion in hydrogen bond acceptor region will decrease
the affinity SiO, polar molecules in hydrogen bonding
donor’s region. Also, this will give lower capacity of SiO,
in this combination cation and anion.

4. Conclusion

COSMO-RS is most effective and fastest method for ILs
screening and identify potential and effective ILs to dis-
solve SiO,. The best characteristic of ionic liquid in terms
of o-profile and o-potential the ionic liquids should have
strong peak in polar region but low peak in non-polar
region. In this study, ammoniumcation and sulfate anion
is the best combination with highest capacity7.832x10"to
dissolve SiO,and combination of ammonium cation
and formate anion is lowest capacity0.0019 to dissolve
SiO, Thus, it can be concluded that from COSMO-RS
screening, ammonium sulfate is suitable to dissolve SiO,
The International Conference on Fluids and Chemical
Engineering (FluidsChE 2017) is the second in series with
complete information on the official website?® and orga-
nized by The Center of Excellence for Advanced Research
in Fluid Flow (CARIFF)%. The publications on chemical
engineering allied fields have been published as a spe-
cial note in volume 3*. Host being University Malaysia
Pahang? is the parent governing body for this conference.
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