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RESUMO/RESUMEN

A industria de petréleo enfrenta desafios com arredio de petr6leo nos reservatorio, apos
anos de exploragdo. Por isso, métodos de recuperfiy@am desenvolvidos para produzir o
oleo residual, como os métodos quimicos (CEOR)eRemente, os liquidos ibnicos vém
ganhando visibilidade e espera-se que, na CEORgoido 16nico (LI) diminua a Tens&o
Interfacial (TIF) entre o dleo e a 4gua e aumenteiscosidade do fluido injetado. O
objetivo do trabalho é estudar o liquido ibnico [BH][Hx] com o intuito de avaliar a
influéncia da sua concentracao e da salinidadeersdo interfacial entre o petrdleo e uma
solucdo de liquido iénico, através do planejamesgtatistico de experimentos. A partir do
planejamento, verificou-se que o LI [2HEA][HX] foapaz de diminuir a tenséo interfacial
entre o Oleo e a agua e que tanto a concentracabigqdédo idnico quanto a de sal foram
significativas para a reducdo da tensao interfacial
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1. INTRODUCTION

The oil industry faces some challenges such asothe
efficiency at the production stage. This fact makest after
years of exploration, a great part of the oil remaietained in
the reservoir. Therefore, several recovery methedse
developed in order to produce the residual oil. r@ical
methods (CEOR) are the most used for enhancecivery
(Sakthivel et al., 2015).

New materials with more cost benefit and IesE

aggressive to the environment are being studiedgplication
in the CEOR. Recently, lonic Liquids (IL's) havednmegaining
much attention as an alternative to surfactantsra(Band
Belhaj, 2016). At CEOR, the ionic liquid could dease the
Interfacial Tension (IFT) between oil and rock thanging the
rock's wettability and increasing (in some cashsg)\iscosity
of the injected fluid. IL draws attention to CEOBdause of its
properties as high thermal stability over a widmgerature
range, non-flammability and solubility in many oni@a and

inorganic compounds. IL’s modified by the additiofi an

alkyl chain are considered for application in CERB#tause of
their ability to decrease interfacial tension ahd ability to

form micelles. Laboratory tests have shown thatcidiquids

decrease interfacial tension even at high tempesind high
salinity (Hezave et al., 2013).

Bin-Dahbag et al. (2015) studied some properties
ionic liquids. The authors stated that ionic liuishould be
water soluble and the phase diagram should be ineitfeeen
IL, water and oil along with interfacial tensionste. It is
important to measure the IFT in different salt anteations to
identify the optimum salinity of the system. Thadst showed
that as you increase the size of the alkyl chainaofIL
increases the ability to reduce the IFT due to héghface
activity.

Cao et al. (2015) and Mohammed and Babadagli (20
studied the alteration of rock wettability by thdd#ion of
imidazole based ionic liquids. The results showet the IL's
changed the wettability of the rock from oil-wetalo water-
wettable. Cao et al. (2015) suggest that the chafitke for this
purpose is based on reservoir rock charge. As dneooates
are positively charged, it is indicated to use tooic IL to
decrease its adsorption on the rock. For sandstahes

out following the methodology described by Ferreitaal.,

2017, where it was based on the neutralization tieac
between hexanoic acid and the 2-hydroxyethylaname tthat
gave the ionic liquid 2-hydroxyethyl ammonium hesate.

2.2 Characterization of lonic Liquid

PIL was characterized by the methodology describyed
Ferreira et al.,, 2017, where the viscosity, specifiass,
moisture content and Critical Micellar Concentrati(tCMC)
were analyzed.

.3 Statistical Designing of Experiments

Aiming to analyze which variables exert a greater
influence in the reduction of interfacial tensioe, statistic
designing of experiments was carried out. In thigdyg, the
studied variables (independent variables) were euination of
salt (NaCl) and concentration of ionic liquid insalution
containing deionized water. The response variatdpéndent
variable) was the interfacial tension between waded
soybean oil. The operational conditions of the poént used
to evaluate the interfacial tension did not allove tuse of
crude oil in order to give reliable results. Theref soybean
oil, a readily accessible substance, easy to hamlewith low
cost was used in these tests.

The method used was RCCD (Rotational Central
Composite Design), following the matrix shown irbleal.

?table 1 — RCCD matrix with indeiendent variable leels.

1 -1 -1
2 1 =l
3 -1 1
4 1 1
5 -1.41 0
6 1.41 0
7 0 -1.41
8 0 1.41
9 0 0
10 0 0
11 0 0

advisable to use anionic IL's since there are djraeegative
ions on the surface of the rock. Sakthivel et 2016) verified
that the ionic liquids decrease the interfaciakien between
the crude oil and the solution of ionic liquid. pliacement

As can be seen in Table 1, 11 trials were perfdime
four factorial points, four axial points and threentral points.
Table 2 presents the maximum, minimum, and centéntp

tests were performed using a mixture of IL, polysieryajyes used for each designing variable.

surfactant and salt noting its effectiveness tovec oil. Based
on the information obtained in the literature, trétudy
proposes the synthesis of the ionic liquid [2ZHEKAK] in order
to evaluate the influence of its concentration sai¢hity on the
interfacial tension between oil and a solution aifi¢ liquid,

through statistical designing of experiments.

Table 2 — Values of the independent variables of @hning.

-1.41 -1

100 14,624 50,050 85,476 100,000
0 1.465 5 8.35 10

Variation
IL (PPM)
NaCl (%)

2. METHODOLOGY

2.1 Synthesis of lonic Liquid
The synthesis of Protic lonic Liquid (PIL) was d¢adr

3. RESULTS AND DISCUSSIONS

3.1 IL Characterization Results
The moisture content for the ionic liquid [2HEA] XH
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was 0.25% by mass. The specific mass at 60°C w99 Table 5 — ANOVA for liquid [2HEA] [HX].
kg.nT3. The viscosity at 60°C was 128.78 mPa/s. The [2HE
[Hx] showed the CMC at 30,000 ppm when the surfacsion
was equal to 36.4 mN/m.

Sum of Avarage p-

Fcalc

squares | squares value

3.2 Statistical Designing Results

(1)Ll (PPM) (L)  37.01 1 37.01 41.30 0.00
Table 3 presents the results of performed tests.
o _ o (2) NaCl (%) (L) 4.87 1 4.87 5.44 0.05
E:)gle 3 — Designing matrix for the ionic liquid [2HEA] 1L by 2L 361 1 361 403 008
' Residue 6.27 7 0.90
IL Salt . :
Total SS 51.76 10
Tests (PPM) (%) Interfacial Tension (mN/m) ota
1 14,624 1.46 11.5 % change explained (R?) = 0.87883»E Fo,10.3.7= 3.07
2 85476 1.46 101 Table 6 was constructed to compare the experimental
3 14,624 8.54 12.4 values and the values calculated by the model.
4 85,476 8.54 7.2 Tabl £ , | and calculated val ¢ ietfacial
5 100 500 15.6 able 6 — Experimental and calculated values of ietfacia
tension for [2HEA] [Hx].
6 100,000 5.00 8.1 Calculated
7 50,050 0.00 11.9 Experimental alculate Absolut Relative
’ Tension / mN/m Tension/ Error/ % Error/ %
8 50,050 10.00 8.9 mN/m 0 0
9 50,050 >.00 1038 11.50 12.65 1.15 10.03
10 50,050 5.00 10.6
11 50.050 5.00 10.3 10.10 10.25 0.15 1.51
12.40 12.99 0.59 4.78
Thus, R? was obtained in the value of 0.92034, wh 7.20 6.79 -0.41 -5.67
shows that the model has statistical significanoe this
interval. In addition, it was concluded that theyrsficant 15.60 13.71 -1.89 -12.09
variables were IL concentration, NaCl concentrationd the 8.10 7.63 -0.47 -5.79
linear interaction between them. However, the gaaeffect
of IL and NaCl concentration was not significant. new 11.90 11.78 -0.12 -1.04
regression was performed only with the significaatiables 8.90 9.57 0.67 7.52
and the results are presented in Table 4.
. ) 10.80 10.67 -0.13 -1.18
Table 5 shows the Analysis of Variance (ANOVA) us
to evaluate the statistical significance of the elod 10.60 10.67 0.07 0.69
With the new regression, the new R2 value is lotlian 10.30 10.67 0.37 3.62

the first, but this decrease is expected due tceKuodusion of
some variables. ) o
By analyzing the results and calculated errorsis it
Table 4 — Estimated effect of variables and their POssible to admit that the model describes satisfpcesults.
interactions for [2HEA] [Hx] ignoring non-significant Thus, after validating the model, the responseaserand the
variables. level curve were plotted to better visualize thitugnce of the
90% 90% ariables on the interfacial tension (Figure 1).
- (] (0]

" (Confide (Confide Coeffi- By analyziqg Figu.re 1, it. is ppssible to verify the
Factor  Effect p  ( ?126| e ( (r)]r;; PRI | rcase of the interfacial tension with the inseeaf the

. . concentration of IL and the concentration of shite decrease
Limit) Limit) o . . X
in interfacial tension occurs most markedly at ghbkr salt

| tMa"t‘. 10.67 0.00000 10.13 1121  10.67 concentration. This is because the [2HEA] [Hx] hasydroxyl

n ?{‘;‘i:on in its structure, consequently it has a higheméffifor water.
(PPM) (L) ALl DRI ey e el By adding salt, the dielectric constant of the wate
(2) NaCl i ) ) increases, reducing the affinity of the IL with tater, which
(%) (L) LoBE UOEZTE 2 e dette causes that the ions of the ionic liquid tend tognatie
1Lby2L -1.90 0.08000 -3.69 -0.11 .0.95 preferentially to the interface of the liquid, deasing the

interfacial tension.

From Table 5, and taking the Fisher's test, thenmea
value ofF¢al was equal to 16.93 whiletap was equal to 3.07.

As Fcal > Frab, it can be said that the model is statistically
significant.
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Figure 1 - Response surface (a) and level curve (b)
for [2HEA] [HX]

Following the mechanism described by Hezave et al.

(2013) and Sakthivel et al. (2016) in salt-freeutiohs, there
may be a repulsion between ions of the same chavthen
this occurs, the IL is not able to distribute itsefficiently at
the interface of the system, increasing the intéafatension.
However, as salt is added to the solution, thefextél tension
decreases, because the salt ions help to stabilizse
repulsions that occur at the interface betweersdtation and
the oil.

4. CONCLUSION

From the results obtained, it is possible to codelthat
the model generated from the statistical desigaxpieriments
for the ionic liquid [2HEA] [Hx] was statisticallgignificant.
For this model, both the ionic liquid and salt cemtations
were significant to decreases interfacial tensietwben water

and oil. In addition,the ionic liquid was more efficient to

reduce the interfacial tension in high concentratiof salt.
Thus, the solution containing (PIL) may be used figture
enhanced oil recovery tests.
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