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Abstract. The amount of precipitated asphaltene can be considerably reduced with pretreatment of asphal-
tene inhibitor, in the crude oil. Efficiency of asphaltene inhibitors mainly depends on some parameters such
as pH of the oil and the chemical structure of asphaltene inhibitors. In this paper, the amounts of asphaltene
precipitation have been experimentally measured using two n-paraffin precipitants; n-heptane and n-hexane.
The performance of the studies on the asphaltene accumulation was studied using Fourier-Transform Infrared
(FTIR) Spectroscopy analysis. The onset point has been determined by three different commercial asphaltene
inhibitors. The results show that when an asphaltene inhibitor is not injected into the mixture of synthetic oil/
n-heptane, AOP (Asphaltene Onset Point) occurs at 35 vol.% of n-heptane, while with addition of 3000 ppm of
asphaltene B inhibitor, AOP occurs at 60 vol.% of n-heptane.

1 Introduction

Asphaltene in heavy crude oil can cause enormous losses in
flow rate due to deposition in pipelines and operational
equipment as well as obstruction of wells (Berenblyum
et al., 2011; Nasralla et al., 2018; Ramirez et al., 2017).
Precipitation and deposition of asphaltene have become a
crucial problem to almost all petroleum production,
processing and transportation facilities (Afra et al., 2018;
Ahmadi and Aminshahidy, 2018; Saeedi Dehaghani and
Badizad, 2017; Tirjoo et al., 2019a, b). Precipitation and
deposition of asphaltene would partially or completely
block the pores and change the permeability of the flow
paths in reservoirs. Reducing permeability leads to addi-
tional pressure drop and consequently an increase in the
amount of asphaltene precipitation, and as a result, the
pores of the reservoir rock are further blocked. It can also
cause to completely obstruct the flow of oil from the outlet
of the well (Gharbi et al., 2017; Gonzalez et al., 2017,
Loureiro et al., 2015). At initial condition, the operational
pressure and temperature are very high, as a result asphal-
tene is soluble in the mixture of heavy crude oil bitumen
and tar, but upon operational conditions changes, asphal-
tene deposition starts and causes flow problem (Gonzalez
et al., 2017). In some cases, gas injections, including injec-
tion of CO4, can disturb the chemical and thermodynamic

* Corresponding author: b.bayati@ilam.ac.ir

balance of crude oil and cause precipitation of asphaltene.
Of course, some key factors such as solvent type sample/
precipitant ratio and contact time cannot be ignored in
the analysis of the process (David Ting et al, 2013;
Ebrahimi et al., 2016; Hammami et al., 2000; Hu and
Guo, 2001; Shojaati et al., 2017). Keeping the operational
conditions at the level similar to the initial condition is
practically impossible and is very difficult and costly work,
thus effectual ways should be chosen to solve the problem.
Widespread research have been performed in this field, a
likely way of avoiding asphaltene precipitation that has
been studied and suggested is adding and using asphaltene
inhibitor, i.e., stabilizer (Ebrahimi et al., 2016; Gharbi
et al., 2017). Pretreatment of chemical inhibitors can
prevent precipitation, and enhance product of light oil from
raw material. Asphaltene precipitation in heavy crude oil
and extra-heavy crude oils is a common phenomenon.
Heavy and extra-heavy crude oils have high viscosity, as
well as a low API gravity (Choi et al., 2016; Doryani
et al., 2018; Ghloum et al., 2010; Ovalles et al., 2016). From
the molecular point of view, the asphaltenes are polar
aromatic compound that exist in crude oil, which also
contains resin, aromatic hydrocarbons and saturated
hydrocarbons (SARA) (Bahman et al., 2018; Dehaghani
et al., 2018; Doryani et al., 2016; Karambeigi et al., 2016).
Asphaltene molecules are soluble in alkene but insoluble
in normal alkanes (Melendez-Alvarez et al., 2016; Rogel
and Moir, 2017; Sayyad Amin et al., 2017, Wang and
Buckley, 2001). From the macroscopic view point, the
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asphaltene is composed of polyaromatic core, which are
captured by aliphatic chain (Chavez-Miyauchi et al.,
2013; Javanbakht et al., 2018; Mena-Cervantes et al.,
2013; Mousavi-Dehghani et al., 2004; Ramirez et al., 2017;
Wiehe et al., 2005). Asphaltene has high level of sulfur,
nitrogen, and heavy metals (such as Ni, V, Fe) and the
average ratio of hydrogen to carbon atom (H:C) in asphal-
tene is 1:1.2 (Al-Sahhaf et al, 2002; Escobedo and
Mansoori, 1995; Gonzalez et al., 2017; Javanbakht et al.,
2018; Lu et al, 2008). Due to aggregation of maltene
molecules in solution, it is not possible to characterize the
mean molecular weight of asphaltene in crude oil.

When asphaltene molecules are separated from the oil
phase form a unique phase. Asphaltene which their sizes
are bigger than 500 nm become to precipitate (Hammami
et al., 2000; Ramirez et al., 2017).

It should be borne in mind that asphaltene is stable due
to the presence of resin in crude oil with polar groups and
less molecular weight (Al-Sahhaf et al., 2002; Escobedo
and Mansoori, 1995; Lu et al., 2008; Honse et al., 2012).
Thus, to reduce the amount of asphaltene deposition, it is
necessary to use a surfactant that had similar compounds
with resin and diverse in the polar heads and a polar tails.
Most of the costs are related to the production of raw
materials for inhibitors. Therefore, asphaltene inhibitor
should be selected with the optimum concentration
(Imanbayev et al., 2017; Mao et al., 2017; Permanyer
et al., 2002; Shojaati et al., 2017; Simakov et al., 2015;
Smith et al., 2008). Recently researchers have shown that
asphaltene acts as a weakly hydrous binder and also as a
strong receiver of hydrous bands, which shows that asphal-
tene is a Lewis base. Therefore, surfactants with a Lewis
acidic structure can be used as an inhibitor of asphaltene
precipitation (Bahman et al., 2018). Except asphaltene,
other components that exist in crude oil are called maltene,
which are extracted by chromatography column (Wang
and Buckley, 2001). Efficiency of asphaltene inhibitors
depends on the chemical structure of inhibitors and the
amount of resin, aromatic and other component that exist
in asphaltene inhibitors and the amount of acidity of
asphaltene inhibitor. The structure of asphaltene in crude
oil is also very important to be chosen the asphaltene inhi-
bitor with the highest efficiency. In more cases, asphaltene
inhibitors that contain higher amount of resin rather than
other component, have a more effect on prevention of
asphaltene precipitation. It should be borne in mind that
the addition of inhibitors does not always have a positive
effect, and even in some cases it has a neutral and possibly
negative effect. Always adding high amount of inhibitor
does not have high efficiency in preventing asphaltene
precipitation, therefore it is necessary to determine the opti-
mum amount of asphaltene inhibitor. Melendez-Alvarez
et al. have shown that other factors such as the type and
amount of solvent, the temperature and the operating
pressure are the effective parameters on inhibitory perfor-
mance for reducing the amount of precipitated asphaltene
(Melendez- Alvarez et al., 2016).

Ghloum et al. (2010) studied the effect of different inhi-
bitors on asphaltene precipitation for Marrat Kuwaiti
reservoirs. In that research, three commercial and four

non-commercial asphaltene inhibitors have been used to
determine the Asphaltene Onset Point (AOP), which is
the point where asphaltene in crude oil begins to precipi-
tate, using a Solid Detection System (SDS). In this research
the effects of the H:C ratio on AOP was also studied. For a
ratio of H:C more than 0.8, AOP increases dramatically,
suggesting that there is a higher content of hydrogen and
a lower amount of carbon in the crude oil, causes AOP to
occur at higher volume of n-paraffin. The effect of different
asphaltene inhibitors on the amount of asphaltene precipi-
tated has also been studied using the screening test. The
results show that in most cases, the amount of asphaltene
precipitation has further decreased when inhibitor is used
with the highest resin content. It should be borne in mind
that, regards to the crude oil structure, asphaltene inhibitor
with a higher amount of aromatic (greater polarity), works
more efficiently.

In the recent years, a viscometry method has been
introduced to investigate the AOP, as well as various
inhibitory effects on AOP. In this regard, Saeedi Dehaghani
and Badizad (2017) examined this method on crude oil
extracted from Iranian oil fields. In this method, they
first synthesized synthetic oil and then added different
volumes of m-paraffin. The point where the viscosity of
the mixture of synthetic oil/n-paraffin system has dramat-
ically changed is determined as the AOP. In their research,
four different inhibitors have been used to postpone AOP.
Their results showed that the CDEA acts more effectively
than the other inhibitors to increase the AOP due to the
presence of more polar groups (Saeedi Dehaghani and
Badizad, 2017).

To investigate the effect of partial asphaltene phospho-
rexylated on the decrease of asphaltene precipitation rate,
Ovalles et al. conducted research using ASTM D-6560
method (IP-143-test). The results obtained from their study
indicate that asphaltene precipitation rate has significantly
decreased because of the formation of Aryl-O-P and P=0
bands which is due to the addition of partial asphaltene
phosphorexylated. Of course, it should be taken into
account that, at temperature of 195 °C and the asphaltene
phosphorexylated concentration of 100 ppm, the percentage
of reduction of asphaltene is as high as possible (percentage
of reduction of asphaltene = 42%).

In general cases, different methods such as SDS,
Ultraviolet spectrometry (UV test), filtration, viscometry
and IP-143 test, are used to study the effect of various
inhibitors on the amount of asphaltene precipitated
(Doryani et al., 2016; Gonzalez et al., 2017).

In this work, IP-143 test and the spectrometry method
have been used to investigate the effect of different
inhibitors on precipitated asphaltene content and using
Fourier-Transform Infrared (FT-IR) Spectroscopy test
and then the obtained results were analyzed. Also, due to
the fact that two methods used in this study were carried
out at different temperature conditions, the effect of
temperature on different inhibitory activity can also be
evaluated. The spectrometry method is considered as a
faster and better method than other methods of studying
the effect of asphaltene inhibitors. The spectrometry
method was used to determine the AOP.
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2 Experimental
2.1 Materials and methods

2.1.1 Materials

In this research, we used a crude oil from an Iranian oil field
in west of Iran, n-heptane and n-hexane (Merc©, purity of
99%) and toluene (Mere, purity of 99%). Three inhibitors
A, B, and C also have been used to reduce the amount of
asphaltene precipitation.

2.1.2 Methods

2.1.2.1 Extraction of asphaltene

The TP-143 method (Sayyad Amin et al., 2017) was applied
for the determination of crude oil asphaltene content. Two
n-paraffins and toluene were used for precipitation and
purification of asphaltene, respectively. First, 2.5 g of
crude oil weighted and mixed with 100 g of n-heptane

(ratio : 2 = ";ﬂg:ifl‘l’“) The first reflux was performed for
asphaltene precipitation in crude oil by the n-paraffins sol-
vent in the Soxhlet extractor. The primary reflux was done
for 1.5 h, then m-paraffins/crude oil solution was aged
overnight in dark place. In the second stage, the obtained
mixture was filtered using filter paper. The asphaltene
and small amount of other components were deposited on
the filter paper. The second reflux has been done for sepa-
rating other components that were bonded in the filter
paper by adding n-paraffins. In the last reflux, the sliced
asphaltene into the filter paper was separated by adding
toluene. Finally, the asphaltene-toluene solution put under
a slow stream of air to evaporate the toluene.

In this section, two kinds of normal paraffin, n-Hexane
and n-Heptane have been used to study the effect of paraf-
fin chain length on asphaltene precipitation.

2.1.2.2 Synthetic oil synthesis

Synthetic oil was prepared in order to determine AOP and
investigate the effect of different asphaltene inhibitors. For
this purpose, a certain amount of asphaltene was added to
the toluene solvent. To obtain a uniform solution, the
resulting mixture was stirred for 5 h.

2.1.2.3 Determination of AOP

To determine AOP, different volumetric percentages of
n-paraffins were added to synthetic oil. In order to com-
pletely disrupt, the synthetic oil/n-paraffin mixture was
centrifuged at 3000 rpm for 15 min.

To determine the absorbance of each sample, 1 cc of the
upper part of the mixture was removed and mixed with
10 cc of toluene. The absorbance values were plotted as a
function of nC7 volume fraction. The rapid deviation from
linear trend in the data points corresponds to the nC7
volume fraction at the onset point.

2.1.2.4 Asphaltene inhibitor test

Two methods have been used to study the effect of adding
different inhibitors on the asphaltene precipitation. In the
first method, spectrometry was used to evaluate the effect

of asphaltene inhibitor on the amount of asphaltene precip-
itation at different percentages of n-paraffin. The samples
with a different ratio of the n-paraffin/synthetic oil were
mixed at ambient temperature for 1.5 h, then the solution
was centrifuged at 3000 rpm for 15 min. To investigate
the effect of inhibitors, a fixed amount of inhibitor was
mixed with the synthetic oil/n-paraffin solution, and was
stirred at ambient temperature. The absorbance value for
each of sample is determined at specified wavenumber using
a UV spectrometer.

In the second method, the effect of adding various
amounts of different inhibitors on the amount of asphaltene
precipitated was investigated using the IP-143 standard
test. The weighed crude oil samples were mixed with
identified amounts of inhibitor, and then placed under the
shaking for several minutes to complete mixing.

Then, as mentioned above, the amount of asphaltene
present in crude oil was achieved by adding different
volume percentage of normal paraffin as a precipitating
agent and toluene as an asphaltene solvent and was
refluxed several time.

3 Characterization

The elemental analysis of the extracted asphaltene of crude
oil sample was carried out using a COSTECH-4010 model
analyzer (CHNSO analyzer). FTIR (Bruker-VERTEX 70
model analyzer) was used to structural characterization of
asphaltenes. UV-Vis spectrophotometry (Cary 100 model)
was used to find the concentration of an asphaltene in
different samples solution. Quantitative proton H and
carbon C NMR spectroscopy analyses were performed using
a Nuclear Magnetic Resonance (NMR) BRUKER, spec-
trometer operating at 500 MHz. Chloroform was used to
dissolve the extracted asphaltene sample.

4 Results and discussion
4.1 Properties of asphaltene

To determine weight percent of component that exist in
asphaltene, elemental analysis were used, which obtained
results from this analysis were presented in Table 1. As it
can be seen, the asphaltene content in the crude oil sample
has higher carbon atoms than the other ones.

The H:C ratio of asphaltene in the crude oil sample is
0.983. Since molecular weight of H and C are 1 and 12,
respectively, and according to the weight percentages
obtained from the CHNSO test, the molar ratio of H:C is
equal to 0.98294. Ghloum et al. (2010) showed that asphal-
tene in crude oil is more unstable if the H:C ratio is less than
0.8, therefore, AOP occurs in smaller amount of n-paraffin.
In the other hand, if the H:C ratio is more than 0.8, more
volume of n-paraffin is needed to observe AOP. Thus, due
to the H:C ratio of the crude oil asphaltene, it is anticipated
that AOP will be appeared at a high volume of n-paraffin.

The complex and rich nature of this asphaltene was
studied by NMR spectra. To receive a useful information,
it requires systematic approach, so as to identify /quantity
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Table 1. Elemental analysis for pure asphaltene extracted from the Iranian oil field.

Component N S

H C Total*

Weight percent 1 3.14

6.1 74.47 84.71

“Weight percent of oxygen = 100 — weight percent of (N+S+H+S) =100 — 84.71 = 15.29%.
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Fig. 1. NMR spectrum of the extracted asphaltene from the crude oil.

the molecular nature from these spectra. For H NMR
spectra contributed by protons, the aromatic peaks are well
resolved (6.5-9.5 ppm) from the aliphatic ones

(0.5-4.5 ppm) and the spectra are more reliable. The ali-
phatic peaks are further divided into three types of protons
(a, b and c).
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Table 2. Density and pH of three different asphaltene
inhibitors.

Inhibitor A B (@
Density 0.836 0.976 0.82
pH 3.8 2.8 5.3

The peaks at 0.5-1.0, 1.0-1.85 and 1.85—4.5 ppm are
related to a, b and protons, respectively. These borders
are approximate because the effect of hetero atoms and
metals on peak shifting is neglected. Figure 1 shows the
H NMR spectrum. It clearly shows an aromatic region
and a large aliphatic domain. The aromatic:aliphatic hydro-
carbon ratio is 1:7.6 and aromatic:aliphatic carbon ratio is
1:1.7758.

4.2 Properties of asphaltene inhibitors

Three different inhibitors have been used in this study. The
density and pH of inhibitors were presented in Table 2.
As shown in Table 2, B inhibitor has a more density and
acidity than other inhibitors. This inhibitor has higher
acidic potency than the other two inhibitors, so it can be
concluded that inhibitor B consists of greater amounts of
hydrogen groups and other polar groups than both inhibi-
tors A and C. The higher the polarity of the inhibitory
constituents, the greater the effect of combining the inhibi-
tor with the polar portion of the asphaltenes, and the polar—
polar bonding between the inhibitor and the asphaltenes
creates a protective layer around the asphaltenes, causing
non-asphaltene-induced invasion. Protect the presence of
normal paraffin and prevent excessive deposition of asphal-
tene. Inhibitors A and C have lower acidic strength due to
their constitutive structure.

FT-IR spectrum results of the asphaltene inhibitors of
A, B and C, are shown in Figures 2—4, respectively.

The FT-IR spectrum of the asphaltene inhibitor A was
represented in Figure 2. As shown in this figure, there is a
high intensity tensile N-H band in the wave number of
3433 cm ', which act as a factor in creating polarity and
acidity of asphaltene inhibitor A. There is a flexural N-H
band in the wavenumber of 1639 cm ™", which has a similar
function to tensile N-H band. There is also a weak non-
polar band in this asphaltene inhibitor. During the
wavenumber of 2854 and 2925 cm !, C-H bands are
appeared. There are non-polar bands that are related to
the C=C band at wavenumber of 1348 and 1468 cm ™.

As the FT-IR spectrum is related to asphaltene
inhibitor A, the polar bands intensity of the asphaltene
inhibitor A is more severe than non-polar bands, which is
due to the acidic and polarizing factor of this kind of asphal-
tene inhibitor (A type).

As shown in Table 2, the asphaltene inhibitor B has a
density of 0.976 kg/mg, indicating that the asphaltene
inhibitor B has a high concentration. Therefore, in order
to completely mix of this asphaltene inhibitor with the
reference material (the material that should be mixed the
sample to FT-IR test), asphaltene inhibitor B must be
diluted with a small amount of n-heptane. As can be seen
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Fig. 2. The FT-IR spectrum of the asphaltene inhibitor A.
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Fig. 3. The FT-IR spectrum of asphaltene inhibitor B.
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Fig. 4. The FT-IR spectrum of the asphaltene inhibitor C.

from Figure 3, the intensity of non-polar bands in the
asphaltene inhibitor B is high. It can be due to the mixing
of this inhibitor with n-heptane and the presence of non-
polar bands in n-heptane.
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For the asphaltene inhibitor B, the tensile and flexural
bands were appeared at wavenumber of 3434 and
1601 cm ™!, respectively. The acidic and polar nature of
the asphaltene inhibitor B is due to the likely N-H bands.

Figure 4 is the FT-IR spectrum for the asphaltene inhi-
bitor C. In the wavenumber of 2926 and 2853 cm ™, there is
P—CHj; that acts as an acidic agent. Also, the binary C=0
band appears in the wavenumber of 1738 cm ™!, which also
arising from the polarity and acidity of C inhibitor.

4.3 The effect of two n-paraffins on asphaltene
precipitation

In this work, n-Hexane and n-Heptane have been used
to extract asphaltene in the crude oil. In each sample,
crude oil was mixed with n-Hexane or n-Heptane

for initial reflux and precipitation of asphaltene in crude

oil (wHemmeornfopume _40) - Other stages of asphaltene
crude oil 1

extraction were the same as the procedure, which was

described in the previous section.

0.0753 g of pure asphaltene was obtained when
n-Hexane was used as asphaltene precipitant. Considering
the crude oil density (0.837 g/cc), the crude oil contained
3 wt.% asphaltenes. However, there was 0.0141 g asphal-
tene in oil sample. Since heptane has more carbon atoms,
it has a higher non-polar power. Therefore, n-Heptane can
extract more asphaltene by interaction with non-polar
region of asphaltene. Wiehe (2012) also stated that the
solubility parameter of n-Heptane is higher than solubility
parameter of n-Hexane, so that the amount of asphaltene
precipitated by n-Heptane was higher than the amount of
asphaltene precipitated by n-Hexane.

4.4 Investigation the effect of inhibitors
using IP-143 test

The effect of asphaltene inhibitor on the asphaltene precip-
itation was calculated using equation (1):

See Equation (1) bottom of the page

0.042 g of asphaltene was obtained by IP-143 method with-
out using asphaltene inhibitor, which is considered as the
basis for examining the effect of the adding different
amounts of asphaltene inhibitors. However, by adding
500 ppm of asphaltene inhibitor A to crude oil, asphaltene
precipitation was reduced to 0.025 g. Based on equation (1),
the decreasing of asphaltene precipitation was 40.47 wt.%
when 10 000 ppm of asphaltene inhibitor A was added to
the crude oil, the conditions were quite different from the
previous one. In this case, 0.46 g of asphaltene was obtained.
Thus, the asphaltene precipitation has been increased
9 wt.% alternatively, by adding 10 000 ppm of asphaltene
inhibitor A to the crude oil, the obtained results were unex-
pectable, and the amount of asphaltene precipitated was

Table 3. Effect of various quantities of A inhibitor on the
amount of asphaltene extracted from the crude oil.

Amount of asphaltene Amount of Asphaltene

inhibitor A (ppm) asphaltene reduction (%)
precipitated

0 0.042 -

500 0.025 40.47

1000 0.031 26.19

1500 0.038 9.5

2000 0.0407 3.09

3000 0.0418 04

10 000 0.046 -9.5

Table 4. Effect of various quantities of B inhibitor on the
amount of asphaltene extracted from the crude oil.

Amount of B Amount of asphaltene Asphaltene
inhibitor (ppm) precipitated reduction (%)
0 0.042 -

500 0.4224 —0.57
1000 0.044 —4.76
1500 0.0409 2.6
2000 0.038 9.5
3000 0.31 26.19

10 000 0.0286 31.9

increased compared to the case without the asphaltene inhi-
bitor. The results suggest that always adding asphaltene
inhibitor does not necessarily reduce the amount of asphal-
tene precipitation. The effect of A inhibitor on the extracted
asphaltene obtained by IP-143 method were presented in
Table 3.

Mentioned tests have also been carried out on inhibitor
B. The obtained results are shown in Table 4. As can be
seen from this table, the increase in inhibitor B is associated
with a decrease in the amount of asphaltene precipitated.
When 3000 ppm of asphaltene inhibitor B was added to
crude oil, the amount of asphaltene extracted was
0.031 g. Based on equation (1), asphaltene precipitation
was reduced 26.19 wt.% but when 10 000 ppm of asphaltene
inhibitor B was added into the crude oil, this amount
decrease to 0.0286 g. Therefore, from the economic perspec-
tive, the concentration of 3000 ppm from inhibitor B has
the highest inhibitory effect (compared to the other concen-
tration of asphaltene inhibitor B).

According to the results obtained from the IP-143 test,
it can be seen that asphaltene inhibitor A has higher
efficiency at same concentrations of A, B inhibitors.

Asphaltene content without inhibitor — Asphaltene content with inhibitor

Asphaltene reduction (%) =

Asphaltene content without inhibitor

x100. (1)



A. Ahmadbaygi et al.: Oil & Gas Science and Technology — Rev. IFP Energies nouvelles 75, 6 (2020) 7

Table 5. Amount of absorbance for mixture of synthetic oil/nC; with different concentration of inhibitors.

Amount of asphaltene inhibitor (ppm) Non. 500 1000 2000 3000
Absorbance in presence of inhibitor A 0.534 1.03 0.925 0.855 0.88
Absorbance in presence of inhibitor B 0.534 0.87 0.895 1.38 1.6
Absorbance in presence of inhibitor C 0.534 0.97 0.87 0.875 0.87

It is important to note that the IP-143 method was 12
performed at a higher temperature than the spectrometry
method, as well as the asphaltene precipitation time in
the TP-143 method is greater than the time of asphaltene L I L
precipitation in spectrometry method. Therefore, a contra- @
diction in the results obtained from these two methods was s
observed which indicates that asphaltene inhibitor A is °
more effective on the asphaltene precipitated in IP-143 ] o
method. -

] ©No Inhibitor @
2 A Inhibitor o
4.5 Investigation of the effect of inhibitors using . i'”:'z':”
Innhibitor

spectrometry method o
In order to investigate the effect of three different asphal- 2
tene inhibitors on the amount of asphaltene precipitation
using spectrometry method, synthetic oil was prepared with o

0

concentration of 0.5 wt.% from asphaltene were mixed with
ratio of 1:1 of oil:n-heptane (n-Heptane 50 vol.%). The
results were shown in Table 5.

The results obtained from spectrometry method (see
Tab. 5) show that A and C inhibitors have the same inhibi-
tory effect, although asphaltene inhibitor A at lower con-
centration is more effective which indicates that the
asphaltene inhibitor A economically is better. As it is
evident, asphaltene inhibitor B has a greater absorbance
number than A and C inhibitors. It is noteworthy that
the greater inhibitory power is available to inhibitor B at
high concentrations of this inhibitor.

The higher inhibitory effect were occurred at 500, 3000
and 500 ppm of A, B, and C inhibitors, respectively. The
results obtained from the spectrometry method indicated
that asphaltene inhibitor B has a higher inhibitory effect
(at higher concentrations), however, from the economic
point of view and in order to find an optimal concentration,
asphaltene inhibitor A is the most acceptable one than
B and C inhibitors. Therefore, the concentration of
500 ppm of asphaltene inhibitors A considered as the opti-
mal concentration (from the economic point of view), but in
terms of inhibitory power, the asphaltene inhibitor B with a
concentration of 3000 ppm has the highest efficiency.

4.6 Determination of the AOP using spectrometry
method

In this research, AOP was determined using spectrome-
try method. Further, various volumetric percentage of
n-heptane were added to synthetic oil. Asphaltene precipi-
tation was performed for 1.5 h at ambient conditions, then
the mixture was centrifuged in a time of 15 min and at a
rate of 3000 rpm, the absorbance number were determined

0 10 20 30 40 50 60 70 80 920 100
n-Heptane Vol. %

Fig. 5. Absorbance of synthetic oil as function of n-heptane
vol.% in presence of different inhibitor.

at specified wavenumbers. The point at which the number
of absorbance was defeated is known as AOP.

The AQOP in the presence of optimal values from three
different asphaltene inhibitors and without asphaltene
inhibitors were shown in Figure 5.

As it is shown in this Table 5, without asphaltene inhi-
bitor, the absorbance number reached a constant amount
at 35 vol.% of n-heptane, which is introduced as AOP.

The absorbance number reached a constant amount in
52.5 vol.% of n-heptane, when the amount of 500 ppm of
inhibitor A was added to the mixture. As a result of adding
optimal amounts of B and C inhibitors, AOPs were
occurred at 60 and 50 vol.% of m-heptane, respectively.
It can be seen from Table 4 that at ambient temperature
and pressure, in the presence of asphaltene inhibitor B,
AQP was occurred at a larger volume of n-heptane, which
indicates that this inhibitor is more effective in increasing
the AOP. Due to the fact that the spectrometry method
is carried out at ambient temperature and the IP-143
method is used at the boiling temperature of the mixture
of normal paraffin and crude oil, the inhibitor performance
varies in different temperature conditions. If the inhibitor is
to be used in downstream industries where the temperature
of the crude oil is nearer to the ambient temperature, the
inhibitor A is better, if the inhibitor is to be injected at a
higher operating temperature (inside the crude oil well),
the inhibitor B have a higher efficiency.



8 A. Ahmadbaygi et al.: Oil & Gas Science and Technology — Rev. IFP Energies nouvelles 75, 6 (2020)

o W

85

1596

75 1

S
(0]
Q
C
8
€
122}
C
[
=
\ 1A
& & o3 59 8 grss
5 5 28 8L Q@ Swoc
75 - 3 & 88 o g gg¥Q
100 -
90 -
80 H
70 1 N Q 53 5
<] 5 o 0o S
604 3 & 22 g
1 1 I T T 1 1
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

Fig. 6. The variation of the FT-IR spectrum for the asphaltene
extracted in the presence of different amounts of the inhibitor A
(the green, brown, purple and red spectra are related to
concentration of 0, 500, 4200 and 10 000 ppm of inhibitor A,
respectively).

4.7 FTIR analysis of various inhibitory effect

FTIR spectrums for asphaltene were obtained from
the IP-143 in the presence of different amount of acidic
inhibitors were shown in Figure 6. As it can be seen from
this figure, by adding asphaltene inhibitor A, the tensile
and flexure bonding of N-H were appeared with different
intensities in the FTIR spectrum of asphaltene. As previ-
ously described, asphaltene is a dense aromatically ring
with alkyl side chain and polarizing functional groups which
is maintained in the crude oil solution by resin. Therefore,
polar bands, such as tensile and flexure N-H and O-H,
can keep the asphaltene in the solution and prevent them
to precipitate.

The pigments of the tensile and flexure were appeared
at the wave number of 3467 and 1634 cm ', respectively,
when the amount of 500 ppm of the asphaltene inhibitor
A was added to the crude oil. The mentioned pigments were
not exist in the asphaltene without chemical inhibitor.
It can also be seen that the tensile and flexural of N-H pig-
ments, for 500 ppm of asphaltene inhibitor added, has the
highest severity. When 4200 ppm of inhibitor A was added
to the crude oil, the tensile and flexural pigments were
appeared at 3468 and 1645 wavelengths, which are less than
sample with 500 ppm of asphaltene inhibitor. This differ-
ence in the intensity of the N-H bands changes the amount
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Fig. 7. The variation of the FT-IR spectrum for the asphaltene
extracted in the presence of different amounts of the inhibitor B
(the blue, red and green spectra are related to concentration of
1000, 2000 and 3000 ppm of inhibitor B, respectively).

of asphaltene obtained from the IP-143 method. By adding
10 000 ppm of the asphaltene inhibitor A, the FTIR spec-
trum was different from the other samples. As shown in
Figure 6, the picks of N-H flexure in 3468 cm ™! wavelength
is comnsiderably reduced, which could be one of the main
reasons for the increased of asphaltene extracted from the
crude oil by adding 10 000 ppm of asphaltene inhibitor A.
The pigtails of the C=C double band was also appeared
at the 1400 ecm™ ! wave number. The C=C dual band is a
strong non-polar band that can be linked to a non-polar—
non-polar bond with asphaltene. Hence, n-paraffin can be
more easily linked to non-polar part of the asphaltene,
which were potentiated by adding up to 10 000 ppm of
asphaltene inhibitor. Hence, asphaltene precipitation was
increased.

The FT-IR spectrum for the extracted asphaltene from
the crude oil for the cases in which the amount of 1000,
2000 and 3000 ppm of asphaltene inhibitor B were added
to the crude oil, respectively, are shown in Figure 7. In this
figure, new pigments appear in the FTIR spectrum of the
extracted asphaltene for the case that 3000 ppm of asphal-
tene inhibitor B (the concentration, which shows the high-
est inhibitory effect for asphaltene inhibitor B), were added
to crude oil. In the wavenumber of 3051 cm ' a double
carbon bonding was appeared, causing a greater amount
of asphaltene precipitation, while in wavenumber of
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3440 cm ™', a slightly tensile N-H was formed, which
reduces the asphaltene precipitation. In the wavenumber
of 29532921 cm™', the bands belong the aliphatic
group (CHs), which increases the non-polar behavior and
consequently increases the asphaltene precipitation. In the
wavenumber of 1136 cm ™', an acidic C-O bond was also
appeared. This C-O bond reduces the amount of precipi-
tated asphaltene and increases the absorbance number of
UV test. In general, by adding 3000 ppm of asphaltene
inhibitor B, due to the high contrast between polar and
non-polar bonds, the percentage of the reduced asphaltene
was not as considerable as expected. Nevertheless, due to
polar bonds being overcome by non-polar bonds, adding
this amount from asphaltene inhibitor B showed a positive
effect on asphaltene precipitation.

According to Figure 7, by adding 1000 and 2000 ppm of
asphaltene inhibitor B, the intensity of the N-H and C-O
bands for the extracted asphaltene decreases, which causes
a decrease in the asphaltene polarization, therefore, the
extracted asphaltene was increased rather than the case
that 3000 ppm of asphaltene inhibitor B was added to
the crude oil.

As a general conclusion of the results of the FTIR spec-
trums, at high temperatures, asphaltene inhibitor A forms
stronger polar bands than asphaltene inhibitor B.

Asphaltene acts like Lewis base, therefore it interacts
well with the inhibitor, which plays as a Lewis acid.
Considering that pH for A, B and C asphaltene inhibitors
are 3.8, 2.8 and 5.3 respectively, it can be concluded that
the acidic properties of these inhibitors result in the stabil-
ity of asphaltene in crude oil. Also, because asphaltene acts
as a strong receiver of a hydrous band and a poor supply of
hydrous bands, the transfer of the hydroxide band from
acidic inhibitors to asphaltene causes its stabilization in
crude oil.

5 Conclusion

In this research, the effect of three different asphaltene
inhibitor on reduction of asphaltene precipitation by two
different methods such as IP143 and spectrometry
methods have been investigated. AOP was also determined
by spectrometry method. The following conclusions were
obtained from this research, which confirms that Asphalte-
nes would act as Lewis base: The inhibitors that have acidic
and polar portions, play a role in the formation of resin as a
result of the formation of bond with the polar regions of
asphaltene, which reduces the asphaltene deposited in the
crude oil due to the presence of normal paraffin. In addition
to reducing the amount of asphaltene sedimentation,
chemical inhibitors also cause the AOP to be dropped.
The experimental results show that temperature condition
is a key factor on the performance of different inhibitors
on decreasing asphaltene precipitation.
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