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Introduction

Nowadays, due to the increasing need for oil and gas
as the main energy source, it is necessary to improve
oil production from hydrocarbon fields. One of the
useful methods to increase oil well production is
acid stimulation. Acidizing is used when the amount
of production from the well is lower than expected
due to formation damages [1, 2]. Improper design of
acidizing process leads to the loss of its effectiveness
and inducing new formation damages. One of these
cases is the unwanted formation of acid-oil emulsion
and the formation of acid sludge deposits. In fact,
the acid in contact with some asphaltic oils causes
the formation of severe acid sludge, which further
reduces the permeability and pore blockage in the
porous medium, wettability alteration and reducing the
speed of the acid-rock reaction. This issue can cause
the failure of the acidizing operation [3-5]. Moreover,
some parameters related to both acid and oil phases
have an effect on sludge formation phenomenon.
According to previous studies, parameters such as
chemical additives [6-8], iron ions concentration [9-
11], acid type and concentration, temperature, acid-
oil exposure duration, acid mixture ratio and mixing
speed [12], as well as oil characteristics including
density and viscosity |12], interfacial tension between
acid and oil phases [13], and oil components can have
an effect on the formation of acid-induced sludge [ 14].

Materials and Methods
Acid-induced sludge is actually the precipitation of
colloidal compounds in crude oil, which is caused
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by contact with acid and changes in environmental
conditions such as temperature and pressure. Sludge is
insoluble in most chemical solvents. In the research of
Kalhori et al. (2022) [15], the effect of different types
of oil compounds (aromatic, asphaltene and paraffins),
the amount of asphaltene concentration and the ratio
of acid to the whole system was investigated [15], and
it was found that asphaltene is the main actor in the
formation of sludge, and with the increase of asphaltene
concentration from 5000 to 15000 ppm, the amount of
sludge acidity has increased by 13%, also increasing the
ratio of acid to the whole system has a significant effect
on the amount of acidic sludge. Mohammadzadeh-
Shirazi et al. (2019) [16] investigated the effect of
acid concentration, ratio of acid to the whole system
(AMR), type of oil and iron ion on the formation of
acid sludge. The concentration of acid, the presence
of ferric ion and the ratio of acid to the mixture were
identified as the main factors affecting the amount of
sludge [16], The results showed that controlling the
presence of iron ions, and adjusting and selecting the
best acid concentration and ratio of acid to mixture,
greatly reduces the possibility of emulsion and sludge
formation without the presence of preventive additives
(including anti-sludge, anti-emulsion and iron ion
reducer). Mirkhoshhal et al. (2021) [17] investigated
the effect of the type and concentration of acid on the
formation of acid sludge and emulsion by injecting
into a micromodel [ 17], and showed that increasing the
concentration of live acid from 15 to 28% by weight
caused 27.5% more permeability damage. It is due to
the severe pore-bridging, while the acid consumed
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does not lead to the precipitation of acid sludge.
Sludge is formed by the precipitation of colloidal
particles in crude oil, and then it was confirmed that
the composition of acidic sludge is pregnant. It was
found that the contact of acid with oil disrupts the
natural electric charge of colloidal materials and
this factor can be the reason for the precipitation of
asphaltene particles[18]. In the contact between acid
and oil, the acid neutralizes the negative charge on
the surface of colloids. This neutralization happens
by H, O" ion or with the help of iron ion Fe'', Fe*',
which is transferred by the acid during the operation,
which causes the resins The stabilizer can be separated
from asphaltene. Rietjens et al. (1997) [19] found
that when the stable micelles of asphaltene and resin
are interrupted by contact with acid[19], the result
will be asphaltene precipitation by two mechanisms,
the dissolution of resins and the neutralization of the
charge of asphaltenes by proton ions H".

Results and Discussion

In order to investigate the effect of oil compounds on
the phenomenon of sludge formation, the indices of
asphaltene-resin ratio (A/R) and saturated-aromatic
compounds (S/Ar) were used. Statistical analysis with
the help of the developed artificial intelligence model
has indicated the ability to predict with an accuracy
of 90 % [20], Acid stimulation experimental tests
were performed on Maroon oil field crude oil samples
to quantify the amount of sludge formation [2], and
sludge deposition potential by the parameters of iron
ion concentration, mutual solvent, corrosion inhibitor,
corrosion aid, suspension agent and surfactant, were
sensitized. The results showed that with the increase in
acid and iron ion concentration, the sludge formation
potential increases. The acid concentration threshold
for severe sludge formation is 17% for hydrochloric
acid and the ratio of 12 to 3% (hydrochloric acid to
hydrofluoric acid) for mud acid and iron ions increase
sludge formation. Based on this, the acid-induced
sludge formation threshold for maroon oil occurred
at a concentration of 7500 ppm of iron ions, and the
standard amount of all additives used in the mentioned
study caused sludge formation.

There is always a basic question whether it is possible
to control sludge production by adjusting operating
parameters (instead of using additives). In most of the
previous researches, the effect of acid concentration,
iron ion and other additives on the formation of acid
sludge deposits has been investigated, and the effect
of other parameters such as AMR, temperature and
oil properties on the formation of acid sludge deposits
is not well known. Also, the important parameter of
mixing speed as an operational adjustable parameter
has not been studied so far. In this research, the
parameters of mixing speed of oil and acid (as a
representative of the rate of acid injection into the

formation), ratio of acid to the whole system (as a
representative of the volume of acid injection into the
formation), temperature and properties of crude oil
(viscosity, index of colloidal instability and amount
of asphaltene) on the phenomenon of acid sludge
formation has been investigated. Also, in order to
investigate the effect of oil viscosity on the amount of
acid sludge formation, a number of experiments were
conducted using synthetic oil prepared by diluting
crude oil with toluene and heptane.

Conclusions

Adjusting the parameters of acid treatment (such as the
rate and volume of acid injection) can be effective in
reducing the formation of unwanted deposits of acid-
induced sludge. Also, the characteristics of the oil and
the tail of the reservoir have a serious effect on this
phenomenon. The results of the investigation on three
crude oil samples showed:

1- Increasing the mixing speed in the range of 500 to
1500 rpm has caused an increase of 1.2, 1.58 and 1.49
times the formation of acid sludge in A, B and C oil.
In fact, with the increase in mixing speed, the contact
surface of acid and oil emulsion droplets has increased
and according to the mechanism, sludge formation
has intensified. Therefore, in operating conditions,
reducing the speed of acid injection reduces the risk of
formation damage caused by sludge formation.

2- By changing the ratio of acid to oil (AMR) from 0.2
to 0.8, the formation of sludge deposits has increased
by 1.27,2.37 and 3 times, respectively.

3- Increasing the temperature from 30 to 85 °C also
increased the amount of sludge deposition by 2.7, 1.57
and 1.84 times, respectively. Therefore, reservoirs
with a higher temperature have a higher risk of sludge
formation.

4- The properties of oil, including the amount of
asphaltene, CII index and viscosity, affect the tendency
to form sludge. Compared to B and C oils, oil A
formed 6.1 and 37.7 times more sludge, respectively.
The nature of oil, oil A with higher viscosity, as well
as colloidal instability index (CII) and more asphaltene
amount, formed more sludge, and in oil C, which has
the lowest viscosity, CII and asphaltene amount, the
least sludge was formed.

5- Investigating the viscosity parameter of the
hydrocarbon phase alone by conducting tests on crude
oil B and the synthetic oil obtained from it, showed that
the reduction in viscosity caused a 1.68-fold reduction
in the amount of sludge deposition.

6- The effect of the parameters in compatibility tests
on synthetic oil showed that with a 4-fold increase
in AMR, the amount of sludge increased 2.3 times.
Also, increasing the mixing speed to 1000 rpm and
temperature to 30 °C in synthetic oil has had an effect
on the increase in sludge formation by 1.4 and 1.2
times, respectively.
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