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3. Total Base Number (TBN)
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1. Colloidal Instability Index (CII)

2. Spent Acid

3. Saturate, Aromatic, Resin and Asphaltene
4. Micelle

5. Live Acid

6. Mud Acid
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1. Powdered Acid
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3. Emulsified Acid

4. Retarder Acid
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Introduction

Formation damage is known as any mechanism that
causes a reduction in the rock permeability for crude oil
or gas, and resistance against the flow and production
through the wellbore [1]. Acid-induced emulsion and
sludge are examples that are formed during acidizing
operations. Recent studies using artificial intelligence
tools showed that the most important affecting factors
on the emulsion stability are crude oil viscosity, ferric
ion, anti-emulsion additives, and the acid concentration
[2]. There are also other important factors such as crude
oil polar components, indigenes solids and formation
rock type, acid type, temperature, and pressure. On
the other hand, the solid phase created at the acid-oil
interface is called sludge, which is a result of various
reactions between acid ions and polar components of
the crude oil [3]. This study focuses on the applicable
solutions to improve the acidizing operation, and the
exist challenges in the field.

Materials and Methods

Solutions to Improve Acidizing Operations

Pre and Post treatment

Some fluids are used before acid injection to reduce
interfacial tension by pushing back the formation
fluid and making the rock water-wet in the near
wellbore. This postpones the unwanted interactions
and mitigates forming stable emulsions. In addition, a
suitable solvent can dissolve and remove asphaltenes,
and prevent sludge formation. For instance, using
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ammonium chloride in a sandstone reservoir was
helpful in Aramco Co. and the contact of minerals with
acid was reduced effectively [4].

Chemical additives

It is common to use chemical additives for various
reasons. Among them, anti-emulsion and anti-
sludge chemicals can be effective in preventing
emulsion and sludge formation. However, they
even increase the formation damage in some cases
because of incompatibility or being ineffective at
high temperatures [5]. Recently, some polymers have
been used more effectively but they never prevent the
sludge formation completely. A better alternative can
be adjusting the acidizing parameters instead of using
various additives.

Hybrid Acid

A blend of HCI and a weak acid like HF or organic
acids poses lower corrosiveness, deeper penetration
in the rock, and higher efficiency [6]. They are also
helpful in the reservoirs having high temperatures.
Meanwhile, hybrid acids dissolve rock less than HCI,
and high volumes are required for a typical acidizing
process. In addition, their side-products can precipitate
in the reservoir, besides some chemical additives are
required to control fine particles. Moreover, more
studies are still necessary to model the kinetics of the
organic acids.
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Emulsified Acid

These systems are prepared by dispersing HCI droplets
in an organic medium such as diesel and aromatics
to cover acid ions and reduce their activity in the
reservoir [7]. An emulsifying agent is critical for this
reason. Although such systems may be helpful, the
limited stability of the emulsified acids, especially at
high temperatures, their high viscosity, and difficulties
at high flow rates are some primary challenges.

Diverting Acid

There are physical and chemical methods to divert the
injected acid to the high-flow-resistance path in the
reservoir and make the acidizing area more uniform.
Among them, chemical ones are faster and more
cost-effective. In this process, various chemicals are
used to form a low-permeable gel and divert acid to
uncontacted areas. As an example, polysaccharide was
used in a carbonate reservoir and resulted in higher
viscosity by decreasing acid concentration [8]. If some
of the formed gel does not break after the operation,
the remained material clogs the production path. In
addition, the formation of a stable emulsion is highly
possible.

Results and Discussion

Proper Adjustment of the Parameters of the Acidizing
Operations

As mentioned before, improper design of an
acidizing process makes it ineffective by forming
stable emulsions and sludge in the porous medium.
Experimental studies illustrated that determining
optimal conditions through bottle tests and adjusting
the acid volumetric ratio in addition to prevent of
introducing ferric ions to the injected acid can prevent
acid-induced formation damage [9].

Conclusions

In this research, alongside investigating of
comprehensive review on acidizing operations and
their progress, it was tried to introduce acid-crude
oil emulsion formation, its stability, and sludge
formation as a result of the incompatibility of the
injected acid with the reservoir and crude oil, for
a better understanding of the affecting factors. In
addition, the operational solutions were introduced
all around the world to determine the advantages
and challenges. One of the most important choices is
designing pre-treatment processes and the fluid used in
this step to minimize the acid-formation fluid contact.
It is necessary to consider the chemical additives’
compatibility in order to keep their effectiveness in the
field conditions through initial experiments. Adjusting
the optimum ratio of hybrid acids with respect to the
location and field conditions is critical, and modelling
of the operation of organic acids needs to be improved.
In spite of some acceptable reports on the effectiveness

of the emulsified acids, they illustrated high viscosity
and pumping difficulties at high flow rates. Studies on
diverting acids in the formation rock to uniform the
cleaning of the clogging in the near wellbore region
resulted in remarkable progress; however, there are
still some unsolved problems about forming side
precipitations, remaining gels and high viscosity at
high pH values, and the remaining gelled materials and
additives in the reservoir. On the other hand, controlling
the operations parameters alongside minimizing the
usage of chemicals such as additives and various
polymers to optimize the acidizing operations can
cause applicable results and lower operating costs.

Acknowledgment

This paper is extracted from the research under the
support of the National Iranian South Oil Company
(NISOC). Therefore, the authors appreciate National
Oil Company’s support, and everyone who has
somehow cooperated in this project.

References

1. Garrouch, A. A., Malallah, A. H., & Al-Enizy,
M. M. (2006, September). An empirical model
for predicting crude sludging potential caused by
acidizing. In SPE Annual Technical Conference
and Exhibition? (pp. SPE-102129). SPE. doi.
org/10.2118/102129-MS.

2. Shakouri, S., & Mohammadzadeh-Shirazi, M.
(2025). Machine learning approaches for assessing
stability in acid-crude oil emulsions: Application
to mitigate formation damage. Petroleum
Science, 22(2), 894-908. doi.org/10.1016/.
petsci.2024.09.013.

3. Bourdarot G. Well testing: interpretation methods.
Editions Technip; 1998.

4. Al-Anazi, H. A., Nasr-El-Din, H. A., Hashem,
M. K., & Hopkins, J. A. (2000, June). Matrix
acidizing of water injectors in a sandstone field
in Saudi Arabia: a case study. In SPE Western
Regional Meeting (pp. SPE-62825). SPE doi.
org/10.2118/62825-MS.

5. Daneshvand.B, Badri.F, Khodabandeh.F,
Zaribafan.E. (2015). Quality control laboratory
tests of Anti-sludge and non- emulsifier additives
in the purpose of inhibiting re-damagaing and
improving acidizing treatments. The Third
International Conference on Oil, Gas and
Petrochemical. Tehran. Iran.

6. Sadati-Sorkhi, S. E. (2020). Organic acids
in carbonate acidizing. The 3rd International
Conference on Oil, Gas, Petrochemicals and HSE.
Hamedan. Iran.

7. Bergstrom, J. M., & Miller, B. D. (1975,
September). Results of acid-in-oil emulsion
stimulations of carbonate formations. In SPE
Annual Technical Conference and Exhibition?



n Petroleum Research, 2025(August-September), Vol. 35, No. 142

(pp. SPE-5648). SPE. doi.org/10.2118/5648-MS.

8. Amro, M. M. (2006, May). Extended matrix
acidizing using polymer-acid solutions. In SPE
Kingdom of Saudi Arabia Annual Technical
Symposium and Exhibition (pp. SPE-106360).
SPE. doi.org/10.2118/106360-MS.

Abbasi, A., Malayeri, M. R., & Shirazi, M. M.
(2023). Stability of spent HCI acid-crude oil
emulsion. Journal of Molecular Liquids, 383,
122116. doi.org/10.1016/j.molliq.2023.122116.



