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2. Heteroatom
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Introduction

Oil production causes a reduction in reservoir
pressure, lighter composition in the formation fluid,
precipitation of organic and minerals in the porous
medium, and eventually, loss of production. Acid
stimulation is a common and interesting approach in
this situation, and matrix acidizing can be helpful in
dissolving scales and rock to clean the clogs or create
new pathways [1]. Unwanted interactions between
acid ions and polar components in the crude oil such
as asphaltene, resin, and naphthenic acids result in
forming a strength stabilizing layer of the reacted
material on the dispersed acid droplets, preventing
acid contact with the rock, and even worse forms acid-
induced sludge, which is known as another formation
damage [2].

The acid-oil compatibility is evaluated based on the
RP-42 standard procedure 3], which returns to a long
time ago. In addition, there are a lot of ambiguities in
its unrealistic experiments that result in uncertainties.
This paper is devoted to detailed study of RP-42 in
order to recognize its drawbacks, modify it based on
the previous studies and experimental observations,
and propose a more comprehensive test procedure
for the production engineers to better assess the
acid-induced emulsion and sludge formation before
performing acid stimulation in the reservoir.

Accepted: June/30/2024

Materials and Methods

Common Acid-oil Compatibility Test

RP-42, the first version in 1962 and the last revision
in 1990, is the only known procedure to check the
compatibility of acid and crude oil through separate
emulsion stability and sludge formation experiments
in laboratory conditions [3]. It has been mentioned
explicitly that the results were not guaranteed and
just included some recommendations to improve test
accuracy. Furthermore, the suggested tests are focused
on using various chemical additives, especially
anti-emulsion and anti-sludge agents in an acid
solution without any details. Moreover, a high-speed
Mechanical mixer (14000 to 18000 rpm) is suggested
for mixing acid and crude oil phases, which is
followed by a visual monitoring of the emulsion phase
separation in a graduated glass cylinder at ambient
temperature.

In the sludge tests, which has been noticed that neither
the sludge formation affinity nor the effectiveness
of the anti-sludge agent are determinable, acid and
oil are mixed by hand-shaking of the bottle. After 4
to 24 hours of heating in a water bath, the sludge is
separated by a 100-micron screen and washed with
hot water or filtered oil to remove any emulsion and
paraffin. Finally, the results are not quantified; instead,
the amount of sludge is reported as an observed quality.



Results and Discussion

Literature Review on the Test Procedure

As mentioned in the last section, no enough details
are provided in the published procedure, and there is
a lack of quantification of the results. To overcome
these shortcomings, the researchers have made various
changes in their procedure from 1965 up to now. A short
summary of these modifications is presented here. A
preheating step (between 65 to 96 °C) was considered
before emulsification [2,4-6]. Anti-emulsion and anti-
sludge agents were introduced to the acid solution with
different methods because of unavailable procedures.
The effect of ferrous and ferric ions, as the products
of facilities corrosion by acid, were considered in
the bottle tests by dissolving certain amounts of their
chlorides in the acid solution [2,4,8-10]. In addition,
some researchers were interested in studying the
individual components of crude oil such as asphaltene
as its most important natural surfactant in a synthetic
oil [6,9].

The emulsification step was very challenging in the
literature because of the variety of mixing processes
(i.e. intensity and time). Although some researchers
followed RP-42 by using high-speed mixing in
emulsion tests and hand-shaking for sludge tests,
others used lower shears in their experiments [2,4-
6,7,9-10]. There are also some studies in which shear
has been applied by injecting acid in a porous medium
of micromodel [8].

The most variety can be observed in the monitoring
and data collection step. In fact, these changes were
applied to obtain the experimental results that can be
quantified, especially the formed sludge. In acid-oil
emulsion studies, which were really attracted less than
sludge, the volume of the separated acid or its ratio
to the initial acid was considered as emulsion stability
criterion [2,4-6]. However, other approaches such as
microscopic study or interfacial tension measurement
were also performed [4-5,10]. In contrast to RP-42,
various researchers measured the mass of formed
sludge and reported its value or ratio to the initial mass
of crude oil or asphaltene [2,7,9]. Moreover, several
methods have been used for sludge separation and
washing such as centrifugation and screening with 100
and 200-micron mesh size [2,4-5] or filter paper from
2.5 to 8 micrometers [9].

Procedure Revision

A short summary of key modifications to the RP-
42 standard procedure is presented in this section
based on the feedback from the previous studies and
experimental observations.

* Acid-induced emulsion stability and sludge
formation have interconnections; in other words,
they happen simultaneously and should be evaluated
in a comprehensive test without changing the initial
material or test conditions.
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* In the reservoir, the injected acid and crude oil contact
with each other at high temperatures. Therefore, it
should be noted that a preheating step at near reservoir
temperature is absolutely required for the liquids and
the mixing container.

* [t is possible to reduce using of numerous chemical
additives; it is necessary because of their high price
and some incompatibilities, which cause unwanted
chemical precipitation and intensifying sludge
formation in some situations. They can be finalized
by high-pressure tests in a porous medium such as
core rock. Furthermore, the effectiveness of anti-
emulsion and anti-sludge agents strongly depends
on experimental conditions while no details have
been provided in RP-42. More studies are required to
determine these details.

* There are several choices in the emulsification step
while adjusting the fluids mixing to keep the reservoir
shear should be the priority. In contrast to the current
version of RP-42, the mixing range of 1000 to 1500
rpm would be applicable in the laboratory [7].

* Combining various approaches can help better
assessment of emulsion and sludge formation such
as bottle test, centrifugation, interfacial tension
measurements, and microscopic studies coupled with
image processing techniques.

» Using several screens with various mesh sizes is
applicable in more accurate sludge assessments and
their quantification. In addition, certain and standard
solvents should be introduced for sludge washing
based on industrial large-scale applicability and
environmental precautions.

* Ferric ion as an unavoidable disturbing agent had
been neglected in the common procedure while it has
a severe negative influence on emulsion and sludge
formation. Therefore, it should be introduced to the
studied acid solution by dissolving salts such as ferric
chloride.

Conclusions

Applying a principled and standard method in
conducting experiments is a prerequisite to obtaining
valid and accurate scientific results. It is one of the
most necessary and important steps in oilfield acidizing
process design to run acid and oil compatibility tests
correctly and to investigate the affecting factors on
acid-induced stable emulsion and sludge formation
such as acid solution properties, solid material, ions,
and chemical additives, which has been done so far
based on the common RP-42 procedure. This standard
method includes different experimental conditions
from the reservoir. Moreover, it lacks in quantifying
the results besides the ambiguities in experimental
procedure details. On the other hand, segregating the
test procedure for emulsion and sludge assessments
does not seem correct because these two phenomena
take place alongside simultaneously in reality, and
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affect each other. In this research, in addition to
introducing the steps of this procedure, a review is
presented of the previous studies, the drawbacks and
current ambiguities are explained, and eventually,
some approaches have been provided to resolve them.
The key modifications include preheating of the initial
fluids and mixing container to the reservoir temperature,
mixing by certain devices at a similar shear of the
formation medium, performing the sludge assessments
along with the emulsion experiments to achieve more
realistic results, using multi-step screening with
various mesh size to classify the amount of sludge
based on aggregates’ size, microscopic investigation
of emulsion’s droplets and their comparison to the
size of the porous medium to evaluate its clogging
due to emulsion’s droplets, introducing suitable and
standard fluids for sludge washing, and completing
the investigations through parallel performing of
the injection experiments in the core or micromodel
samples. Ultimately, the results of this study showed
that it is necessary to revise the current RP-42
procedure as the only published and suggested acid-oil
compatibility test procedure after a long time, based
on related studies and their results. Also, this paper
can be considered as a step in improving the technical
knowledge of acidizing operations, and it will help
production engineers to plan and design the oilfield
acid stimulation more efficiently.
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