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Abstract

Introduction: Water flooding is one of the methods of enhanced oil
recovery in which formation water is injected into the oil reservoir,
Calcium carbonate deposition is one of the challenges in the field of
water flooding and oil production. It leads to a reduction in oil
production due to deposition on reservoir rocks and the path of oil
movement.

Methods: The use of chemical additives, especially hydrophilic
polymers, has been widely studied to prevent calcium carbonate
deposition. In this study, a ternary hydrophilic polymer was used to
investigate the inhibitory effect on calcium carbonate scale in the
formation water of an Iranian oil reservoir. The optimal concentration of
this polymer, considering its inhibitory performance coefficient in
formation water, was determined to be 800 milligrams per liter based on
the calcium ion concentration. This optimal concentration was then used
for subsequent experiments. Temperature studies on the inhibitory
performance of this polymer showed that at reservoir temperature (75
degrees Celsius), 800 milligrams/lit of this ternary polymer
demonstrated good performance. Scanning Electron Microscopy (SEM)
and X-ray Diffraction (XRD) were used to study the physical
mechanisms involved in preventing calcium carbonate deposition.
Findings: SEM results showed that calcium carbonate crystals, in the
form of stable calcite with a regular uniform structure before the
presence of the inhibitor, became heterogeneous and smaller in size
after adding the polymer, disrupting their structure. On the other hand,
XRD analysis indicated that adding this ternary polymer could
significantly inhibit the growth of calcium carbonate crystals and
prevent the transformation of vaterite into calcite. Additionally,
aragonite crystals are dispersed in the water and washed away by the
water flow.
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Extended Abstract

Introduction

Deposit formation is a critical issue in the oil
industry, restricting oil production by causing
issues in wells and pipelines, leading to
increased energy consumption and safety
concerns. Most oil fields are now experiencing
a decline in production due to continuous
exploitation and pressure drop. To sustain oil
production, energy and reservoir pressure
preservation is essential, often achieved by
injecting water into the reservoir [1,2].
Environmental considerations and limited
surface water availability drive the injection of
formation water, containing ions like Ca?',
Mg?", HCOs—, CO,, and SO, . The chemical
reactions between these ions and the formation
fluid result in ion accumulation and deposit
formation in reservoirs and facilities [3,4]. In
the oil industry, carbonate deposits, especially
calcium carbonate, pose significant challenges.
Developing inhibitors resistant to temperature
and salinity is crucial. Chemical additives,
particularly polymeric inhibitors with polar
groups, have proven effective. Sulfonate
groups, known for water affinity, disperse ions
like Ca?*, Fe**, Ba%*, and Mg?. Terpolymer
inhibitors, especially those with sulfonic acid
and ester groups, exhibit superior inhibitory
effects compared to homopolymers. Their
performance, evaluated under variable
conditions, shows high inhibitory rates against
calcium carbonate deposition [4-20]. This
study focuses on a terpolymer synthesized
with itaconic acid, sodium p-styrene sulfonate,
acrylamide, and ammonium persulfate. The
terpolymer, environmentally friendly and
lacking phosphate affinity, was tested for its
inhibition  against  calcium  carbonate
deposition in formation water. The terpolymer
demonstrates excellent temperature resistance,
thermal stability, and high efficiency, making
it suitable for deployment in oil fields.
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Materials and methods

The specifications of itaconic acid, sodium
pstyrene sulfonate, and acrylamide, which
were used for the synthesis of the triple
polymer, are listed in Table 1. Also, a
formation water sample was prepared from
one of the oil reservoirs in southern Iran, and
the results of its geochemical analysis are
shown in Table 2.

Findings and Discussion

Various  concentrations of IA-AM-SSS
polymer (ranging from 50 to 1000 mg/L) were
tested to determine the optimal concentration
for inhibition performance. Figure 2 illustrates
the impact of concentration on inhibition
performance at reservoir temperature (75°C).
Initially, the inhibition performance increases
with concentration, reaching its peak (96.87%)
at 800 mg/L, beyond which it decreases. The
carboxylic acid, sulfonate, and amide groups
in the polymer exhibit synergistic inhibition
effects, effectively sequestering and dispersing
calcium ions. Considering the varying
temperatures in the reservoir during water
injection, the influence of temperature on
inhibition performance was investigated. The
inhibition performance of the optimized
polymer concentration was measured at
temperatures ranging from 30 to 80°C. As
shown in Figure 3, inhibition performance
increases from 30 to 75°C but decreases from
75 to 90°C. At the reported reservoir
temperature of 75°C, the inhibition efficiency
is 96.87%.

IA-AM-SSS  ternary polymer, a 3-part
polymer, comprises branches with carboxylic
acid, sulfonic acid, and amide groups, all
negatively charged and hydrophilic. The
carboxylic acid groups effectively bind to
positively charged active points on calcium
carbonate crystal surfaces, altering their
chemical charge and inducing a repulsive
force, leading to the creation of a porous
structure. Sulfonic acid groups enhance the
dispersibility and solubility of calcium
carbonate sediment. Amide groups exhibit a
strong ability to absorb and chelate calcium
ions, preventing calcium carbonate
precipitation. The synergy of these three
functional groups disrupts nucleation and
growth, causing irregular crystal shapes. The
ternary polymer transforms stable calcite into
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unstable vaterite, resulting in porous and
loosely structured calcium carbonate crystals.

Conclusion

This study utilized a phosphate-free
terpolymer  containing  carboxylic  acid,
sulfonate, and amide groups to investigate its
efficacy in calcium carbonate scale inhibition.
The optimal concentration for this terpolymer,
determined by the inhibition performance for
calcium ions, was found to be 800 mg/L. At
reservoir temperature (75°C), the inhibition
performance reached 96.87%. Temperature
variations significantly impacted inhibition
performance, with a decrease observed at
temperatures  exceeding  the  reservoir
temperature. SEM and XRD analyses
demonstrated that 1A-AM-SSS alters the
morphology of calcium carbonate crystals,
destabilizing and weakening them for easy
removal by water flow.
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