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RESUMO

Introdugédo: O aumento da demanda global por petréleo e os desafios associados a recuperagdo em campos
maduros e offshore no Brasil impulsionam o desenvolvimento de estratégias mais eficientes de recuperagao
avancgada de petréleo (EOR). Entre essas, destacam-se a injecdo de CO, e o ajuste da salinidade da agua
de injecao, que influenciam diretamente as propriedades interfaciais 6leo/agua e, consequentemente, o fator
de recuperagao. Objetivos: Neste estudo, avaliou-se a influéncia de ions especificos (SO,>” e Sr?¥*), da
temperatura e da pressao de CO, sobre a tenséo interfacial (IFT), visando compreender os mecanismos que
governam a mobilizacdo do éleo em reservatérios. Metodologia: As medigdes de densidade indicaram que
a temperatura exerce maior influéncia sobre os fluidos do que a pressao, devido a baixa compressibilidade
dos liquidos. Nos ensaios de IFT, observou-se que os anions apresentaram maior capacidade de redugéo da
tensédo interfacial em comparagéo aos cations, resultado coerente com o papel dos anions na migragéo de
moléculas tensoativas. Resultados e Conclusdes: A variacdo das concentragdes de SO,% e Sr?* resultou
em respostas ndo lineares, indicando pontos 6timos de atividade interfacial associados a reorganizagao
molecular. A presenga simultdnea de ambos os ions, formando SrSO,, promoveu redugdo adicional da IFT
em relagdo a agua deionizada. A 25 °C, a maior concentragdo avaliada (252 mg L™") resultou em valores
préoximos de 20 mN-m™, com baixa sensibilidade a concentragado. A 55 °C, o valor médio foi de 20,6 mN-m™,
enquanto a 75 °C observou-se reducéo para cerca de 19,6 mN-m™ nas concentragdes intermediarias (46 e
102,6 mg L™), indicando que o aumento da temperatura favoreceu a reorganizagao molecular e intensificou
a atividade interfacial. Contudo, em altas concentragbes, ocorreu precipitacdo do sal, limitando as medigdes.
Esses resultados demonstram que a temperatura, embora secundaria, contribui para ajustes sutis na interface
devido a redugéao da viscosidade e as mudangas na solubilidade dos sais. A presenga de CO, sob diferentes
pressdes também influenciou a IFT. Para solugbes contendo SO,*", verificou-se redugdo progressiva da
tensdo interfacial com o aumento da pressao, associada a maior solubilidade do gas em meios de baixa
salinidade. Nos sistemas com Sr?*, observou-se comportamento nao linear, com aumento inicial e posterior
reducéo da IFT em pressdes elevadas, relacionado ao equilibrio entre os efeitos de salting-out e dissolugéo
forcada do CO,. Ja nos sistemas contendo agua de anions, registrou-se aumento inicial acentuado da IFT,
provavelmente decorrente da formacdo de acido carbdnico e seus produtos de dissociagédo, seguido de
estabilizacdo. De modo geral, a composicdo ibnica, a temperatura e a presenga de CO, modulam de forma
interdependente a interface dleo/agua, resultando em redugdes de IFT entre 19,6 e 20,6 mN-m™ conforme as
condi¢cbes. A compreensao desses efeitos fornece subsidios para a definicdo de parametros operacionais que
favorecam a reducéo da tensao interfacial e a mobilizagdo do 6leo, contribuindo para o aprimoramento de
estratégias de recuperacéo avancgada de petrdleo.
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ABSTRACT

Introduction: The increasing global energy demand and the challenges of oil recovery from mature and
offshore Brazilian reservoirs have driven the development of more efficient enhanced oil recovery (EOR)
techniques. Among these, CO, injection and salinity adjustment of injection water stand out, as they directly
influence oil/water interfacial properties and, consequently, the recovery factor. Objectives: This study
evaluated the influence of specific ions (SO,?” and Sr?*), temperature, and CO, pressure on interfacial tension
(IFT), aiming to understand the mechanisms governing oil mobilization in reservoirs. Methodology: Density
measurements indicated that temperature has a greater effect on fluids than pressure due to the low
compressibility of liquids. In the IFT experiments, anions showed a higher ability to reduce interfacial tension
compared to cations, consistent with their role in promoting surfactant migration to the interface. Results and
Conclusions: Variation in SO,* and Sr?* concentrations produced non-linear responses, indicating optimal
points of interfacial activity associated with molecular rearrangement. The simultaneous presence of both ions
forming SrSO, led to additional IFT reduction compared with deionized water. At 25 °C, the highest
concentration (252 mg L™") resulted in values close to 20 mN-m™, with low sensitivity to concentration. At 55
°C, the average value was 20.6 mN-m™, while at 75 °C, a further decrease to around 19.6 mN-m~" was
observed for intermediate concentrations (46 and 102.6 mg L™"), indicating that higher temperatures favored
molecular rearrangement and enhanced interfacial activity. However, at higher concentrations, salt
precipitation occurred, limiting the measurements. These results show that temperature—although
secondary—contributes to subtle adjustments at the interface due to reduced viscosity and changes in salt
solubility. The presence of CO, under different pressures also affected IFT. For solutions containing SO,*", a
progressive decrease in interfacial tension was observed with increasing pressure, associated with the higher
solubility of CO, in low-salinity media. In systems with Sr?*, a non-linear trend was observed, with an initial
increase followed by a decrease in IFT at higher pressures, related to the balance between salting-out effects
and forced CO, dissolution. For systems containing anion-rich water, an initial increase in IFT was recorded,
likely due to carbonic acid formation and its dissociation products, followed by stabilization. Overall, ionic
composition, temperature, and CO, jointly modulate the oil/water interface, resulting in IFT reductions between
19.6 and 20.6 mN-m™ depending on the conditions. Understanding these effects provides insights for defining
operational parameters that favor interfacial tension reduction and oil mobilization, contributing to the
improvement of enhanced oil recovery techniques.
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