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Research progress and prospect of quantum dots in enhanced oil recovery
HOU Zhaowei'?, LU Shouliang', WU Guopeng', LANG Wei', LU Yi', LI Xing', LI Xiaowei', JIA Han’, WANG Zhe’

(1. Exploration and Development Research Institute of PetroChina Daqing Oilfield Co., Lid., Daqing, Heilongjiang 163712,
China; 2. State Key Laboratory of Continental Shale Oil, Daqing, Heilongjiang 163712, China; 3. Shandong Key Laboratory of
Oilfield Chemistry, School of Petroleum Engineering, China University of Petroleum (East China), Qingdao, Shandong 266580,

China)

Abstract: Nowadays, the issues of high water cut in old oilfields and the growing demand for development of unconventional resource were
evident, and the traditional oil displacement technology is facing efficiency bottlenecks. The low—permeability reservoirs possessed abundant
geological reserves and significant development potential. Nevertheless, their intrinsic properties, including low porosity, low permeability,
strong heterogeneity, and complex pore structures, generally result in relatively low oil displacement and overall recovery efficiencies.
Nanomaterials were widely applied in the petroleum industry, especially for enhanced oil recovery (EOR). However, conventional large—sized
nanoparticles struggle to migrate efficiently through the micro—pore throats of low—permeability reservoirs and are prone to aggregation under
harsh conditions like high temperature and high salinity, limiting their effectiveness. As the typical zero—dimensional nanomaterial, quantum
dots (QDs) typically possess extremely small physical sizes, ultra—high specific surface areas, massive surface atom ratios, and abundant
surface chemical functional groups. These structural characteristics endow them with an excellent size match with the pore throats of tight
reservoirs, exhibiting superior monodispersity and migration ability, which provides them with greater advantages in enhancing the recovery
of low—permeability reservoirs compared to traditional nanomaterials. The present review systematically summarized the types of QDs used
for EOR and the current research progress in recent years, and their EOR mechanisms were revealed. Compared with conventional

nanoparticles, QDs demonstrated superior capabilities in interfacial activity and wettability alteration. Finally, the future prospects of QDs in
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EOR applications are discussed. At present, QDs still remained at the laboratory research stage. Further advancements are required before

industrial implementation, including breaking through key technical bottlenecks such as low—cost scalable green synthesis, elucidating flow

mechanisms in complex environments, and achieving intelligent, stimuli-responsive functional designs, to promote their engineering

applications in unconventional oilfield development.

Keywords: quantum dots; low—permeability reservoir; enhanced oil recovery; interfacial activity; wetting behavior
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Table 1 Researches on carbon quantum dots for enhanced oil recovery
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Carbon quantum dots emitting fluorescence under UV illumination and microscopic visualization of oil displacement (Adapting from

Table 2 Researches on silicon quantum dots for enhanced oil recovery
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Fig. 2 Application of silicon quantum dots to enhance oil recovery in low—permeability reservoirs (Adapting from cite [38])
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Table 3 Researches on graphene quantum dots for
enhanced oil recovery
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Fig. 3 Application of graphene quantum dots in stabilizing foam

for enhanced oil recovery (Adapting from cite [54])
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