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Research subject: In situ synthesis of nanoparticles due to great-
er impact on production mechanisms (such as reducing oil viscosity),
uniform distribution of nanoparticles in reservoir fluids, no reduction
in formation permeability due to no injection of nanofluids into the
reservoir and also economic efficiency is more importance than other
nanoparticle synthesis methods which are used in enhanced oil recov-
ery (EOR) processes.

Research approach: In this study, the effect of in-situ synthesized of ce-
rium oxide (CeO,) nanoparticles at low temperature on the oil recovery
factor was investigated. For this purpose, water was considered as the
based fluid for dispersion of synthesized nanoparticles. Also, in order
to study the effect of nanoparticles concentration in the base fluid on
the final oil recovery factor, several nanofluids were prepared at differ-
ent concentrations of 0.01, 0.1, 0.25 and 0.5 wt.%. Finally, the prepared
nanofluids were injected at the injection rate of 0.07 ml/h up to 1 PV
into the micromodel and the amount of produced oil and the movement
of the injected fluid in the porous medium were analyzed.

Main results: The results showed that the synthesized CeO2 nanopar-
ticles in this study have appropriate performance to improve the oil
recovery factor. The presence of small amounts of these nanoparticles
(concentration of 0.01 wt. %), causes a significant increment in oil re-
covery factor (about 7%) compared to water injection alone. Also, the
oil extraction coefficient increased by increasing the concentration of
nanoparticles in the base fluid. So that for nanofluids with concentra-
tions of 0.01, 0.1, 0.25 and 0.5 wt.%, the oil recovery factor were 25%,
38%, 43% and 45%, respectively. However, by increasing the concentra-
tion of nanoparticles in the base fluid, from an optimal amount onwards,
the probability of particle deposition in the micromodel increased, the
effect of nanoparticles on changing the hydrodynamic properties of the
injected fluid and oil production mechanisms decreased.
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Table 1. Characteristics of used oils

Material Company Application
Crude oil Southwestern oil Synthesis reaction medium, saturation
Reservoirs of Iran of porous medium

Deionized (DI) water Water Quality Synthesis, washing and the dispersion
medium of nanoparticles

Ceric Ammonium Nitrate Merck Synthesis nanoparticles

Ammonium Carbonate Merck Synthesis nanoparticles

Toluene Merck Oil-wetting micromodel and
nanoparticle washing

Sodium Hydroxide (NaOH) Titracheme Oil-wetting micromodel

Tricholoromethylsilane Titracheme Oil-wetting micromodel

Methanol Titracheme Oil-wetting micromodel
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Nitrate in 3 ml

Centrifuge at 5000 rpm for 45
minutes and wash the
precipitate with water and
toluene

ﬁ Add the resulting solution to the

7ml crude oil and stir for 6 hours at
of ammonium carbonate,
solution at pH 9

Dry for 24 hours at 80 ° C
Stir and adjust the pH until obtaining a clear solution of
Ammonium Carbonate
Complex Solution of Cerium (IV)
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Figure 1. Schematic of in situ synthesis nanoparticle process
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Figure 2. Schematic of a fluid injection device in a micro model
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Table 2. Specifications of two-dimensional glass micro model

Dimension (cm)

Thickness (um)

Porosity (%)

Permeability (md)

6x6

60

38

890
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Figure 3. Results of oil recovery coefficient based on the pore volume of the injected fluid
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Figure 4. Results of the final oil recovery coefficient
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Figure 5. Movement of the injected fluid inside the glass micro model in 5 performances
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Figure 6. Microscopic images of a specific part of a glass micromodel
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