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Concentration-Behavioral, Adsorption, Flooding,
Relative Permeability Studies of CuO/TiO,/PAM
Polymeric Nanocomposite in Two Reservoir Lithologies

Hossein Bahraminejad, Abbas Khaksar Manshad*

Department of Petroleum Engineering, Abadan Faculty of Petroleum Engineer-
ing, Petroleum University of Technology (PUT), Abadan, Iran

Research subject: Nanomaterials are substances that, because of their
size, can easily penetrate small pores and apply their impact. Nanofluids
can allow appropriate wettability change in the reservoir rock, there-
fore, an accurate understanding of the behavioral mechanisms of these
nanofluids is important in changing the wettability. This is because if
there is no proper understanding of these mechanisms, they may exhibit
the opposite behavior and cause damage to the reservoir. In previous
research, Cu0/TiO,/PAM nanocomposite was synthesized and mecha-
nistically introduced.

Research approach: In this study, in continuation of the previous study,
the behavioral and mechanism study has been investigated in a more ac-
curate and documented manner, and spectral absorption tests, chemical
flooding, and relative permeability diagrams confirm the effectiveness
of enhanced oil recovery results of this nanocomposite. In carbonate
rocks due to the positive surface charge of the rock and the negative
charge of the nanocomposite, adsorption of nanomaterials in a double
electrode layer state has been suggested as the dominant mechanism
of wettability change. In sandstone rocks due to the charge coincidence
of rock surface and nanomaterials which are both negative, the mecha-
nism of disjoining pressure was the dominant mechanism of wettability
change. To prove the abovementioned behaviors 200 ppm concentra-
tion of nanofluid was analyzed by spectroscopy method of adsorption
analysis to validate the attraction forces of the nanocomposite with car-
bonate rocks and repulsion forces with sandstones.

Main results: Dynamic chemical flood tests were performed to con-
firm the effectiveness of this material in increasing oil production and
showed 8.5% and 6.35% increase in oil production for carbonate and
sandstone lithologies, respectively. Relative permeability diagrams
showed an intersection point in the carbonate system with a 10% in-
crease in water saturation and an intersection point in the sandstone
system with a 12% increase in water saturation and the behavioral ef-
fect of the material at the studied concentrations.
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Table 1 A review of previous studies on enhanced oil recovery application of nanoparticles

Authors Reference Materials Result
TiO, nanoparticles can alter the
wettability states from an oil-
Nowrouzi et al. [10] Tio,, MgO, y-A1203 wet state to a water-wet state,
meanwhile the increase in oil
recovery factor.
MeO and smart Addition of MgO into smart water
Assef et al. [11] g causes stronger wettability
water .
alteration.
Si0, able the wettability
Kapusta et al. [12] Si0, alteration from oil or mixed-wet
to water-wet conditions.
SiO2 could change the wettability
Maghzi et al. [13] Sio, from oil-wet to water-wet
conditions.
Al,O, shows weaker impacts on
Adel et al. [14] Al203 and SiO, increase of recovery factor when
compared with SiO,.
Adsorption of y-AL,0, on surface
Seid Mohammadi [15] ALO of calcite rock able the situation
etal. VALY of wettability alterations and
increase of recovery factor.
Naturally wet NWP nanoparticles have stronger
polysilicon (NWP) | impact on rock wettability, while
Roustaei et al. [16] and hydrophilic/ HLP nanoparticles have higher
lipophilic influence on reduction of oil-
polysilicon (HLP) water interfacial tension.
CuO nanoparticles are able to
Shah et al. [17] CuO NP increase oil recovery from heavy
oil reservoirs.
Iron oxide can increase the
Wu et al. [18] Fe,0,/Fe,0, recovery factor
under laboratory conditions.
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Table 2 Chemical and physical properties of used nanocomposite [19]

Hydrogen potential

7.5 - 6.5 for concentrations below
1500 ppm

Electrical conductivity range

630 - 490 ps/cm for concentrations

below 1500 ppm
o . .
Size of particles %90 of particles were sized below
40 nm
Weight loss if placoed in the 8.13 %
temperature 200 °C
Weight loss if placed in the o
temperature 300 °C 16.23 %
Crystallinity f’f TiO2 in the S —
nanocomposite
Crystallinity f’f CuO in the tenorite
nanocomposite
Color Darkish brown
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Table 3 Components of used light dead crude oil [19]
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E |5 & & |Eg 5| £ 8% 5 |8/ Lo8 g5 £

&) = 0 < N o ;oo = S| m O8 =8| 0O E =
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Fig. 1 Laboratory device for measuring contact angle to determine the wettability
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Fig. 5 Contact angle of the oil droplets on the surface of carbonate rock in nanofluid, at ambient temperature and
pressure (the angles measured after three hours of droplet stability on the rock surface) [19]
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Fig. 9 Results of the ultraviolet and visible wave absorption spectra for 200 ppm nanofluid and carbonate and
sandstone lithologies under ambient conditions and ambient temperature of 26 ° C at five different times after mixing
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terms of passed time after the moment of mixing under ambient conditions and ambient temperature of 26 ° C
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Table 4 Specifications of used cores in flooding experiments
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Fig. 11 Diagrams of the oil recovery and pressure curves in terms of the injected fluid amount at a pressure of 14.7
pounds per square inch and a temperature of 26 ° C, (C) represent the carbonate system and (S) represent the
sandstone system.
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