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ABSTRACT

is named "wettability alteration". This is an important factor for enhanced

oil recovery (EOR). Because of their unique properties, nanoparticles have
attracted much attention for enhanced oil recovery. Despite promising results, the
main challenges of using nanoparticles are related to colloidal stability and poor
absorption of nanofluids under harsh conditions. In recent years, polymer-grafted
nanoparticles have been considered as emerging materials for enhanced oil recovery.
Methods: In this study, wettability and absorption of polymer-grafted nanoparticles
including silica nanoparticles modified by poly(ethylene glycol) methyl ether (mean
molecular weight 2000), silica nanoparticles modified by two polymers: poly(ethylene
glycol) methyl ether (mean molecular weights 2000 and 5000) and propyl chains are
investigated. Fourier transform infrared spectroscopy (FTIR) and thermogravimetric
analysis (TGA) were used to investigate the chemical bonding and polymer content
on the silica surface. Scanning electron microscopy (SEM), energy-dispersive X-ray
spectroscopy (EDS), water contact angle measurement, and UV-Vis spectroscopy
were also used to study morphology, material composition, wettability, and absorption
of the substrate, respectively.
Findings: Best performance for silica nanoparticles modified by polyethylene
glycol methyl ether (average molecular weight 5000) and propyl chains at 1000 ppm
concentration and salinity range 20000-40000 ppm was obtained. This study shows
that silica nanoparticles bonded to different polymers can be considered as an effective
and novel approach for enhanced oil recovery.

Hypothesis: The change in the wetting of rock from hydrophobic to hydrophilic
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Fig. 4. Zeta potential of modified nanoparticles with polymer.
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Table 1. Materials on the surface of glass bead, treated glass bead
by piranha solution, and hydrophobic glass bead (EDS test results).

Element | Glass Treated glass Hydrophobic
(Wt%) bead bead by piranha glass bead
C - - 52.36
e} 41.21 45.1 18.66
Si 52.09 54.9 28.98
Br 3.66 - -
Na 3.04 - -
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Table 2. Effect of nanofluids concentrations on the contact angle () and adsorption (q(t)) of glass bead and hydrophobic glass bead substrates (2 h surface modification

time at ~ 25°C).

Nanofluid concentration (ppm)
1000 2000 3000 4000 5000
©) mgg,) | © | (mgg,) | © | (mgg,) ) | mgg | © | mgg,)
PEGI1 80.2+3.6 0.1 74.3+4.4 0.5 72.5+2.3 0.7 70.3£3.3 0.7 69.3+3.3 0.8
Hydrophobic
PEG1/C3S 70.3£3.3 1.2 60.5+5.4 1.3 53.7+1.7 1.5 50.8+5.2 1.6 47.944.1 1.8
glass bead
PEG2/C2S 55.245.1 2 50.8£3.6 2.2 45.8+2.4 2.7 39.7+4.1 3 34.542.2 34
PEGI1 36.843.4 0.09 31£3.1 0.5 25422 0.6 23.542.4 0.7 22.9+2.4 0.7
Glass bead
PEG1/C3S 30.3+4.2 0.02 27.544.3 0.1 22.1+1.1 0.3 20.542.3 0.5 19.9+1.5 0.7
PEG2/C2S 25.244.1 0.5 23.6+5.1 0.9 20.4+1.7 14 17.5£2.7 1.6 14.5+3.1 2

s PEG1/C3S 5 PEGI1 Y+ ++ ppm YO°C ,» WWz Olel Ol ¥ h) g.er.L sladad als 5 glaid <ls glaa¥ 45 (qh) ol 5 (0) el asly » Kb clale 3= Jous
.(PEG2/C3S \+++ ppm

Table 3. Effect of salt concentrations on the contact angle (8) and adsorption (q(t)) of glass bead and hydrophobic glass bead substrates (2 h surface modification time

at ~ 25°C, 3000 ppm PEG1 and PEG1/C3S, and 1000 ppm PEG2/C3S.

Salt concentration (ppm)
) 5000 10000 20000 25000 30000 35000 40000 45000
Substrate Nanofluid
0 q* 0 q() 0 q(0 0 q(0 0 q(® 0 q(® 0 q(®) 0 q®
@) @) @) @) @) @) @) @)
PEGI 71.943.3 0.73 70.1+4.1 0.78 | 69.6+4.7 0.85 69.3+6.2 0.87 68.7+5.8 0.9 68+6.1 0.92 69+6.5 0.9 71+7 0.8
Hydrophobic
PEGI1/C3S 53.843.4 1.6 53.54+4.6 1.6 53+4.1 1.82 55+5.2 1.7 57.9+4.9 1.6 59.545.5 14 62.1+4.9 1.3 62.9+5.9 1.2
glass bead
PEG2/C2S 55.543.1 2 55+5.2 2.01 54+4.2 2.05 54.3+4.9 2,07 53.844.1 2.08 | 542459 | 2,01 54.9+5 1.98 56.846.1 1.93
PEG1 23.9+2.4 0.95 23.243.1 098 | 222433 1.01 22.243.1 1.05 22+2.2 1.1 22.8+3.1 1.06 23.9+2 1 25.5+4.2 0.98
Glass bead PEG1/C3S 21.5+1.7 0.83 21+2.2 0.89 20+£3.1 091 22427 0.8 24+3.1 0.77 | 24.8£2.7 0.7 23.5+1.1 0.68 25+5.1 0.62
PEG2/C2S 24.6+3 0.5 24.3+1.7 052 | 23.4+2.7 0.54 23.1+1.9 0.57 22.743.1 0.6 224435 | 059 | 22.3£3.6 0.61 24.444.7 0.53

*qO): mg/g,,
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Fig. 5. Results of SEM, EDS, and contact angle images of treated glass bead and hydrophobic glass bead modified by nanoparticles at
20000 ppm salt concentration (2 h surface modification time at ~25°C, 3000 ppm PEG1 and PEG1/C3S, and 1000 ppm PEG2/C3S).
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Table 4. Materials on the surface of treated glass bead and hydrophobic glass bead modified by nanoparticles at 20000 ppm salt
concentration (2 h surface modification time at ~ 25°C, 3000 ppm PEG1 and PEG1/C3S, and 1000 ppm PEG2/C3S).

Element Glass bead Hydrophobic glass bead
(Wt%) PEGI PEG1/C3S PEG2/C3S PEGI PEG1/C3S PEG2/C3S
C - - 44.71 68.54 62.18 47.07
¢} 33.96 9 30.34 17.43 2.73 30.68
Si 27.46 21.18 2291 10.04 - 20.28
Na 15.96 20.09 1.39 2.58 12.69 1.63
Cl 22.61 49.73 0.65 1.42 22.39 0.34
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