Nanoparticles have already contributed to the technological advances in a variety of
industries, such as medicine; electronics, biomaterials and renewable energy production,

etc., over the last decade. Recently, a new interest springs up with the application of

nanoparticle-based technology in the upstream petroleum industry. Large-scale molecular
dynamics simulations could provide fundamental understanding of the role of smart
nanoparticles on the upstream oil production, such as enhancing oil transport in micro/

nano-sized channel and the prevention of pressure-induced crack of cement sheath behind
—
the casing.
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ergy mix in near fut
a ble energy such as sola
power, mass/-fuel, and
energy, will experience
passing of the era of eas
creasing difficulty of finding new
resources, much attention of the traditional oil
and gas industry has been directed to extract
more resources from existing mature oilfields
and from the fields exposed to extremely harsh
environments by exploring new technologies
and solutions.

Nanoparticles defined between 1and 100 nano-
meters in size hold unexpected properties that
differ remarkably from those observed in bulk
materials primarily originating from the large
surface-area-to-volume ratio. Structurally, the
decreasing of particle size can directly result
in changes in spacing between atoms. This
effect is related to the compressive strains
induced by the compression of surface atoms
as a result of reduction of surface energy.
Small nanoparticles therefore adopt a
different crystal structure than their bulky
counterpart. Once the compressive strain
becomes critical, phase transformation

_..spontaneously occurs. From the chemical point

of view, size reduction changes the chemical
reaction ability due to the increase in surface
area to volume ratio. For example, the
utilization of nanoscale particle catalysis can
significantly enhance the rate, selectivity and
efficiency of chemical reactions, and simulta-
neously result in reduction of waste and
pollutiop__.HMoreover, a substance can dissolve
easily at nanoscale although may not be
soluble in water at micro scale. Mechanically,
NTNU nanomechanical lab demonstrated by
both experiment and molecular dynamics (MD)
simulation that there exists a strong size effect
in polymeric particles with diameters at
nanometer length scale. The source for the
increases in modulus is the increase in
relative surface energy for decreasing particle
sizes. Because of the unique properties of
nanoparticles, it is believed that engineered
nanoparticle can play a significant role in an
upstream oil and gas industry, including

move towards
all due to both van der
5 an bic force between nano-
particles and clay. This implies that the pres-
ence of nanoparticles changes the interface
properties between aqueous and clay due to a
new surface formation by nanoparticle. The
same phenomenon is observed for the cases
of nanoparticle placed only in oil or in water.
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al the effect of nanoparticles on the oil-
necks are r ough the nanochannel, three
One of the mos -~ cases 1d four nanoparticles placed
utilize the nanopartic in water phase of left reservoir were investi-
recovery efficiency of oil in the ~ gated, respectively. Figure 2 displays a typically
mainly reflects in theses aspects changing the - perspective snapshot of oil/water fluid with
properties of the fluid, wettability alternation  four nanoparticles in a clay nanochannel. It is
of rocks, advanced drag reduction, strength-  observed that the flow pressure of oil-water
ening sand consolidation, reducing the inter-  mixture with nanoparticle through the confined
facial tension and increasing the mobility of  nanochannel is found to be strongly channel
the capillary-trapped oil. MD simulationisa  size dependent. The presence of nanoparticles
powerful tool to understand the deformation  not only alters the dynamical and structural
and flow behavior of nanoparticles and its link  properties of oil-water-clay systems, but also
to the atomistic structures. A fundamental  enhances the oil-water flow through the nano-
understanding of the role of nanoparticles on  channel at a small nanoparticle concentration,
the oil-water binary mixture in a confined  which implies that nanoparticles can be poten-
nanochannel was studied by using MD simula- tially utilized for enhanced oil recovery. While
tions based on CLAY force-field. A set of the nanoparticle-free oil-water flow behaves
computational experiments in which hydro-  in a laminar flow manner, with the increase
philic silica nanoparticles mixed with an  concentration of nanoparticle the flow tends to
oil-water system confined in kaolinite clay = change from a laminar to turbulent type.
nanochannels were performed by MD The nanoparticle first slides along the clay wall
simulations. in a local low velocity with the process of break-
ing and forming hydrogen bonds, whereas it
rotates forwards in a local high velocity
aqueous environment, and escapes from the
attractive clay wall ultimately to enter into the
nanochannel.

We first examine the effect of nanoparticle on
a clay-oil-water system without a driving pres-
sure. Figure 1 presents initial and equilibrium
configuration snapshots of a clay-oil-water-
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Figure 1 Representative side-views of a clay-oil-water-nanoparticle multiphase system simulation box. (a) Initial configu-
ration, one nanoparticle in oil and one in water. (b) Equilibrium configuration, two nanoparticles stick to the clay wall and
stand in a water-surrounded environment. Green: water; red: oil; and blue: clay and silica nanoparticle
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