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Molecular simulation of the viscosity reduction mechanism of oil-soluble
viscosity reducers in tight reservoirs
Yu Shunchang (Material Science and Engineering)

Directed by Prof. Yan Youguo

Abstract

The poor mobility of oil in tight reservoirs leads to ineffective replacement of oil in the
nano-pore during water drive. Viscosity is the key factor affecting the mobility of oil in nano-
pore, and it is important to study how to reduce the viscosity of oil to reduce the resistance of
oil to enter the nanopore and enhance the replacement efficiency of oil. In recent years,
molecular dynamics has been widely applied in many fields due to its unique advantages on
probing microscopic processes. In this thesis, the viscosity reduction mechanism of oil-
soluble viscosity reducers on tight oil in bulk phase and nano-confined space is investigated
by using molecular dynamics simulation method, and the improvement of oil-soluble
viscosity reducers on the displacement efficiency of tight oil in nano-confined space is
verified. The concrete results of research are as follows.

(1) The viscosity reduction mechanism of oil-soluble viscosity reducers for tight oil in
bulk phase was revealed. The effect of oil components on the viscosity of tight oil was
investigated, and the bonding strength between oil components and droplets was analyzed. It
was found that the effect of different oil components on oil viscosity was different, and the
van der Waals force between dense oil molecules had a greater effect on the viscosity than the
electrostatic force. The effect of oil-soluble viscosity reducers on the viscosity and structure
of tight oil were investigated. It was found that oil-soluble viscosity reducers can effectively
reduce the viscosity of tight oil, making the alkane(n-C1s) molecules more porosity, reducing
the degree of aggregation of oil molecules and destroying the structure of oil droplets.

(2) The viscosity reduction mechanism of oil-soluble viscosity reducer on tight oil in
nano-confined space was clarified. The viscosity of tight oil in bulk and nano-confined space
was compared, and it was found that the nano-confined space increased the viscosity of tight

oil. The effects of different pore sizes and the functionality of nano-pores on the viscosity of



tight oil were studied. The results showed that the smaller the pore size of the nano-channels,
the higher the viscosity of the crude oil, the stronger the interaction between the pores and oil,
the greater the viscosity. The viscosity reduction effect of oil-soluble viscosity reducer on
tight oil in nano-confined space was studied, and it was found that the oil-soluble viscosity
reducer has better viscosity reduction effect on tight oil in smaller nano-pore than that in
larger nano-pore, and at the same time increased the viscosity of tight oil in nano-pore, and
the slip velocity when oil flows in the channel.

(3) The viscosity reduction effect of oil-soluble viscosity reducers on tight oil in nano-
confined space was verified. For an example of water drive, the water drive process of tight
oil was studied and divided into four stages: oil compression stage, oil entrying stage, smooth
charging stage and water breakthrough stage. The effect of oil-soluble viscosity reducers on
the resistance of tight oil in the water drive process was investigated. It was found that the oil-
soluble viscosity reducers could effectively reduce the resistance of tight oil in the oil entrying
stage and smooth charging stage, making tight oil more easier to be drived from the nano-pore,

improving the displacement efficiency of tight oil in nano-pore.

Key words: molecular dynamics simulation, tight oil, nanopores, viscosity, size effect
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Fig. 1-1 Distribution of pore throats of turbidite sandstone in the middle third member of Shahejie

Formation in Dongying Depression®*
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Table 1-2 Reservoir types and permeability of famous tight oil producing areas at home and abroad
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Table 2-1 Composition and ratio of 4 tight oil components

oy 2R VAN REae o7 HH Gy TR Jo 538
bk CisHz 137 212 45%
!k CeHi2 310 84 40%
% CioHs 46 128 10%
IR ) CsHs 45 68 5%

R 2-2 AMBEEWMAS R I135S 5

Table 2-2 Force field parameters of four tight oil components

Ji R q, e ¢, Kcal/mol 5, A
C(CHs-, CisHsp) -0.1800 0.0660 3.5000
C(-CHz2-, CisH3) -0.1200 0.0660 3.5000
H(C-H, CisHz) 0.0600 0.0300 2.5000
C(-CH2-, Cg¢H12) -0.1200 0.0660 3.5000

H(C-H, CsHi) 0.0600 0.0300 2.5000
C(=C-H, CioHs) -0.0600 0.0700 3.5500
C(=C-, CioHpg) 0.0000 0.0700 3.5500
H(C-H, CioHg) 0.0600 0.0300 2.4200
C(CHs-, CsHs) -0.1800 0.0660 3.5000

C(=C-, CsHs) 0.0000 0.0760 3.5500
C(=CH2, CsHg) -0.2300 0.0760 3.5500
C(=C-H, CsHg) -0.1150 0.0760 3.5500
H(=C-H, CsHs) 0.1150 0.0300 2.4200
H(=CH2, CsH) 0.1150 0.0300 2.4200
H(-CHs, CsHg) -0.1800 0.0300 2.5000
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Fig. 2-2 (a) Viscosity of each component of tight oil (b) Tight oil and viscosity after removal of a
component
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Fig. 2-4 (a) Van der Waals interaction energy between two components of tight oil model with any
two components mixed in equal proportions. (b) The electrostatic interaction energy between two
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Fig. 2-6 Electrostatic interaction energy of isoprene and naphthalene
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Fig. 2-7 Principle diagram for calculating the average force potential
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Fig. 2-8 Average force potential of each component of tight oil (shaded area is the internal region of
tight oil and its width is the radius of tight oil)
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Fig. 2-9 Viscosity change of the components of oil and after the addition of the oil-soluble viscosity
reducer
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Variation of radii of gyration of alkanes with time after addition of viscosity reducers
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Fig. 2-11 Plot of data on the variation of the tensor angle between the centre of gravity and the
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Fig. 2-12 (a) Atomic number density of tight oil in equilibrium (b) Atomic number density of tight oil
after the addition of the oil-soluble viscosity reducer
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Fig. 2-14 (a) Change in number of oil droplets over time (b) Change in droplet form and density over
time
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Fig. 2-15 Radial distribution functions between oil fractions (black and red curves show the radial
distribution functions before and after the addition of viscosity reducers respectively)
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Fig. 2-16 (a) Schematic calculation of the density distribution function (b) Radial distribution
function of the two oil-soluble viscosity reducer within oil
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Fig. 2-17 Van der Waals interaction energy inside oil before and after the addition of viscosity
reducer
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Fig. 2-18 Molecular electrostatic interaction energy between oil components after the addition of oil-
soluble viscosity reducer
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Fig. 2-19 The average force potential of alkanes in oil after adding oil-soluble viscosity reducer (the
shaded part is the change of oil droplet size after adding viscosity reducer)
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Fig. 3-1 Construction process of methylated silica nanopore: (a) SiO; unit cell cutting (b) SiO2 unit
cell rotation (c) SiO2 unit cell expansion (c) methylating the surface of the nanopore
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Table 3-1 Force field parameters of Methylated SiO,

JR R q,e ¢, Kcal/mol 5, A

O (Si-O-Si) -0.3000 0.2280 2.8600
Si (Si-O-Si) 0.6000 0.0400 4.0534
Si (Si-O-CH3) 0.4500 0.0400 4.0534
Si (Si-[0-CHa]2) 0.3000 0.0400 4.0534
O (Si-O-CHs) -0.1500 0.2280 2.8600
C (Si-CHy) -0.1500 0.0390 3.8754

H (Si-CHg) 0.1000 0.03800 2.4500
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Fig. 3-3 Changes of He position over time
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BEAT VRS Gnit, BASR I BENLECE A R 9T aa R P 3k 4T 3 AR, 45 3 A 7R AH 5
TR AL IR 3-2. A5 = URSEIRAE X 45 SR T 45 AR AH Tl (10 36 LB KB 3.484

mPa s.

K 3-2 HRARIRM 3 WREBIHRI SR

Table 3-2 Viscosity results of 3 simulations of bulk crude oil

S5 BIE % n (mPas)
1 3.146
2 3.604
3 3.702

K B2 PR 2 T8 A Lt 285 5 (R U5
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AR PLARAE 52 IR 22 8] I 3h 5 25 LA I B B B AR5, AR i
SEAT TGN K 32 R 22 18] 25 6] Pt A A AN PG o 9K AL I AR LE FLEE B IR
AR BRI ER, ZEBIARAEFEE S, NEREBRIL R 2B A 2 R
JEIA FAFEAR Z PSR ™ ™ o B ATRATIZE T 5252 BR 2 8] o s e 94 B 1) 286 52 B 1
Pz RS IR TR IR . H e, MRAETAE S5 R KR B SCRT 150 2 G0 4E K
(Navier) £ F2id 526 F RO RS ST KIE AR R UT

dv
= L .—Z -
(oo (3-3)
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ANIRE) I RAETAR P B IR JIB6RE . H R It I 9K 30 77 (4 5 15 TE IRt A
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Fig. 3-4 Velocity profile of 4nm methylated SiO, hanopores
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Fig. 3-5 Shear viscosity of nanofluid in confined space at different moments
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Fig. 3-6 Four kinds of methylated SiO. nanopore conFig. urations with different pore diameters
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Fig. 3-7 The position of the He plate in 4 different aperture channels
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Fig. 3-10 Viscosity value of oil in different pore diameter channels
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