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Fig.1 The structural and energy parameters of optimized configurations of polymer additives
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Table 1 Simulation details of MM and MD

Forcefield Non-bond Simulation method Ensemble Simulation temperature Cut-off distance MM Optimization

Compass®  vdW, Coulomb  Atom-based*, Ewald* NVT 350 K 0.95 nm Smart minimizer

Convergence level Maximum interactions Energy deviation Thermostat Equilibrium steps  Production steps Time step
Medium 5000 20920.0 kJ-mol™ Berendsen 100000 100000 1fs

Frame output Initial temperature of annealing

Bottom temperature of annealing

Annealing scale Times of annealing dynamics

every 500 steps 1050 K

350 K 50 K 15

“ Simulation methods are respectively applied to calculate non-bonding interactions. “Atom-based” for van der Waals(vdW) interaction and “Ewald”

for coulomb interaction.
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Table 2 Binding energies between polymer additives and the two crystal growth surfaces of calcite(average value)
Cleaved surface plane  Polymer additives(scale inhibitors) — E.mpe /€V Eiymer 1€V (EpoiymertEutace)/€V AE/eV Eviniine 1€V
(110) PAA -3732.23 -13.61 -3702.65 -29.58 29.58
PMAA -3718.72 1.53 -3700.72 -17.99 17.99
AA-MA -3723.83 —-6.02 -3698.41 -25.42 25.42
(104) PAA -4081.91 -13.61 -4072.63 -9.29 9.29
PMAA —4075.60 1.53 -4072.02 -3.58 3.58
AA-MA -4075.31 —-6.02 —4068.66 —-6.65 6.65
*3 AFEIEEIEMREMEER(THE)
Table 3 Non-bonding interaction energies and deformation energies(average value)
Cleaved surface plane  Polymer additives(scale inhibitors) E.aw eV E ioms> 1€V Eronvona 1€V Einpotymer 1€V AE getormusion 1€V
(110) PAA 6.07 -49.58 -43.51 3.83 17.44
PMAA 6.19 -37.16 -30.97 18.73 17.20
AA-MA 5.78 -43.78 -38.00 10.31 16.33
(104) PAA 3.10 —22.54 -19.45 -3.43 10.17
PMAA 2.95 -18.47 -15.52 14.08 12.55
AA-MA 3.30 -18.05 -14.75 2.55 8.57
BRI & TR K ) Hrp Einapolymer ~ Epotymer SEFORHRAE . H RS
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Fig.3 The interactions between the most stable configuration of PAA and (110) crystal surface vary along with time
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(torsion:—90°) E =—15.75 eV E=-3.18¢eV

Configurations of isotactic PAA (left: free; middle: bound on (110);right:bound on (104))
4 PAA BREMKSABAFRERN MD HEEA
Fig.4 Interacting configurations of PAA with two crystal surfaces of calcite by MD
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Pair correlation functions of three polymers on calcite (110) surface
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Molecular Dynamics Simulation of Interaction between Calcite Crystal and Water-soluble
Polymers

ZHANG, Shu-Guang SHI, Wen-Yan LEI, Wu XIA, Ming-Zhu WANG, Feng-Yun'
(Department of Chemistry, Nanjing University of Science & Technology, Nanjing 210094)

Abstract The interactions between three kinds of water-soluble polymers, i.e. polyacrylic acid (PAA),
polymethylacrylic acid (PMAA), and acrylic acid-methyl acrylate copolymer (AA-MA), and calcite crystal have been
simulated by molecular dynamics (MD). The results show that the orders of binding energies for three polymers with
two calcite crystal surfaces are PAA > AA-MA > PMAA, and the interactions of polymers with calcite (110) face
are significantly stronger than those with (104) face. The binding energies are mainly determined by coulomb
nteraction by analysis various interactions and the pair correlation functions of the systems. Polymers deform
during their combining with calcite crystal surfaces, and the deformation energies of polymers on (110) face are
about 2 times as those on (104) face, but all of them are far lower than respective nonbonding energies. The
dynamics behaviors of carboxyls at different positions of polymer chains are widely different. Carboxyls at the end
of chains oscillate more rapidly than those in the middle, so the middle ones hinder scale crystal growth more
effectively than the end segments because they combine with calcite crystal more firmly.

Keywords: Molecular dynamics, Water-soluble polymers, Calcite, Scale inhibitors, Binding energy,
Pair correlation function, Deformation energy
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