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Abstract This paper mainly simulates the interactions, in way of molecular dynamics, between four kinds
of carboxylate copolymers, such as acrylic acid-methyl acrylate copolymer (AA-MAE), acrylic acid-
2-hydroxypropyl acrylate copolymer (AA-HPA), acrylic acid-maleic acid (AA-MA), hydrolysed polymaleic
anhydride (HPMA) and (110) crystal surface of calcite crystal. The results show that the orders of binding
energy of the four polymers with (110) crystal surface are as follows: AA-MA>HPMA >AA-HPA >
AA-MAE, while the analysis of various interactions and radial distribution functions of al systems indicates
that binding energies are mainly provided by coulomb interaction including electrovalent bond and a spot of
hydrogen bond. Polymers were deformed during their combination with calcite crystal surfaces, with the
deformation energies of polymers far less than respective nonbond energies. The dynamics behaviors of
carboxyls at different positions of polymer chains are widely different. Carboxyls at the end of chains oscil-
late more rapidly than those in the middle, therefore the middle ones have more effective scale inhibitor abil-
ity than the end segments because they combine with calcite crystal more firmly.
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Figure 1 Structures and energy parameters of optimized con-
figurations of polymer additives
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Figure 3 Interacting configurations of polymers with (110)
crystal surface of calcite by MD
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Tablel Binding energies between polymersand (11 0) surface of calcite (average value)

Polymer additive Ecompled €Y Epolyme/€V Epolymer T Esurfacd/ €V AE/eV Ebinding/€V
AA-MAE —1621.52 0.91 —1587.08 —34.44 34.44
AA-HPA —1633.62 1.12 —1593.51 —40.11 40.11
HPMA —2447.63 1.09 —2400.04 —47.59 4759
MA-AA —2470.57 —0.18 —2406.39 —64.18 64.18

X2 AEBEAH AR H RERTR AL fe (CF I {H)
Table2 Non-bond interaction energies and deformation energies (average value)

Polymer additive AE gn/€V AEcouiomt/€V AEon-bond/ €V Eping-polyme/ €V AEgeformation/ €V
AA-MAE 4.63 —46.02 —41.39 9.06 8.15
AA-HPA 6.45 —52.86 —46.41 9.76 8.64
HPMA 2.16 —52.12 —49.96 6.43 5.34
MA-AA 1.41 —7191 —70.50 8.38 8.56
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Figure 6 Fluctuation charts of two carbonyl-containing dihe-
drals of AA-MAE in MD simulation (300 frames)

D1: middle dihedral of polymer chain, D2: terminal dihedral of polymer chain
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D1: middle dihedral of polymer chain, D2: left terminal dihedral of polymer
chain, D3: right terminal dihedral of polymer chain
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