Shear Viscosity prediction of Pure Molecules using molecular dynamic method
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Introduction

Asphalt pavement Is susceptible to extreme
temperature failure, such as cold temperature
cracking. Pyrolysized swine manure or switchgrass
can be mixed with the original asphalt to make
bioasphalt, which can improve the low-temperature
properties of asphalt on road pavement. In order to
understand the relationships between chemical
composition, microstructure and major physical and
mechanical properties of bioasphalt, molecular
dynamics simulations are useful for this. At the starting
stage, simulations were performed on 12 simple
molecules that contain common functional groups
typically found in bio-asphalt: sulfonated, oxygenated,
aromatics, aliphatic, etc. Running all atom molecular
dynamics simulations using LAMMPS package,
density and shear viscosity were predicted at in total
eight temperatures on each molecule to understand
their property dependence on temperature.
Consistent agreement with experimental data was
observed.

Simulation Method

After Equilibrating, several steps are
needed to accurately predict viscosity: _ Aostone 318K: Standard Eror

* Equilibrate in NVT (controlled volume
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* Intrinsic Viscosity: Y-intercept (O strain
rate)
Muller-Plathe Formulas [1]: Js(px) = —n — = =2
* Muller-Plathe Formulas [1]: =N =
L 2 5z 2tLyL,
_ny
* Can be Interpreted as[2]: "= 7
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+ Standard Error (precision) [3] SE=—;n = # of data points

Goal

ldentify molecule types that are contained in bio
matter and predict molecules that could enhance
asphalt cold-temperature properties.

Simulation Method
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Basic Molecules Simulated
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acetic acid acetone benzoquinoline 2-butanone
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M-cresol dodecane ethylbenzothiophene 1-ethyltetralin

el o

Hexadecane 3-pentylthiophene phenanthrene tetrahydrofuran

343 of each molecule was generated using Towhee OPLS-aa
force field [4]. Simulation was then equilibrated and physical
properties were predicted using LAMMPS (Dec 2015) [5].

Shear Viscosity
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Results and Discussion

Density of Pure Molecules

1.4
@ Butanone
1.2 ® Acetic Acid
1 g o : - : : e Acetone
— B ‘ " e furan
E * 9 s . . .
& 08 8 o ® * dodecane
%h hexadecane
T 0.6
a ® 1-ethyltetralin
0.4 e 3-pentylthiophene
@ Benzoguinoline
0.2 ® cthylbenzothiophene
. ® phenanthrene
200 250 300 350 400 450 500 @ m-cresol
Temperature [K]
Conclusions and Future Work
Findings:

* Density was successfully predicted

* Viscosity has an inverse relation, but results are not consistent
Plan:

« Continue simulating Basic Molecules

« Combine molecules into asphalt mixture and test effects

* Predict molecules effect on physical properties
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