
Accepted Manuscript

Development and validation of a finite-rate model for carbon oxidation by atomic
oxygen

Krishnan Swaminathan-Gopalan, Arnaud Borner, Vanessa J. Murray, Savio
Poovathingal, Timothy K. Minton, Nagi N. Mansour, Kelly A. Stephani

PII: S0008-6223(18)30449-4

DOI: 10.1016/j.carbon.2018.04.088

Reference: CARBON 13125

To appear in: Carbon

Received Date: 28 December 2017

Revised Date: 14 April 2018

Accepted Date: 28 April 2018

Please cite this article as: K. Swaminathan-Gopalan, A. Borner, V.J. Murray, S. Poovathingal, T.K.
Minton, N.N. Mansour, K.A. Stephani, Development and validation of a finite-rate model for carbon
oxidation by atomic oxygen, Carbon (2018), doi: 10.1016/j.carbon.2018.04.088.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.carbon.2018.04.088


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Development and validation of a finite-rate model for carbon oxidation by
atomic oxygen

Krishnan Swaminathan-Gopalan1, Arnaud Borner1, Vanessa J. Murray1, Savio Poovathingal1, Timothy K.
Minton1, Nagi N. Mansour1, Kelly A. Stephani1,

aDepartment of Mechanical Science and Engineering, University of Illinois at Urbana-Champaign, Urbana, IL 61801, USA
bSTC at NASA Ames Research Center, Moffett Field, CA 94035, USA

cDepartment of Chemistry and Biochemistry, Montana State University, Bozeman, MT 59717, USA
dAdvanced Supercomputing Division, NASA Ames Research Center, Moffett Field, CA 94035, USA

Abstract

Molecular beam experiments of hyperthermal oxygen atoms scattering from a vitreous carbon surface

were simulated and analyzed using direct simulation Monte Carlo (DSMC). The purpose of this study was to

construct and validate a surface chemistry model in DSMC by matching observed features in experimental

time-of-flight (TOF) and angular distribution data. A variety of reaction mechanisms including adsorption,

desorption, and several types of Langmuir-Hinshelwood (LH) reactions are used to characterize the surface

processes in the DSMC surface chemistry framework. This framework is used to numerically simulate

the beam-surface scattering experiments of oxygen on vitreous carbon with surface temperatures ranging

from 600-2000 K. Detailed analysis of the experimental data including TOF and angular distributions, and

product fluxes derived from these data, is used to propose modifications to the carbon surface oxidation

model developed by Poovathingal et al. This revised model successfully captures the important features

in the experimental TOF distributions, including: (i) the impulsively scattered and thermally desorbed

components in the oxygen (O) TOF distributions, and (ii) the relatively slow long-tail components in the

carbon monoxide (CO) TOF distributions. Comparisons between the simulated (DSMC) and experimental

TOF and angular distributions, as well as product fluxes, show excellent agreement.
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