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1. Introduction

Natural gas (NG) consists mainly of methane, which has hydrogen to carbon ratio higher

than any other molecule used as a primary fu@l all hydrocarbons N@as the highest

energy density per unit mass and the lowest carbon dioxide emission per unigygner

making it an effective and relatively clean alternative for energy applications, especially
when considering its lower cost compared to gasoline. Unfortunately, the low density

of methane compared to liquid fuels makes its storage more difficult, iregy
compression at very high pressurge{ Hpn o0FNJ F oXcnn LBAAIE 02
liquefaction at very low temperaturesT(F bwmcH ¢/ X €AldzZSTASR b
alternative increases significantly the cost of operation both in terms of production
(energy costs, equipment, safety) and storage (bulky tanks and/or cryogenics). In
particular, for the case of vehicular use, the use of CNG employs heavy bulky tanks,

significantly reducing the available cargo/passenger space.

A promising alternative iso store the fuel as adsorbed NG (ANG). This is possible
through physisorption of a gas into a suitable porous solid, designed to hold the fuel at
NBfFGA@GStE & 26 LINS A& a)dzNGhy povoSsindie>have puffidentNI F

volumetric storageability to store NG at densities comparable to a Roghssure CNG



tank. The lower operational pressure allows thinner tank walls and a convenient shape
[6], resulting in potentially significant cost savings, improvements in safety and reduced
cargovolume loss.The difference between storage capacities of adsorbent filled tank

and empty tank is shown in Fig. 1.

100.0 T

Adsorbent Filled Tank (ANG)

Methane Capacity (g/1)

Empty Tank (CNG)

1.0 15 2.0 25 3.0 3.5
Pressure (MPa)

Figure 1 Methane storage capacity per liter of adsorbent as a function of pressure. At
pressure equal 3.5 MPa nearly 100 gnafural ga can be storedn a tank filled with
adsorbent such as activated carbon. The same amount of condensed natural gas (CNG)
canbe storedin an empty tankat pressure about 17 MPa.

Carbonbased naneporous materials appear to be one of the most attractive
candidates for room temperature ANG storage for various reasons: (fcésu (i) no
toxicity, (iii) high availability; i) low weight; and \{) the fact that isosteric heats of
adsorption for methane in activated carbon is¢28 kJ/mol (2,2062,400 K)[15],[11],
veryOf 2aS8S (G2 GKS ahLIiAYdzy / 2yRAGAZ2Y A [5F2 NJ !
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Some of the best perforing carbons have been mafactured from organic wastes
such agorn cob, sed-ig2 [18], and a broad range of experimental methods have been
appliedto characterize such materialsge[25] and references therein Furthermoe,

an understanding of the adsorption mechanism and kinetics at the microscopic level
comes from numerical simulations. Monte Cafl®],[3] and Molecular Dynamicf9]
methods have been applied to analyze a wide range of aspects: isotherms of adsorption
[23], interaction energieg24],[2], methods of adsorbent structure approximations

[20],[7] and migration of gas molecules into and out of the slit volufi&$

Figure 2. Nanoporous matgal for vehicular applicationom corn cob to monolith in
tank. [18]



Despite all the progress in understanding methane adsorption, very little has been done
to understand how other important components of NG act in an ANG setup. Since
methane (and other alkanes in NG) is flammable and potentedplosive, significant
safety considerations must be satisfied for common use. Methane is odorless therefore
it has to be odorized. Typically about 200 ppb of mercaptans are added. Such
concentration enables detection of gas in air when the concentratbmNG reaches
1/5™ of the lower explosive limit (5% by volume in air at 200C, see, f]y., To the

best of our knowledge there are no studies on mercaptans in the context of ANG
systems. On the contrarymost current studies of ANG systems are focused on
completely removing mercaptans from gas mixtures (e.g., leyeasing mercaptan
captivation in chemically modified carboi]). It would seem inconceivable to us,
however, that a significant deployment of ANG could be achieved without the basic
safety mechanism of human detection of Ngaks from an ANG system. Therefore, in
this work we present a detailed computational effort of the behavior of methane
mercaptan mixtures in nanoporous carbons. Our results indicate that although
mercaptans adsorb preferentially as compared to methaheytstill are able to migrate
with relative ease within subm pores, and that the adsorption is reversible. We
estimate that a modest increase in the concentration of mercaptans in NG (prior to
adsorption) will be sufficient to permit a desorbed phaseré&tain the amount of
mercaptans above the human detection threshold. Our conclusions further indicate
that mercaptans should not pose a major problem contaminating/clogging the

adsorbants, thus their use should be possible in ANG systems.



2. Simulation nethod: Molecular Dynamics

Molecular Dynamics (MD) simulatio21] provide apowerful tool for equilibrium
predictions of complex, multiatomic systems. Based on statistical mechanics this
computational approach gives the insight to dynamical processes which cannot be
calculated analytically and accounts for an important complemgntachnique to the
experimental measurements. The tirgependent evolution of the system, predicted by
MD simulations, provides outlook on the continuous motion (set of trajectories) of
molecules under investigation. Numerical data gathered during theutaions can be
used to derive macroscopic properties which can be compared to the experimental

measurements.

In order to run MD simulations there are several steps that have to be followed. First it
is required to initialize the system by setti@g initial configuration (at timet = 0).
Initially, the energy of the system is minimized with respect to the molecular
coordinates; therthe initial velocities are assigned and the dynamic equilibration of the
system begins. This means that the forces actim the atoms are calculated (after
SOSNE GAYS aGSLW yR SIFIOK 2F GKS lG2Ya

energy of the system fluctuates about constant value throughout the simulations the

T2



trajectories can be analyzed'he details on the maisteps of MD simaitions are given

in section.1-2.4.

2.1. Initialization

In order to start the MD simulations it reecessaryo set initial coordinates of particles,
which requires basic knowledge on molecular interactions and chemical bondihgn

the configuration is build, the program assigns the velocities to each atom so that the
total momentum equals zeroand the velocities are then rescaled to satisfy the
equipartition theorem, i.e. that the average kinetic energy per degree of freedom

follows

£ao 0 Loy @

wherev isa component of velocity of a given particle. During simulations of the system
consisting ofN particles the total kinetic energy undergoes fluctuatiottserefore its
averagedefines aninstantaneougemperature:

(2)

auv o
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In order to obtain the desired temperature at time t, thelocities are scaled by factor

[T/ T(t)] 2.

2.2. Force calculations

For each pair ohtoms wthin a cutoff distance (dependent on thmteraction potential
between them)the forces are calculated. Thistlee mosttime consuming part of the
simulations, since for system odf elements there ard\N*(N-1)/2 pair distances. The

component of the force:

©)

(4)



2.3. Verlet algorithm

The Verlet algorithm is used for the approximation of the positions of particles of
simulated system in the nexime step. The popularity of the approach is mainly due to
its simplicity and the fact that it leads to a little lotgym energy drift throughthe

simulations.

ATaylor expansion of the coordinate @particle around time:

e i e QO Yo o
PO YO PO WOYO —Y0 —b U Y0 h
ca oA (5)
o s s ae. QO YO,
PO YO PO WOY0O —Y0 —b U YO0 8
ca oA (6)
Addingup these equation leads to:
T, . Qoo L o
PO YO PO YO ¢pO —/—YO0O U YO h
a (7)
or
L o QO
PO Yo cpO O YO ——Y08 8)

The estimation of new positiortaus hasan error of the ordem i wheren is the time

step.



At this point it is possible to obtain the velocities:

po Yo o Yo cb0O UG Y0 h

(9)

or

¢Yo (10)

Moving the algorithm forward into the next time stehe current positions become old

ones and the new positions become current.

2.5. Periodic boundary conditions

In general, one is limited tgimulation boes of relatively smallsize Unless surface
effects are of particular interest, periodic boundary conditions (PBGyhich there are
no edges,are usedto better approximate the conditions in large systenThe total

energy of the computed system with PCB is calculated according to the equHtjon (

<

N o
oy
g
=y

(11)
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where Ny is the number of molecules at any periodic bbxs thelateral dimensiorof
the periodic box an@stands for an arbitrary vector of 3 integer numbers, among which

the prime over the sum indicates that the term withj is to be excluded whe#&= 0.

Of course, it is important to bear in mind the imposed artificial periodicity when
considering properties which are influenced by lommgnge -correlations. Special
attention must be paid to the case where the potential range is not short: for example

for charged and dipolar systems.

OOO QOQ QQQ
e ° e © o ©
o, cle_olo_o
o °|l o ®| o ©
OQQ OQ@ OQQ
e °|l @ © o ©

L

Figure3. Two-dimentional periodic domain showing unit cell (lretcenter of the
scheme) and its images (surroundimgplicasg.

In a system of molecules adsorbed on the planar surface, the PBC in two dimersions,
andy, are applied (Fig), while the third,z, direction is open, i.e. having no boundary

conditions. his convention is known adab boundary conditions
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3. Simulation setup

As a model for activated carbon we considered grapHeased slit pores and
performed Molecular Dynamics (MD) simulations in the canonical ensemiMd).(A
parallel MD code, NMAD, [19] was applied, with time step equal 1 fs. A simulation box

of 14.0 nm x 10.0 nm X8 whereH s the pore width, contained the adsorbent and gas
molecules aslepicted in Fig4. Periodic boundary conditions were used in all directions.
The simulation box contained three parallel layers of graphene of dimensions 10.0 x
10.0 nnf, each pair of sheetseparated byH = 0.7 nm (graphene center to center
distance). Such configuration of the box was deliberately chosen for three reasons. First,
it allows observing and quantifying the adsorption at the pore edges which is totally
missed in the simulation Wi infinite pore walls. Second, the free box space (outside the
L2 NBUO ff2ga (GKS Y2fSOdAZ SaQ YAINFrGA2Yy 0S¢
cannot be observed if the pore wall surface is infinite. Lastly, a pore width of 0.7 nm
maximizes the adseption potential depth, thus making it the most critical in terms of
studies of adsorption reversibility. The systems were allowed to stabilize for 5 ns before
the production runs began (checked for equilibration by verifying energy stability in a

function of time). The properties of the system were obtained from the last 0.5 ns of the

11



simulations. Since MD operates in the canonical ensemble the pressure of the gas must

be determineda posteriorifor each run after equilibration is achieved.
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Figue 4. Side view of the 14.0 x 10.0 x 21.0%hsimulation boxcontaining three
graphene sheets (blue circles), methane (small green circles) and methyl mercaptan
(larger, blue and yellow circles). The graphene sheets are 10.0 x 10.0 nm2, leaving space
for a gas phase in equilibrium with the adsorbed phad¢he initial placement of gas
molecues beyond slit volume. Igabilized system. Periodic boundary conditions were
used in all directions

The simulations procedure is as follows: The initial condition (Fig4. a.) consisted of

a random placement of methane and mercaptan molecules in the volume outside the
slits. Depending on pressure and temperature, the analyzed systems contained 1,836 to
2,550 T =195 K, dry ice temperature), 1,326 to 2,043=(298 K, room temperature),

and 1,224 to P38 T = 320 K) gas molecules in a constant proportion (98% methane,

2% methyl mercaptan). At energetic and conformational equilibrium (#ig) gas

12



molecules adsorbed within slits and on the pores edges amdesremained in gas
phase in the volume outside the slits. This is shown schematically iB gpjection

along they direction). The amount of adsorbed molecules was calculated from the
coordinates of molecules for each frame in the simulations. Theogudion isotherms

were calculated and averaged over the frames of the production runs. The analysis of
methane and mercaptan trajectories and es# interaction energies were also
obtained from the last 0.5 ngf simulations. Pressures were obtained from the density
of molecules in the gas phase (ixes 1 nm andk > 13 nm in Figh) using the ideal gas

law.

x-direction [nm]

0.0 05 1.0 15 2.0
x-direction [nm]

Distribution of CH4 molecules

b)

Figureb. a) Gas distribution on the edge of a typical slit. b) Corresponding density profile
of molecules in xdirection (outside the slit, x < 2 nm).

13



4. Choice of force field

Several force fields (sets of interaction parameters) are available in literakoe.
simulations presented in this chapter, the initial search through available
documentation focused on three most standard force fields: OPLS (Optimized Potentials
for Liquid Simulationg)Ll2], CHARMM (Chemistry at HARvard Molecular Mechghg]s)

and TraPPE (Transferable Potentials for Phase Equ[lldfiaCHARMM was originally
parameterized to describe large biological systems such as proteins and lipids. The
description of small molecules, including mercaptans, is netipe and some of the
angular parameters are missing. Additionally, this force field does not provide data for
United Atom approach. TraPPE gives the United Atom parameters for most organic
compounds, but the All Atom description of heteroatomic systems hat been
developed. The OPLS force field contains all interaction parameters for both methane
and methyl mercaptan, in both AA and UA approaches; therefore it was chosen to
describe the interactions in our simulations. The schematic comparison of the
avalability of interaction parameters for simulations of methameetyl mercaptan

mixture in carbon nanopores is presented in Table

14



Tablel. Comparison of features available in analyzed force fields.

All Atom | United Atom | Remarks
OPLS + +
CHARMM + - No angular parameters for short mercaptar
TraPPE +/- + AA parameters for mercaptans not availab

The United Atom (UA) approach was used. The interaction components for simulations
of methane molecule accounted for in AA adé approaches is presented iabl2. A
significant reduction of interactions (and corresponding parameters) in UA simulations
leads to a Hold reduction of the simulation time with respect to timand resource

consuming All Atom (AA) simulations.

Tabk 2. Comparison of number of interaction components considered in United Atom
and All Atom representations of methane.

All Atom United Atom
Methane o
# of sites 5 1
# of bonds 4 0
# of angles 6 0
# of dihedrals 0 0

In OPLRJA representation methane molecule is described as a single sipen.
Methyl mercaptan consists of three units:-@H supeaatom, sulfur atom and explicit
hydrogen atom in the thiol group (see Fi§). Norbonded solidfluid and fluidfluid

interactions were modeled by a Lennaddnes (1) potential and calculated with a 1.5

15



nm cutoff. Partial chaes of individual atoms/speratoms were included, but

polarizationwas not taken into account

H atom @?

'CH3
superatom

Figure 6. OPLSJA representation of methane (left) and methyl mercaptan (right).

It should be noted, that NAMD package uses the analytical form of potential functions
which isdirectly compatible with CHARMM and AMBER force field notation, but not
with the OPLS formalism (EQ). Therefore, the OPLS parameters had to be rescaled to

match the equations implemented in NAMD code (E3).

) R h
Yigfho or-h —hﬁ— —hh— h
il i (12)
> K e Qﬁﬁ th “
Yi ﬁh - h e C P h
'h 'R (13)
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where dj= Sij(2)1/6. The set of notbonded parameters used in MD simulations is given

in Table3.

Table3. The OPLSA force field norbonded parameters in UA and AA approaches
used in MD simulations.

United Atom " [nm] 5 K[K] qle]
CH superatom 0.373 148.045 0.000
S (SH) 0.335 125.889 -0.450
H ¢SH) 0.000 0.000 0.270
-CH superatom 0.378 104.236 0.18
C (graphene) 0.340 28.000 0.000
All Atom * [nm] 5 K[K] qle]
C (Ch 0.312 33.235 -0.240
H (CH) 0.220 5.107 0.060
S (SH) 0.355 125.889 -0.335
H ¢SH) 0.000 0.000 0.155
C (CH) 0.350 33.235 0.000
H (CH) 0.250 15.107 0.060
C (graphene) 0.340 28.000 0.000

Figure7.a shows specific ways of placing methane molecules over graphitic surface. The

two most distinct configurations of All Atom methane over the graphitic surface are: 1)
GONRLI2R R2¢6y¢ 2NASYGFdGA2yY O60GKNBS KeRNRISY
andH 0 & O NAX L2 R -dytidigendand iS dir€ctedNf@peafidicular to the substrate

and three remaining hydrogen atoms placed furthest from the surface). In case of
United Atom representation the -&tom molecule is considered as a spherical

superatom, theefore it is impossible to distinguish real molecule orientation; therefore

17



its location over the graphite surface is characterized by only one parameter, the

RAaAGlIYOS 0SisSSy Y2t SOdzZ SQa OSYyaGSNI 2F Yl aa

AA AA UA
tripod tripod
down up

< O

~ \

o \

qC) -500 \‘

5 |

S \

= -100071 | |\ /' OPLS-AA tripod up
@ 7~ OPLS-AA tripod dow
5 OPLS-UA

£ .1500{

03 04 05 06 07 08
Distance from graphite [nm]

Figure7. a) All Atom representation of methane: tripod down, tripod up and United
Atom molecule, b) Comparison of the interaction energies between three
representations.

18



Figure7.b compares the methangraphite interaction energies as a function of distance

of methane center of mass (central carbon atom in AA representation) from graphite, in

three configurations specified above. The Lenrdmdes 1 form of potential with

OPLS parameters was used, with a cutoff equal 1.5 nm. As it could be expected, the
strongga i AYOGSNI OlAzy HAGK adzoadNIGS Aa 20aSN
GKAES Ay GKS OIFasS 2F (GKS AGUNARLRZR dzZLJX 2NAXS
smallest. The energy minimum for UA model is placed in between the two extreme AA

situations.

Figure 8 compares the methangraphite interaction energies calculated using OPLS
parameters with data available in the literatuf8],[8],[2],[16]. Two configurations are
FylFfel SRY aiNRLR2R Fupany WA approkimationFaR nOdths CA I b
cases the OPLS ntwonded parameters were implemead into Lennarelones 126

potential while the referenced solifluid parameters were inserted into the Steele-40

4 potential. No significant difference between the literature data and our calculations

has been found. Strong overlapping of the plotsisble. This confirms that the ORLS

AA and OPLBA parameters are consistent with force field parameters previously used

in numerical studies of methane adsorption and aotganisation on graphite.

19
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Figure8. Comparison of methargraphite interaction energy calculated using OPLS
parameters with selected data available in literature: a) AA approach, b) UA approach.
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We have also verified if the increase of the strength of methsiméace interaction with
increasing number of graphene layers forming the substrate is correctly reproduced
when OPLS parameters are used. Figighows the variation of methansubstrate
interaction in both UA and AA models when successive graphene layers are added.
There is no significant change in gadstrate interaction energy when the substrate
contains a stack of three or more graphene sheets. This result is consistent with the
literature data showing that to simulate interactions of molecules with infinite (in
depth) graphite surface it is sufficient to model the graphite using only four layers of

graphene, at least if the cutoff of interactions is equal 1.5 nm.
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Figure9. Energy of methane interaction with 2, 3, and 4 layers of graphene:@\
representation of methaney) AArepresentation of methanétripod down
configuration.

The simulations were carried out at 195 K (below tbéibg point of methyl mercaptan,
279 K), at 298 K and 320 K. In order to verify the choice of force field parani@ters
methyl mercaptan test simulations of gas mixtures without graphene were first
conducted. Two molar fractions of thiols were choser06 and 0.019 and systems

were equilibrated at the three chosen temperatures. At room temperature and 320 K

22



the mixtures of gases are homogeneous at bittiol concentrations. At 195 K and high
methyl mercaptan content the odorant molecules aggregate. (Fign), but is absent at
the lower thiol concentration (~2%, Fi$j0.b). These results are reasonable and give

additional credence to the parameters and methods employed.
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Figure 10. Snapshots of methyl mercaptanethane mixture at 195 K (below its boiling
point) and molar fractions of CH3SH equal a) 0.065, b) 0.019. Aggregation of
mercaptans at the higher concentration is seen. For clarity only CH3SH molecules are

shown.
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5. Results and discussion

5.1. Adsorptionisotherms

Figurell shows the adsorptionsothermsof mixtures of methane (98 %) and methyl
mercaptan (2 %) in slghaped graphitic pores separated by 0.7 nm, at 195 K, 298 K and
320 K. In all cases we obsemignificant adsorption not only in the space between the
graphene sheets (inside the slhaped pores, black curves), but also on the edges of
the pores (red curves). The significance of eddsorption is evident, giving about 1/3

of the total mass adsted (blue curves) for the geometry under consideration.
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195 Kp) 298 K, c320K.
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5.2. Adsorptionenergy: maximum value and fluctuations, mobility

In this section we present the analysis of plots of sfiidl interaction energies as
functions of simulation frame number (1 frame = 100 fs) for methaared methyl
mercaptangraphene pairs separatelyt 495 K, 298 K and 320 K and various pressures.
For each system considered the strongest interaction energy is observed when gas
molecule is present between two graphitic sheets. The values of the strongest
interaction energies between metharibstrate a methyl mercaptarsubstrate pairs
(averaged over the number of molecules) are presented in TéblEluctuations of the
interaction energies are coupled with capability of both methane and mercaptan to

migrate between the gas phase and inner volume ef $ht (Figs12 and 13).

Table4. Energies of the strongest gasbstrate interactions.

196 K | Methane | Thiol 298 K | Methane | Thiol 320 K | Methane | Thiol
Pressure| Energy | Energy| Pressure| Energy | Energy| Pressure| Energy | Energy
[bar] [K] [K] [bar] [K] [K] [bar] [K] [K]
6.5 -2,367 | -4,056 21.0 -2,299 | -4,101 16.2 -2,422 | -4,147
21.5 -2,264 | -4,052 48.8 -2,300 | -4,096 33.7 -2,422 | -4,147
48.1 -2,178 | -3,993 99.5 -2,155 | -4,071 71.5 -2,421 | -4,147
113.0 -1,956 | -3,939 | 167.0 -1,917 | -3,982 | 215.0 -2,419 | -4,146
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a 0.7 nm pore. However the thiol group interacts more strongly with the graphene
(nearly 2 times stronger compared to methagephene), which could hinder its
motion and makethe mercaptan adsorption irreversible. Given the small humber of
mercaptans (and, in consequence, poor statistics for that component of the mixture), it
is difficult to obtain reliable adsorption/desorption isotherms for this component. We

thus focused o performing an energetic and dynamical analysis of the gas reixtu

Figures 12 and 13 show the time evolution of the interaction energy between
representative methane (Figl2) and methyl mercaptan (Figl3) molecules and
graphene slits at lowest antighest pressures achieved at each simulatemperature,

e.g., 6.5 bar and 206 bar at 195 K, 14.1 bar and 167 bar at 298 K, 16.2 bar and 215 bar at
320 K. In all cases methane molecules reveal dynamical behavior, and mobility increases

as the gas presseatlincreases due to saturation of the deepest adsorption sites.

The methyl mercaptaisubstrate interaction energies also fluctuate significantly
throughout simulation time, even at temperature as low as 195 K {B)g. Despite high
substrateadsorbate iteraction energy, mercaptan molecules remain mobile and
change their positions with respect to the slit. More significant energy fluctuations
appear at room and higher temperatureThe mercaptargraphene interaction energy
for some representative moleces was correlated with the changes in the center of

mass positions for the odorants in tlzelirection.
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5.3. Diffusion in adsorbed methanenethyl mercaptan mixtures

5.3.1. Graphene surface

We first analyzed trajectories of molecules in a reference system, consisting of a single
graphene plane. In this case the simulation cell, similar to that depicted in4Fig.
consisted of two graphene plates separated by 10.0 nm, therefore considered as
isolated surfaces. Figudl shows typical trajectories of mercaptan adsorbed in such
system. At low temperatures and low pressures mercaptan molecules tend to freely
migrate over the surface of the adsorbent. The migration is significantly reduced at
higher pressures due to the saturation of substrate with methane molecules yielding
hindered motion of the mercaptans. At room temperature we observe significant in
plane motion even at surface saturation. Furthemore we observe significant number of
adsorptbn/desorption events, and some mercaptans in the gas phase at higher

pressures.
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5.3.2. 0.7 nm slishaped pores

We now consider the mobility of methane and methyl mercaptan molecules adsorbed in
narrow, 0.7 nm wide pores. As mentioned earlier, such geometry provides the most
sewere conditions (geometric and energetic) for adsorption and generates an extreme
adsorption scenario: highest adsorbed phase density and highest probability for
mercaptans to be trapped inside the pores. Figdf shows the trajectories of
mercaptan moleules in the simulation box, at moderate pressures and two
temperatures: 195 K and 298 K. At 195 K mercaptan molecules initially diffuse into the
pores but then their motion remains constrained to a limited fraction of the pore
volume. At 298 K mercaptamobility is significantly higher; molecules rapidly move
inside the slit and are able to probe a wide area between the slits walls. In consequence
they can also desorb from one pore into the gas phase and then adsorb into another

one (Figl5, lower leftpanel), i.e., threadimensional movement is possible.
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Figure 15. Typical trajectories of single methyl mercaptan in 0.7 niLslit: side view,
right: top view.a) AtT= 195 Kp = 21.5 bar an adsorption event and limitedglane
diffusion. b) AfT= 298 Kp = 167 bar theadsorption/desorption events and both-in

plane diffusion and oubf-plane movement.

Figure B shows the radial distribution functions for mercaptan molecutes 0.7 nm

slit pore at 195 K, 298 K and 320 K at various pressures. At 195 K the peaks of the
distribution function show tendency of the mercaptans to aggregate, contrary to what
happens in the 2 % methameercaptan mixtures in absence of the adsorbére., in

gas phase). At higher temperatures, the relatively less structured distribution function is

indicative of absence of aggregation.
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Figure B. Radial distribution functions of mercaptans in 0.7 nm sla)t95 Kp) 298 K,
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The dynamical behavior of methane and methyl mercaptan inside the graphitic slits was
FANIKSNI Fylfel SR @Al (G(KS RSUSNNYAYImMénh2y 27
(MSD). We considered both MSDs in two dimensions (2D, tpeume motion within a

slit), and three dimensions (3D, including migration between pores). In all cases
analyzed, MSDs grow linearly in time within the margin of error, indicating a normal
diffusion regime. Figure7la K2g¢a& Ay RSOGFAf GKS Hw5 a{5Qa
YSNOF LI Fya Fd @FNA2dza G§SYLISNI GdzZNB ' yR LINBa
the slit volume decreases with increasing pressure. At 195 K mercaptan migration inside

the slit is the strongest at lowest gas pressure. With increasing temperature the mobility

of mercaptans depends on the amount of gas adsorbed. However, the differences
become smaller at and above the critical temperature. Finally, at 320 K no corrdktion

aSSy 06SG6SSy YSNOILIWIyaQ Y2o0AatAde yR GKS

Given the linear MSD visobserved in all cases, we calculated 2D and 3DBd#gélfsion

coefficients of methane and methyl mercaptan, according to the relation:

° ¢Qo (14)

whered is the dimensionality of the problem (2 or 3) anid the timestep. The resulting

diffusion constants are shown in Fi@. 1
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Figure . Two-dimensional mean square displacement as a function of simulation time
plots for methane and methyl mercaptan @t195K,b) 298 K and) 320 K.
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