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The difference in composition
between Natural Gas and LNG
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Focus on Natural Gas pre- TU/@ e smerse:
treatment

NG pre-treatment >

Hg
H,0

- €0,/H,S

HHC (Natural Gas Liquids,

University of Technology

NG components suitable for
Cryogenic Separation
> Focus on CO, removal <

Research question

Condensate or crystallize all phase-
changing components in the Natural Gas
feed stream in a controlled and from the
feed separable way?
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Why we do MD simulations? TU/e s ™
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Analyze properties of time
dependent concentration
of contaminants and
determine the exact

required physical process
conditions.

T (K)

Source: V. |. Kalikmanov, Nucleation Theory, Lecture Notes in
Physics, Volume 860, 2013

6/30/2015 Raluca Dumitrescu, CEC-ICMC, 2015




Eindhoven

miXture University of Technology

-

Applied methOd on H20-AI‘ e Technische Universiteit

100,

10,0

1,00

0,100

0,0100

©
0
=
=
-
L]
L]
=
o

0

100100

0,000100

/

[N A N I (N ) [ [ N [ I [ [ N N N A A N |
00000105, 300, 400, 500, 600, 700, 800, 900, 1000,

Temperature (K)

_F‘H.L,LL.

0,0000100

6/30/2015 Raluca Dumitrescu, CEC-ICMC, 2015




ion model
dynamics

Simulation validat
used in molecular

Description of setup

- 5000 Water molecules +

atoms

- Box size of 28 x 28 x 28 [nm®]

for p = 21.84 kg/m3

T,. = 1000 [K]
6
%ij %ij

Uinter(rij) : 4'gij - r
3 3

Note: - = 119.8 [K],0,, = 03405 [nm], -» =

3.154 [nm], g, = 0.520 [e].
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Applied method TU/e cnnoen
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T ~1000 K
TE ~ 185 M] /mol
P ~ 63 bar

T~350K
TE ~ 64 M] /mol

P ~ 20 bar
\ ! ! ! _ ! !/ ! !

. Equilibrate system

. Reduce temperature

. Production of dynamics,
by keeping carrier gas at
constant T.

Ternperature water [k]

b~

100 200 300 400 Loo E00 oo ano0 a 1000
Time [fs]

Nucleation process
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Note: Only water molecules are shown.
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Model validation @ enanoven
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Nucleation rate

J =1.07 X 10?7 (cm=3s?)

this work —

J = 1.075e+27 e 35!

s Wk

Jyas = 9.26 X 1026 (cm3 s)*

W
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[T}
n
w
=
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o
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T}
£
=
s
=

Jent = 3.70 X 1028 (cm3 s1)

Time [ps]

*K. Yasuoka and M. Matsumoto, J. Chem. Phys. 109, 8463 (1998)
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C02 + Argon syStem e ELr:\(/j:rz;Src])fTechnology

Setup description

| | [ a= 1200 kg
d= 1100, kgl

= 1000, k|

4= 500, kg
o= a0 kg
1= 700, kg
=500, kg

1000 CO, molecules + _
1000 Ar atoms
Box of 16 x 16 x 16 [nm?] e
T, . =350[K]

EPM2 intermolecular model?

0= 100, kgym]

init

Pressure (MFa)
T TTTTT T

0,010{950‘ — lzaol — I.’250
1) 2=80.507 [K],0, = 3.033 [nm], ’ | |

B

Temperature (K)

= = 28129 [K], 0, = 2.757 [nm], qc = 0.6512 [e]
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Note: Only carbon dioxide molecules are shown.
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Conclusions & Future work TU/e gwwoe ™

Both systems (argon-water and argon-carbon dioxide) behaviour in equilibrium
corresponds to EOS values;

Nucleation has been succesfully triggered by rapid cooling method;

Validated a large molecular model;

The method applied is feasible for other mixtures.

Next steps:
More complex CO, intermolecular models

Study pure CH, system
Study CO, - CH, mixture

Experimental validation H L
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