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About the research project

Flue-gas desulfurization

Hydrodesulfurization



Hydrodesulfurization

Remove sulfur
From a fuel (natural
' gas/petroleum)

Hydrogen sulfide (H,S)



Hydrodesulfurization

(S-Vac.)
1.MoS, + H,— MoS 5" + H S

2. MoSZ(S'V“C') +CHS + 3H,
- MoS , C 4H ”



HRTEM images

Miguel José Yacaman
University of Texas at San Antonio, USA

https://en.wikipedia.org/wiki/Miguel _José_Yacaman



HRTEM images




Computer simulations
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Quantum calculations:
Quantum Espresso: PBE(GGA) / Hybrid (HSE)




2D Van Der Waals solids
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Planar MoS







Curved MoS, layers




Population (arb. units)

Curved MoS, layers
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PDOS (arb. units)

Curved MoS, layers
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Curved MoS, layers
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Curved MoS, layers
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Curved MoS, layers
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S-vacancies

Chemical potential
forS:H,S

Planar - 2.34eV
Inside - 1.63eV
Outside - 3.91eV

S-vacancy
Formation energy



Population (arb. units)
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ol Reax validation

DFT 2.41+0.02 3.18+0.01 3.13+0.01 /.87



Reax validation

ReaxFF a9 #g PP __-5.-0.;&_\ 2

"“ o 4 e ?
bARE, T
A \‘ LJ ¢< | .-? e o
?\_ b’ 9 a ® O o g
,‘ ‘.C} T co‘p “» ._."\_:I*:'
(U’P d=0.7nm ( W o » d=23mm o P d=35nm @
(Dﬂ % «J “o®
" f o D <7 Y
! (9 Q -9 <
‘..ﬁR ’\"Q'b LSS qlﬁ‘b %59 ?_J:"":'
l\...} ,.—r.} C} é‘j | E? - - § o9 Q=0
L L ae o 0% a » 500 agle)
6’ Ikb, O D \‘-}i " \5 % A aa a 3 L ]
v ¥R e A I 0.04
(6x1x1) (13x1x1) (20x1x1)
o o&j A 0’-43(.‘ :
¢ o Jr P
4 > 6%4 N "-:«i *#?
« o . » :531
r"': (J' ‘?i'_
: » P
o« » d=2.3nm P d=3.6nnm by
“ d"-’ : D_,-D
“GP., b o«
" 1 -., ‘--?C 2 -I.]_\}
“Q ’. 59 % i + 27
4 AO ‘"_ . . ?- g:‘ o
v AP P ‘o



ST ITRIRS
.m«auuﬁﬁﬁuuusﬁﬁﬁuu.u((!ﬁﬁuﬁﬁﬁuﬁnu#
ﬁﬁ._-..l.-.-_.iﬁ_ﬁ 5.\55.—1 \i\ﬁ%ki\.\
X NN BN N X L) N FRRRE PR PR RIIRIERRNMNS
P8P -PREIRIIMDS L R PPN IIRD B0
m.._.\i.--._-i.‘.._. .1._-&.5 & o989 &
i L L L L X X LI L L e X e L N J LR N R ]
PR EP PP RIRRIYRRION - pEERIRRD
BA I I Y XXIIYY ). «~ums A II I T I AT I I L),
@ - POPPRRREP - PEP POPEYRIEY B PRy
A L X LA L LN & PSPPI IERE SO WS
'YX XXX X ). A XXX, i
g Xl .ﬁﬁssuaﬂﬁﬂﬂ«ﬁsnﬁﬁ
i & o L4 & l 5_-.1.115!\\.1.\ & P
XXX T LIS I I N ] L. XTI TP L AR Y T YN
SO00 09 _POPNER PR -} «unﬁauuusu.um
S0 P00 PRIFIIEVRRIIN _ BRI
pee 8 "y 0w -9 I X XXX XX, *-"Faeee o 0 0
PR RRPRR PPPRPTRITREE PRIV EEY PEEP _POEE
T L TR X X T X N T T N N N ey I T 11X P800 PoereN
CEPPOIIIS FPPIPEIERIIIIY PORN P PIEIRNEY 0,
i CPPRRR PRI RRIRY PR W eFppew [ XL X
I L T T P R Y Y Y R I I P X A X LI T N X XN LT N
e ﬁu_usuksus susuuu.stuu.aﬁus (XTI XX I T T,
SEROP - PP POREF P B
u\usﬁﬂﬁuuua\h\\
PR RRIRIRIR RS aﬁd«
A ; .. re. oS ew. @ "
.uhuixuuua\aw i X ’ A NNK T u~u-umuasiu
ol 1 L LN X X RN U ) N X P08 00 0
FPPPPPP 55.1-1.\.15. o \._.-.1.1._-..1.\
e 4 P § u«ﬁﬁnuaa«ﬁin.....ﬁ.ﬂ.. apw ﬁﬁ\x
SRR E PRRRREY W ’ L LI X L) X X N &
T LU NN T N X p - 8 S0 - PPRPFRY BN
S0 B0 PP PIIIIIIRIIRIIIODS 7 A AL T YT YL EN,
I LIl L), P ) A N X il il Ll R
J A XTI TN YY),
LI N X BN T Il
A ' -9 __ 88 8.
XX IX XXX SOPPPPEIRIPEIIRY BB IIRIIIFMNY
POV IIINN uauuﬁ&auﬁ« PRI EN -V
XA - BPe PR PR ERRE BRe 0 N I L I I I iTy.
PP PPPRPRRIPRRRRIRNE PR P BRI PPN PR
AL RN X R L I NE I nee T I B L LT LN
D SP PPN ORPR DR P BV D0
Peee 9B -8
& PRI RPREY BN
t_l\._-.ﬁ.ﬁﬂ.\t -_-_\m_ilh._-..ﬁ-_
PO RIIIIERE B
FPREPIRIRIPIIIIIIVIDS
# PP PpePee *PPpPPRe
FEROPRERRD BRI IIEE PR P PR
PR RRIRIRIRRIRIRIRIEIRMY
I LI XYY,
P8P PEFIIIIIIIMY




Vacancy - Curved structures




Ongoing work

Quantify vacancy/curvature relation

Influence of additional layers:
Van der Waals interactions
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