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Study on the stability of sH clathrate hydrates of heavy hydrocarbon
by density function theory
WANG Bin™ , QI Ying-xia, SUN Yang-liu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Based on the density functional theory and the commercial ADF/SCM package, the stability of sH
hydrate containing heavy hydrocarbon molecules is studied by using GGA-D-PBE-D3 ( Perdew-Burke-Ernzerhof) /TZP
level. According to the principle of quantum chemistry,the geometry optimization of small ,medium and large cages of sH
hydrate is carried out and the binding energy of the cages are calculated. The calculated results show that the heavy
hydrocarbon molecules can form stable sH hydrate when the CH, molecule acts as an auxiliary gas molecule,in which
CH, occupies small and medium cages, heavy hydrocarbon molecules occupy large cages. It is found that the binding
energy of the large cages is in a narrow area of two parallel lines. The calculated results are in good agreement with the
existing experimental results.

Key words: the density function theory; sH hydrates; CH, ; heavy hydrocarbon

AR MkaEY ' ™ 543 Jeffery 210 4 B 85 B FIEE T 0 T B4 7
Fir,s T8 s MASFN sH B, S T RUKGYZt 2 /) VHSETE B e B e BFSE T s TR AR A rh 1,1 -
w76 AR AL /DR OS2 — g 2 e (R141D) ERSERVNE R R E T
R(5") , K7l 12 TR B R 2 N4l

1 =PRI R TE

W P A (5767, Ho i N HAEA 4N CH, |
H,8.50,,C0, Xe G Ho S/hp 5 Uk, STARKS B 1SR T 5Lk K 2 ) AR 5 FE 7 B

Pyt 16 /NG TR 8 AN KR 7 Y o /R oK A
MR A AR (57, K& H 12 S HILTE 25l
4 AN LUR /S TR (526 ), i i mr LA 230t
FHNHAZAE 0.58 nm < D <0.72 nm [R5 T Ez.s-
sH RUKA Y1 ML S 3 AN 1E -+ ZifiA, 2 S AS B .00
+ R (475%67) 11 A A iR (576°) . HHLK L5
3 FZAETET RN A, an 3R O e 4 M1 10373 275 2717 219 281 283

R T ISR aag%mxmfﬂumi WILK

sH EUK &9, Horp e s i A i fb & Y %40
HHENAUA . Michael 2570 5@k X S8 SCIAFSY T 3
PRI K G250, 345 th T DU AR (H,0) 5, .1
SR (H,0) o FI = A THAR (H,0) 5 1 LT3 BE K

K B HER:2016 - 11 -21 ;f&E HH7:2017 -02 - 05

1S 2 — L SR 13— 5 14— e LG
S— IR T 4t :6—FFHERE :T— R e
B 1 sHAKEYF TR+ EEKENE
A P e 4

EE 'S M (1992 - ) 5 A0 A BFFE5 1) & S ARl TR, Sl iR 22N, boxingwangbin@ 163. com,



. 184 - A AL T

2, b et Bl B UM . Bk A TR R g iF
SHT
L1 e

AR % Bz RS LA S SCF #E 7, B 5
xf sH BOKEY#AT LItk R GGA-D-PBE -
D3 ( Perdew —Burke —Ernzerhof ) /£ 5 SCF #2  f 25 #
KIH, JCUR A T s TZP e d] WSR2l 6 253K
B VEE RS HICIR(16 ] o BT A KA 21
FE ¥ ADF2010 i 47 (9, MD it 55 & 76 7 )7
MES. 0" AT HY
1.2 {fEEE

5, MR AT A AL . 1258 UL i AL
AR, 153 T T RIZS G RE AR RLRE L ShBE %
L HE XC B,

JET RS E BESE T 7RI LS & REh sl 5 K 43
THEARI TS G HE, T (1) FiR

Eonons = Eee = D (Eugo) i = (1)

KL E e cono e T T IR E BE E. B T WIS S
AE s B, o i K IT T IS B RE B e B AR T 1Y
ZiEHE.

2 R&R

T T AU M B RE 5 2 5 R, RNRE RS
e R AR IE AR A E e KPR K
AL, FF HI USSR JE 85 JE IR0 B 45 A A 5%
XTSI KT, LA REBE S 9] e
B2 fros, A e e 3 A AN [E i B B
GGA-PBE %5 — B¢, GGA-D -PBE -D3 5 — [ B,
W SRR BE N 4§25 21 6 Ay Ja BB o

-23.05

1

0 100 300 400

200
A /min
1—GGA-PBE %5 1 [/ Bt ;2—GGA-D-PBE-D3 %5 " [ Ex;
3— W SOR 4 2 6 BBt
2 @&ATIHWAESE G AN &S

2.1 R

AL B ke 1 19 R JE G AR 45 4 e L 1A 14
3. SR B BRI T B T R LAk 2
Hay, AR IR B T8 1 19 fe R BE R, X 4858 1 i LAk
LSRG AR [ (4, A Bl WD B 235 4 A0 47 05 A 1) i

E31BE4H
T

o, le ool copot-lee
.
D A \s " il

[
ww‘ef 11.0% o oo TRR ;‘DZ‘*'. o AR J110e%,
2% O o ‘.\" ."-’ ‘F»»Ivvv '&.‘ ..°Q~ A S ‘“.\.,.
' e “% . "'*” . 4
£ [ ¥ H

®
v

P oA

i

oo ‘ot
- a
v
1288 1 ng
" A L ]
y [ ]
" W as¥eve ],

‘ '
?

»

-—e % ".—c

(C)C7H14 m%ﬂ‘d‘kfé Cngﬁﬂ:E;E*% CloHlﬁﬁﬁmiﬁ
3 @akEsFosHEXKENKEN
A 25 A

1SR H 36 4K+, Ko+ 1 H—
O—H B 43 fi 7 103.5° ~106. 5°, EBLAE 105° /42
AL MSEEAE " #E 104.2° /5 47, O—H -+ O S ft 4
AT A AE 169° ~179°, FHHE 177° k47, 0---0 11y
BEEZE 0.25 ~0.29 nm, WE{H 2 0.28 nm, [fij 32 ¥
H'"7£0.2725~0.279 1 nm, &3 &, HiHJE 0—
0—O0 Hff V- ¥ 107. 97° (Frifi & 108°) , /il B
0—0—0 $#fAZy 119. 57° (ARifEs 120°)

F e o] AAE A4 i sH B K5 9 0 il Bh S 1A 4y
T RSO B W e 4y /NG R B AT TR AE
AL a5t anisl 4 (& 5 Fs .

(a)7%5% (b) 0.8 CH, /M
B4 sH B A4/ 5 84 2



\-

2017 T4 B

(a) =% (b) % CH, B/

BS  sH A4 % o ihfh 4

S AT A A5 2 9 B K 5 M S8 TR/
PO 1o nl R, A5 R A S e 25 R A 1R
Uiy —2t.

®1 sHEKGYPIREMFHFEELE m

JE N ok K
BRI 0.391 0. 406 0.571
AW 0.39 0.398 0.555

2.2 ETHIREE

T2 T/NEMPRERREREN . NERH
FEARRHT 20 7K T, MF 2 AT, 25 /N L
WP EE RS E, (HE, A8 CH, By/NER gy
oz SEAe e, BT BE il DUFE S sH K65 W 1 4l
BRI, CO, 43 F A58 A i 4 /N 5 A o
JE X 55 B AR IR S R 5L

F2 sHEUKGY/NEMPENES Ha
BRG T None CH, Co,
INGE ~10.7360 _11.6154 ~11.5752
g ~10.7252 ~11. 6060 ~11.5658
3 g

BTz ok HE DL I ADF/SCM 811, BF5E
TREERRES T sH BUKGW e, a4
RAEW], EhekE Sy 775 CH, 23 T fl B <R 7
IRl OB A2 19 sH BUR-& 4, Horp CH, 4/
FERRE, B heke IR KO, TR AR SEA
A 205 R A AR Y — Bk

Sk

[1] Dendy Sloan Jr. Fundamental principles and applications of natural
gas hydrates[ J ]. Nature,2003,426(20) :353 —359.

[2] Yousuf M,Qadri S,Knies D L,et al. Novel results on structural in-
vestigations of natural minerals of clathrate hydrates[ J]. Applied
Ph Ysics A,2004,78:925 - 939.

[3] Seo Yutaek, Kang Seong-Pil, Seo Yongwon, et al. Complex coexis-

FF ETBEZRIBICHEGREE sH BEOXKSWRE AR - 185 -

tence behavior of structurei and h hydrates[ J]. Proceedings of the
6th International Conference on Gas Hydrates (ICGH 2008 ) [ C].
Vancouver, British Columbia, Canada,2008.

[4] Ripmeester J A, Ratcliffe C I. Xeon-129 NMR studies of clathrate
hydrates : New guests for structure [l and structure H[ J]. Journal
of Physical Chemistry,1990,94(25) .8773 - 8876.

[5] Michael Kirchner, Roland Boese, Edward Billups W, et al. Gas
hydratesingle-crystal structure analyses[ J]. Journal of the American
Chemical Society,2004,126(30) :9407 - 9412.

[6] Jeffery A, Greathouse, Randall T Cygan. Molecular simulations of

—

gas hydrates ; Predictions of structure, stability, and vibrational be-
havior[ J]. Proceedings of the 6th International Conference on Gas
Hydrates (ICGH 2008 ) [ C]. Vancouver, British Columbia, Cana-
da,2008.

[7] Ajay P Mehta, Dendy Sloan Jr. Structure H hydrate phase equilibria
of methane + liquid hydrocarbon mixtures[ J]. Journal of Chemical
and Engineering Data,1993,38(4) .580 - 582.

[8] Ajay P Mehta, Dendy Sloan Jr. Structure H hydrate phase equilibria
of paraffins, naphthenes, and olefins with methane [ J ]. Journal of
Chemical and Engineering Data, 1994 ,39 .887 —890.

[9] Ulrich Hutz, Peter Englezos. Measurement of structure H hydrate
phase equilibrium and the effect of electrolytes[ J]. Fluid Phase
Equilibria, 1996 ,117:178 - 185.

[10] Mooijer-van den Heuvel M M, Witteman R, Peters C J. Phase be-
haviour of gas hydrates of carbon dioxide in the presence of tetrahy-
dropyran,, cyclobutanone, cyclohexane and methylcyclohexane [ J].
Fluid Phase Equilibria,2001,182(1/2) ;97 —110.

[11] Sun Zhi-gao, Fan Shuan-shi, Guo Kai-hua, et al. Equilibrium hy-
drate formation conditions for methylcyclohexanewith methane and a
ternary gas mixture [ J ]. Fluid Phase Equilibria,2002,198 (2):
293 -298.

Toshiyuki Nakamura, Takashi Makino, Takeshi Sugahara,et al. Sta-

[12

[

bility boundaries of gas hydrates helped by methane—structure-
Hhydrates of methylcyclohexane and cis-1, 2-dimethyleyclohexane
[J]. Chemical Engineering Science,2003,58(2) :269 —273.

[13] Takashi Makino, Toshiyuki Nakamura, Takeshi Sugahara, et al.
Thermodynamic stability of structure-H hydrates of methylcyclopen-
tane and cyclooctane helped by methane[ J]. Fluid Phase Equilib-
ria,2004,218(2) :235 - 238.

[14] Amir H Mohammadi , Dominique Richon. Clathrate hydrate dissocia-
tion conditions for the methane + cycloheptane/cyclooctane + water
and carbon dioxide + cycloheptane/cyclooctane + water systems
[J]. Chemical Engineering Science,2010,65(10) ;3356 —3361.

[15] Amir H Mohammadi, Dominique Richon. Equilibrium data of neo-
hexane + hydrogen sulfide and neohexane + methane clathrate hy-
drates[ J]. Journal of Chemical and Engineering Data, 2011, 56
(12) :5094 -5097.

[16] Hamid Erfan-Niya, Hamid Modarress. Molecular dynamics simula-
tion of structure H clathrate-hydrates of binary guest molecules[ J].
Journal of Natural Gas Chemistry,2011,20.577 —584.

[17] Zhang Junfang, Pan Zhejun. Effect of potential energy on the forma-
tion of methane hydrate[ J]. Journal of Petroleum Science and En-
gineering,2011,76 ;148 — 154.

[18] Arshad Khan. Theoretical studies of CO, + ( H0 ),,, CO, -
(H,0),,,CO, - (H,0), clusters: Stabilization of cages in hy-
drates by CO, guest molecules[ J]. Journal of Molecular Structure
( Theochem) ,2003 ,664/665 ;237 —245.

[19] Wen H,Geng C. Density functional studies of small and large cavi-
ties of carbon dioxide hydrate[ J]. Computers and Applied Chemis-
try,2008,25(9) :1171 - 1174. A



