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FEFHEB AR SRS B R E . 2 v e e e
Ji0G2A: Ecqe*ﬂiéi HEKER ENHZ (N fafe Fig.1 Fluctuant energy of simulating in
FrEaS58F8) , HEERRE Ehinding%)‘(jg: SI hydrogen hydrate
Ebinding =Etoul _(Ecnge +ENH2) (1)
ARAKBERGTET S KEYNEENESRRINE 1 PR, B AL, TFRRA
AE;g0g(N) =Eyging(n+1) + Eyiging(n =1) =2E, ;.. (n) (2)
Table 1 Binding energy between hydrogen molecules and small cages in S 1 hydrate
Small cage Epinding” (J - mol 1) AE/(] - mol 1) Small cage Einging” (J » mol ™) AE/(J +mol 1)
H1 —-6. 7047 — H3 —-14. 3186 —
H2 —-11.7296 - 2.43593 H4 ~-11,7673 —

/N TR EERD, BENERS TFED, YERNIANERS THESREN - 11.7673
kI/mol, H3 NESH FHEEIT ML ERE( - 14.3186 kI/mol) K, UiBH AT B E 28 MA. AR
REIHE L 1 4 AR, 18, HRENIE, RE/MNEP2ANMEH T 1 AEDTFERRE, M3 MEES8
FE/NBEEM, TR, ST AKGY/PMREPESSFEN 2 HERERT, X5 X714 0HA,
ISR RIER TR, BERBUFTES M ERNES FESRRENS A, ZRAK2.

Table 2 Binding energy between hydrogen molecules and large cages in SI hydrate

Large cage Epiging/ (K »mol ') AEy 0 /(K] - mol ') Large cage Eging/ (K - mal ™) AEy g /(K] - mol™")
1(H) -6.0915 — 5(H) ~23. 6090 0. 0552
2(H) -12.0812 0.2821 6(H) -25.7154 —
3(H) —17.7888 2. 0490 7(H) -25.0021 —
4(H) -21. 4474 1. 4970 ’

LENT NEESTIEEEERN -25. 0921 kI/mol, HAY 6 N4rFaTH - 25. 7154 kJ/mol X, ik
HEM 6 M TINEECZXBMEM. HEBBSEKSTEN 3 0 AL, EBIE, R & E
BE. :

SHREEW T RKEVREPES S FRER 20 . ——
SR (RDF), R ILE 2. W/ H,-H, 15k N — - Large cage
RDF EPE—MEMA BT LIEY, /MEP 2 4 F i
SAFHIRIERZH4 0. 238 ~0.251 nm, S I {9/ K 2 10t
5 ST H/MNREWMEE, 2kEamiE. AR

s/

R SEREH RS TIEE STA S/ I
B, S5 FA B N 0. 247 nm™ 2 FARIE. R R T B vy a—
B 3(A) R 2 AMASAHFEAEY S 1 /M dinm
PHBREEH, B TESF2HEES. Fig.2 RDFs for hydrogen-hydrogen in S I hydrate

lﬁlﬂﬁﬁkﬂﬂ*ﬂﬁiﬁﬁ}%Zfﬁlﬂ‘J RDF(E2), WNE2 W4, kit 3 MESLFZREIMERY
3 0.247 ~0. 288 nm.
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Fig.3 Stable structure of hydrogen hydrate in SI
Real line for water molecular; white ball for hydrogen; the dashed line for H-bond (the same as follows).

(A) Two H, molecules in small cages; (B) three H, molecules in big cages.

2.2 SHASHESSH
ANTEEMK H B (SH) KEWISA =M, BKEYW=FMEHPRERK, Ky RESHS
S I AR EWR/PMEESHMER. BRASSTRA/MIES, b MR 5 e 454
RIFIHEA T SPHREMKBBERLS . AR3 TR, S0 T8N 3 HELXBImH,
SR TEON 2 W, AE 0, fHNIE, MELalHl, SHK&HI8 b MU S35 T80 2 MaBRGE.

Table 3 Binding energy between hydrogen molecules and middle or large cages in SH hydrate

Cage  No.  Epping/(KJ *mol™')  AEy 5,7 (K] - mol™") Cage No.  Eppding/ (kI *mol™')  AE g0,/ (K] - mol™")
Middle 1(H) -6.5557 —_— Large 10(H) —-47. 9632 -0. 6991
2(H) -12.5107 1. 8854 11(H) —-52.8985 2.8172
3(H) -16. 5803 — 12(H) -55. 0166 0. 9000
4(H) -16.0274 — 13(H) —-56. 2347 —-2.9470
Large 7(H) -35.5492 — 14(H) - 60. 3998 0. 8289
8(H) -39. 1060 -1.0642 15(H) -63.7360 1. 3687
9(H) - 43,7270 0.3848 16(H) -65.7035 —
SHK &Y KIS L B8R, MALSH 20—
TRAORSHARE, BREWAHINR, HibK |
ABZHASAT. DR THOEIT 16 i ERL: Py T Helhs
HWBHR, ASPEHARE A8 TEN 1M ol | o HicH
AE ung EBK , UK APILERRE (R 3). M 20 4
SH /K & MR 8R4 F 2 [ iy RDF (1 4) ¥ LA st 4
B3], MRS T 2 FBEE 4% 0.244 nm, o
SESLE SLAS YN R RE S H— B PR T
PR S T 2 B 0.229 ~0.288 nm, K dinm

BHhHES ST ZEEER R 0.232 ~0.321 nm. &, Fig.4 RDFs for hydrogen-hydrogen in SH hydrate
SEHFHEKAY SH il NBRESWILE 5(A) ~(C).

Fig.5 Stable structure of hydrogen hydrate in SH
(A) Two H, molecules in small cages; (B) two H, molecules in big cages; (C) eleven H, molecules in big cages.
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2.3 XSRS
SRERELHTRREARR, A KEYRESH T ANEFERE. BRESHTEUKE

YR G)IHERIKSYRRBRTHEESHEER m(H,)

(ng+ny +n;) x (2.0158 x107?)

m(H,) = 6.02 x 107 (3)
K, ng, ny, n, BHFERD, P, KRPESBEESEE, | 0’ EKEYHESHEESHWERER
M(H,) = (1/V) xm(H,) (4)

Kp, VERKSYRBRAR, ditHEKSYRETEIFER(KR TR, SH WESR IR,

Table 4 The hydrogen storage capacities in SI hydrate and SH hydrate(kg/m”)

Hydrate V/m® g ny Ny m{(H,)/kg m(H;0)/kg M(H,) (%)
ST 1.6823 x 107 4 ¢ 18 7.367 x10~-% 1.375x10~% 63. 187 5.085
SH 1.2994 x 10 -7 6 4 11 7.032 x10-% 1.017 x10 % 53. 69 6. 467
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Molecular Dynamics Simulation of Storage Hydrogen in Hydrate

LI Xiao-Sen
( Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Guangzhou 510640, China )

Abstract The structures of hydrogen hydrates with structure I (S 1) and structure H(SH), are studied
systematically with molecular dynamics simulation, and the stable structures of hydrogen hydrates are ob-
tained. The structures shows the occupation of hydrogen ; there are two H, molecules in a small cage and three
H, molecules in a big cage in S I hydrate; there are two H, molecules in a small cage, two H, molecules in a
middle cage, eleven H, molecules in a big cage in SH hydrate. The radial distribution function( RDF) for hy-
drogen-hydrogen in each cage of hydrogen hydrate is also investigated. Furthermore, the stable positions of hy-
drogen in each cage are determined. With these stable positions, the hydrogen storage capability of the hydrate
is 5. 085% ( mass fraction) for S I and 6. 467% (mass fraction) for SH. Compared to experiment, it is found
that the hydrogen storage capacity of the SH hydrate with the stable structure is most excellent.
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