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Abstract:

Mixing hydrogen with mine gas is an important way to promote the synergistic utilization
of mine gas and hydrogen energy. The safe storage and transportation of hydrogen—doped
gas hydrates urgently need to address key issues such as hydrogen storage performance
structural stability, and combustion and explosion characteristics. Using structural
analysis, calorimetry tests, and MD simulations, this project will analyze the hydrogen
storage performance of hydrogen doped gas hydrates with different crystal forms, cage
structures, and pore structures, revealing the nucleation mechanism of hydrogen—doped gas
hydrates, and establishing a structural regulating mechanism to enhance the hydrogen
storage in the hydrogen—doped gas hydrates. Based on the dynamic parameters of the
dissociating process of hydrogen—doped gas hydrates and the changes of structures, the
self-preservation effect will be analyzed, and the constraint effect of self-preservation
behaviors on the path and rate during diffusion and penetration of guest molecules such
as H2 and CH4 through the ice layer will be explained, and a structural regulating
mechanism will be established to enhance the stability of hydrogen—doped gas hydrates
Also, using the combustion and explosion characteristics tests, DFT and Reaxff-MD
simulations, this project will analyze the influences of structural factors on the
combustion kinetics and explosion performance of hydrogen—doped gas hydrates, reveal the
micro—mechanism of hydrogen doped gas hydrate combustion and explosion reaction, and
finally construct a mechanism for weakening the combustion and explosion performances of
hydrogen—doped gas hydrates. It will provide a collaborative regulating strategy for
seeking a balance between hydrogen storage improvement and risk weakening of combustion
and explosion, with an aim of achieving efficient hydrogen storage and safe
transportation of hydrogen—doped gas hydrates based on an endogenous structural
designing.

REHE (HA52T0) : I B KEW: ROElt; MREELhE

Keywords (FH4r54FF) : Mine gases; hydrogen—doped

gases; hydrates; stability; combustion and explosion characteristics

b
N
=



PN

[ % AR AR ST B E T (WUEEHIIHE )

MBEFERR
| T
Y5 4 AR MR B =20 PR A4 TR ZERR R 15 iH 7L 1E IELI‘Eﬂ
)
1| oE2m s3] & | g R DN 15993737902 12020419850 g gy g5 5 0 10
B \ R MO U A
0 Gk | 1983.04| S R éé§§2519830429 f&zﬁﬁﬁ%n#ﬁwﬁ% 5
Wk e PR VA Al
3 TEE | 1976.02 | & | misdw Wik ks 051986330086 32220319760203 %‘%gw kA 6
S IR U
4 ik | 1988.01| VT W A 15250997984 35?88219880107 ﬁ; IS A B 6
ISP [T Hh 2 EIE )5 iS4 il A=
10 3 | 9 4




PN

% B IR A R ST B U H T (BUEEHIHE )

ERBAMFEEMESIMBMESR

I H keSS 52474206 WHMEAN: 2 SR TG
¥ BEH 2% SR
1 —\ Bl e v H B H AT 48. 0000
2 1. W& 8. 0000
3 o WA E 6. 0000
4 2. kg 27. 0000
5 3. H N 13. 0000
6 T HAdRIE R 0. 0000
7 =, fit 48. 0000

VE: T B BIET S F el 245 BURUS BRE H TS 0.




VN % AR e T R (BT )

B RAS

—, RNEFEES KB EEERA

HFER (BX AR ERXSREBE AP REHFNNA) FAXER, SBREHASE, BERHARFEF4HE
MR, LERREFFERE. EHRE, EBERRARNELEE. L5%, $EE=AREER, EAFELLH
FE 4 A RFARE,

1A H (RISETE Lt B WERR L AN ERE, TAANERELFATI R E, L RAEIELN
BEEMEENEA ., TEENBRERETETARELEREF X, R, MATEEE B LEREFN AL
HABEMENEHTHYE, BN ATE0FT (A50FT0) Wik &FEAI R RP RSN ETEMEIR. TERASHE
WA EN/NTFO0F TH AN BB EEWESR, KA R EF A EERF o LATHAAT,)

#A& % Hi18.007 T,

O BRARER, HARTRAETLEREWEHF6.005 TT;

@53 g LKA N TGS ER N RGN A KEEF2.00F T,

2N 5% (RETE LT BEFHANEMAE, B SERESZEGORY, B8, X0, BEEHH, &
AR MR A A T R A . BRSO/ E BRI IR PR ES, 2 W/ER/IBRAERRERA, UL MR
*H.)

V4% #£i127.007 o

(1) A% ATUZHABLRYAKGWWELBFEMN, FiT12.00%7 To

O# & B LRI AL MR EHENIFE. FARE, Ffl. A%, HEFLOF LTI, 45454007 T;

QBEARH AW R LR FMBMERN R ZH N FHER, wEaR, BER., AFK. BEARE. EHEL
B BREREWE, HE4F2005 LT, 4E+HFS007 T,

(2) MRABATHE: TEZRTFREWENRXFERALE F, £113.007 o
@10 KA EE R, T CTHH#M #0.17% T/, NMRIMHK %0.10 5 T/#, #£E2.005 T;
QB P E % 110257 TU/4E, 44E3EF1.007 T,

(3) W/ X/ EREE PRFERESF: ATXARER. HRE. %, XRBRER. TARERES
%A, }18.00% TTo

OMAERFABXI0E, #%TFH020% T/EiH, Hit2.007 7T;

Q¥ HE & E F29, #0.507% T/, Fi1.00% s

@M IR EELH, FIHS5.00% o

(4) Z2H/2PVEFEELRAE: #£H4.007 o
FreEsse (RE), BEFE, BERT, FARRFH £ WEREHL0S0T TR/, BETIT2LAK, 44
£ 90.50x2x4=4.00 7 T

3% 4% (REENELEIBEFINL L EREFRNARE, HLE, FHREFHFURTERANTFRAR.
B AREN TS EERA, WAIMTAEHEFNREERZNERSE, HRH, NEAEEFSH TR AL
AEFRELSWLENE, IANATE N TERK, ZRASENGEEERE,)

F4£ % FiH13.00F T,

D% 52T E WA R L Fh64, %L BFINE005 T TT/A/ A, FETHEIONA, 45 3 F0.05x10x6x4=12.00 7
TG
@+ XK\ FFIT1.00% T,

T



VN % AR e T R (BT )

. AU kERS
MEMKEXRENEHFRE, TERE, THFREHBEERA.

o

=, AR RS A

HEEFREEMAETRESET SR BERNERATLERA, WFELNGERREM, HE—WH, F
AR EIRNER, TR EFENEFHTERR A

X

81T



VN % AR e T R (BT )

WEFIES

WFFT N ARSI H Az I s BT



VN % AR e T B (PO )

ERBARFEESHARTA. KIERLIKIES

HX B RPERETE NFNAEF

ANREE R W E R ARR AL W T ), sy h P AT BEBEIAATT
KA IR R R R BT TR Gt Dl iRk ZOR foin a4 XU 25 KU 82 1) T
W) CRTIRRH A A P ) (R HE A mE GRATY ) SFRE, MEZK B RBR 5
SRR T UBNIH A B IH BE e BAE R TR, AE (PHR) BUE &I H AT R

) 5 CGbrEIm D) (2K B ARBHA SR G BT B30 H VR B i) I ERIHS (TR
) RBATRR. S H PSS A E R, B sT (WHED A2

(o) WAL “2nge” BR, PR EAT RIS R S5, M PRI ST st AT H (At
7 52474206) , VISCORUERESE AR E], SZINHOEA AR, KOS SR 0045, A
FHIMES et N, A LATH H S A BT DR R Fe kA 22 5

(=) HEFRHIRAS . BHAEBVEAMZAARIELE, INEIT RO TAE, X5t H AR e
ANIAF I SRALE REATRRTE , AFEARATIH 55 By il SR s AR TS R e R AR AT H ik
T RIS FEEARTIRE “HEAT . AERCRE A R JE A TR AN S, F
PSR T AN B H A8 53 A 33 1S RIS EOR AT T 5

(VU s BRI, SAFRM AR, THEORSE, JBR AR, SROTFSTRER. L, A
NAZZ RFAREEARMNAE, AMEFERAR AL PG AU K5

() K3 H Bt 4 T 5 AIH B AR RSO, P SRIRG I 2, Rl
FEIH Bt s ke

(750 Aer I3 H 2B L 2B RN B, DR~y DL AR DG ZESK

T BB, A NSRS 5 BB S 2 S A SGHR I At 1) 2% TBUAR B R

WH RN (5
£ 3 [
T By R HIF 4 FE 36 ] T 437 I 25 B T
UG VNIE L D FFRA () .
g4 H £ 4 H
ER QRPN H RFC AR

LA AL LI P50 EAFRAEIE I F R BRAEI L 505 A S UM R R
HSHRT RO, PER S b 3Eeh SOl BN A T (6Tt AR RS 2 W25
TROLD LT85 AR SR ISR KR K B0 O T IARR 16 5892 58 1
W) CRHERHLH B GRIT) ) 400k, AR ARRIE R R AR R B H A ., 0 H
VeI, RV AR IO BT I R T, B S

N

KAEHAL (2
gk

)
H H




% B IR A R ST B U H T (BUEEHIHE )

R BARFEESZEIEH SRR

7 W B B4k 2 ¥ m B ook B

ko Ak A AL
TN () -
C S

EESIC RO S/E
TN () -
C S




