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Isotopic fractionation of methane and propane at the formation of mixed-gas hydrate
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Previous studies reported stable isotope fractionation of hydrogen for methane, ethane, and propane during the formation

of their pure gas hydrates. However, the guest of natural gas hydrates is a mixed gas composed of volatile hydrocarbons.

In this study we formed synthetic methane and propane mixed gas hydrates. We measured hydrogen stable isotope

fractionation of both methane and propane, and suggested that the amount of isotopic fractionation depended on the cage

size composed of water molecules.

1. [ZC&HIZ

ABUHAREZ R AR EZFI LD ETH
WAL KFE L OET D H AL R L— h AR
SNDEE, 7 A N ADOLERNARBINE Z 5
ZEBMOENTND. AZ A RL— FDOEA,
BREED A B L LA EA X DR TIE, REBFNAE
SyBNIHERR STV WS, KB RN ICIE
L, ™A RL— MAD A X > OKFRNAA L
IFBREED A X AZK LTI S %o/ hE L 725 D 2
DFEERFEIT, CH;D 7% CHy & 0 b0 i
N < D, CH3D 23A KL — MM aE
ST W L EFEL TV 0.

F7-, =2 A RL— FOBA B REEEIC,
A RbL—h IO XV FBREOTZ LD
1 %o/NEL 2B, 12721, AZ0BEEL0 L
ZED/NZWELRIZ DWW T, K3+ TR S LD
B ADY A RELEDRERREBZE LN HDOD, &K
I ST E TV,

F D%, Wi T RN RL— RMZDOWNWT
b, FEem AR D 7 A N H A DKL ERNLARSY
BIDRE 2 DL N—FIC L VARG +
DFEFL, AH R X v LRI, 7T
RBRGESBINFEL, N RL— MEDO T 1
PR DIRFRNLARLIX, BREED 7 m /2%t LT
%'I’“\/‘j 4 %o/]N é MNoTm,

HANA R— MIFTA RN T AOREIZLD
Fl RS DR ET 5. AT ORI A 2
A4 RL— MBI & g R — M X
TNV S [ B2 T 5. A 2 32D
KW — P (EELZ W T, K/ = 3:1)

DOMFIZEEES N, =H IR —V ORI
SIND. —F, MRl 7 m XA R L— NI
mfEE N A &2 Bk L, RNy — VR
DOWTHE, K/ = 1:2)OKRTF—V DRI aHE
INb.

FATHFIED A H vy 2 H B LT B R DN
A4 FL— MZRT 54 2 MARBRNRS BN, #
NENHEFEOF 2 N H AT /R TH
D, LLRING, RIRTANA R L— NI K
bRFEE TR ETHIRETAZEHEL TV D.
BIZIE, A% > TaXUEERIE, Turro
-2 IR oot S | BATE g N e RS W = P e ¢
Fm S MO 16 mEKr — I ICuES D —
F, AZ AT N2 RN — IR E R S
N5, 2FD, TADREHNIANA R — M
DRING— T OERGZ T ERE L, T A RNTAD
L ERINARST RN B % RIE T Al RetE D 8 5.

FZTABIEIL, AZ v Ta N RERITE
BL, 2NDDORAHT ANA RL— b & N THIC
AR LTEBRD, A&« T a0 W7 DKELE
RN BN DN TR TR ZET 5.

2. EBAZE

ARFGED A B 2 & T a0, @ TR T %
B A X HE 99.99%) 8 L OV v R (MiE
99.99%)%& V=, AT o L AR E RS (EARE
40 mL)NIZ, 20 COIKIREN THAK 0.7 g % &
ALTe. BFRKEEH AL AT > L AR E R %
IR ERRE TIRE T CHEZS| & L%, Th
ENOHTAZWMEBEANL TIMELE. 0Dk,

ER TR
* BESETARR AT TR

Kitami Institute of Technology

National Institute of Advanced Industrial Science and Technology (AIST)

Copyright©2020 A#E+EEN H ARZ K TS
The Japanese Society of Snow and Ice



JLHRED TR No.39 (2020)

Annual Report on Snow and Ice Studies in Hokkaido
+1ICOIRE FTCSMHYD £5 /L 905 FA &
DHAB T aNARERIT ANA RL— FDW-
i ELL b, 227 N OWALELL T TA X
A Rb— FOWMELLTFIZ/e 5 X 5 IZFf Lz,
MERRNOESI O TAILED, N1 RL— |
RO T, BERNOFEHT AF0E 2 BB L 72
[FIRFIZ, AR T g FL— Mk 28
L7

NA R L— B O R S G ORI DU T
1%, 7~ UEFHRPM-210, A KIC K
n, AZBIORTr0 0 C-H FMiifET —
R2NiERR X5 %2 2900 em! (LD T = 2 A
7 MvERAWT.

P /7 ARBHZ DWW, B2 T A T E R
L, A FL— FiBHZ W TIE, BEZ2T A v
TEBES 2 HIET, ZNENRKERE TR
SN T ARE E 5T, D%, BT AR ENA
RL—RHDORA X >« T /BB T A%, 2V
VAV s v a Nl k0 RERNR S &
43 A 4 (& (CF-IRMS, Delta V, Thermo Fisher
Scientific)lZH AL, A X BT m W
DOKFBRNRIE R DT, FT2, WA/~
7 7(GC-2014, FHEEEFNZHWT, ~A FL
— hNEETAFHD A X BRI 0/ DA
FEHEY % R 7.

3. BIEHR

HAZa~ N7 Z7TRDIZNA FL— M
BLOFEA A TO T a0 AL O 5B
REX VIR T. P OERIT A FL— ML
FEHAFD1:1 DI, ThbDH., T—HILFER
X Eficrmey hanTna 2 &, 7y
NIAZ LT, N R — MEIZEME S
nNadZ EnREn.

22, I~vmamirick o A2 7mox
VIRAFRTANA RL— DT~ AT b L
&L OO T N RL— b B
LFOWEEI A Z g L= DT~ ALY
ML FENFINE & DT, AUFZETIE, C-H % F7
HHET— FHR 5D 2900 cm! T D T~ > A
7 MVERIE L. 728, KfF3ED A KL —
B OB DBRIZIE, fiER A 2 g RL—
N OFHELL T TR HLTWA D, A X
A Fl— MIEBFFIZIRIE L TV e Z & &3
FATC, T ART MVER L.

fifE7e A Z g RL— T, 2905 em™ fiF

100

[f=]
o

80

70

60

50

30

20

NAEL—rAREOTO M%)

10

0
0 10 20 30 40 50 60 70 80 90 100

BRAZREOTO/ AR

1 "A FL—MEBIXOETAHDO T
0 R H AR O B

g Fasend FL—+F
=3
T
—
-3
'g
(7]
c FHRRER)
[«]]
]
=
AFwn{FlL—F
2800 2900 3000

Raman Shift (cm™)

M2 FrsSuad Fl—h, AZundg
RL—hk, AZ L« FTa/RUBERH A NA
RL—bDT~ AR [

TGRS 1 R 14 AR —VIcaEsh
T2 A X UHROE— 7 38, 73 2915 em ! )
TSRS 1 o 12 iR/ N —VIicaEsh
T-AZ CHEROE—7 NEND Y. 2 >OmE:
X7 = EHEROEBEEZ N EZITHHDOD,
BBEE3:1 700, fEiE T RORNF—
Ul —HT 5.

— 5, AR TN RERT AN RL—
kT, flFER A &2 g R L— | & Rl U 72 B,
2900 cm'~2920 cm! (IED 2 DD Y — 7 HFED

Copyright©2020 A#E+EEN H ART K2
The Japanese Society of Snow and Ice



-@-

ASD[%0V-SMOW]
w

LMBHED TR No.39 (2020)
Annual Report on Snow and Ice Studies in Hokkaido

KFERGAFLEDE(HRE—/14 FL— FA)

2

1

0
ARy IRV Zany BA%R P A
NFL=F N FL=F ~NAFL=F ARV i = VA

3 AFUAL RL— kD, ZH g FL— kD, Fassund Rl— k3, 8 EOKHED

AB s TaNRE

K/NBBMRHER L TR Y, fEfmfE IR o/ r—
CHROE—7 BDEFHEIZKRE V. £, TR
A Rb— b7/ HEOE—27 5, [F
FEIZAHAVD 2900 em! fHlE D/ NS e e — 27 137
RN EDBBEDTHY, A X IR —2I2iE
EALBESNTWRWEEZBND. 2Dk
B, BEFFEDNA R L— FaBHTIEIERS

NHTHLEBZZBND.

[ 31%, MEHhiCKFERNARLD 2GR T AFE D
6D b A RL—hMEDOD ZAELSIWED
DYEASD EL7-bDTHD. HEDTZHDH
Prig A B g RL— R D, =X g RL— |
D, BXO T a0 RL—k YDRITATED
fE & BT, AWFFEOIKFE RN S B ORI E
EREF O, BATHEOMEA Z A KL
— T 48 * 04%, =X /A KL— KT 1.1
+ 0.7%0, 7/ A RL— hT44 £ 0.4%0)
(XL, ABFTRED A Z e T /RUBAERD A S
ATHOWNTIE 3]+ 1.0%, PN ONTE
55 = 1.3% Thole. FATHIIE & Ak, AWF5E
WZBWTH, AXUBIOT 0 RUIIRET AR
WZEBWTH, AT ASD LV A FL— MNEDOT
2D DFB/NEL Ipote. a2 BnTiX

RHANA R L— F DRFZRINLIAST

FIER, IRERE BITK S%oD NI HIL, A X
N 7t1/\/(E'/\T BWTY, urokE
RN BN Z 5 Z E RS2, —0F, A X
VBV, MR T oL, AT
1N ARE SR D D IKFERALAR T BNE N B2
INS L R DREREAFTZ.

4. BEBLUFELD
TR ETANTAET DT AN, RL—
i, RS DR AR S NS, £ LT, 7
Dﬂ/ TS DAL 16 HIRK 7 — 2D &
WEEESND. 22 TEHET, Mmoo
RL—h&, KFFEDRA Z 2 Tas S ARERTT
ZNA RL— MIBNT, 7a S0 DN TR E 7
— VYA XD NWTHE X THDL. WFED,
st IE LR 16 HIEK 7 — o7 m o idmss
EINBID, Tu O TRIZHT B —T%
A RITHEAT AR, IRERMNITCR—ThH 5. @
2T, TaszonTl, i AR, BARE
BT, TN DIRFERNAR BB B 7=
NHLNIRNoTz, EHHATED.
—J7, JATRRGE DOMIEIR A 2 g KL — |
ERMFED A K v T a ARG RH ANA R

Copyright©2020 A#E+EEN H ART K2
The Japanese Society of Snow and Ice



EWEEDOEIK  No.39 (2020)

Annual Report on Snow and Ice Studies in Hokkaido
— MZBWNWT, A X IKRKRRNAEZRIORKE X2
EZNHSTZ LIZONTEZXTHD. £T, AXF
Vo T ARG R ANA R L— NAERKIREIZ,
fhmmfE IO 16 mEKTr—INZ, A2
aRUNENENED L DI EGRIZRDD, &
CSMHYD 7 /v 9 TRD 7=, RIFFEIZEIT D3
BHER T EIZ ANy FHTHY, A FL— MERR
FEICIZ 7T R idong R L— MEIZIRHME ST
W Zon, Bea e bW AN ENT 5. L
Telo T, ETVHREICE DB RIILT LHHE
RO L THDE DT TIERWD, B IZHIH 7 A
IR TN A X 80%, /8 20%E L
=8y, R G MDA Z L T a0 16
KT — Y EHAERITENEN, B 07% &8
993% Tdh-o7=. LI=ZN->T, KWFFEDRA X L -
TaNARERHTANA RL— b DAX DK
Feid, FEERE TR 12 mE/ N — DI miE S
nNTWaEEZLNDL. ZOZ EiE, T~vr AR
7 M 2)DREREBABELTND.

ZZETEEELDD L, FATHIE DVOMIFLR A
BN RL—=RDAK L, D 455D 3 HfE
mafE TR 14 IR KR —vicagEsnd. —
5, KARZED A L s T AR EZHT ANA R
L— hDRAHZ L, FEidE T o 12 @ik
—VIEREMICEaESND.

T, AR Dy TREERDr—U A X
EDHITHONWTEZTAHL. FmfEE IO 12
AN — @B SN GA I ART, i
E IO 14 HERKRr—icagEsn-=5a07
MW, AZ DG FRICKHT DFERD T — VA X
DX, BRI PDORELRD. A F IKEFRNL
RBIOFEREHbED L, A X NTONTIT,
fEeiEE IR 12 HR N — X0 b, Kk
E IO 14 mIRK 7 —TicagEsniFn, K
FENAESBIRNREW, 22T, THIndin
ERRIBKREN] EDRFRAENTDHZ LTS,

— 5, IR A X N RL— B X=X
A Rb— M, fifiE TR Z2 AR 5. fhdm
&G T ORI —HIE3:1 THHRD, 14
AR —YOFENRRKREN. 22T, AZ Y,
THUENEND S TR T DD r—
A XA OWTHRETT 5. fidmfd 1RO 14

AR — Il INS=Z Tl R LT
— VNI AZ DR, HLMNZ Td b
VN B TRRZE DT, =X o RL— R &P
A B A Rb— NOFMN, KFEFRNARSBIAK
TNEHEINTWD., LER-T, AXLx
H U DOBBRIZENTH, T ESBINRKE
& DARFITARN LTV .

YLED X 91z, KBFFETIE, RIEKEST A A
R L— MR Z 2 S KERGARS BN, BB
SNAEREEDr — VA XEF AT AL
DY A RIHKIFET D, EDEZEZRBTS. 8
FEIIMOIRA T AR L DHRFEEER 2 D T
L5, EEROMGRE DS OORKEECIE, BiEET
MIEDHEERFREEZLND.

€iE)
HZET A VEOEBRO IOV TIE, B
WFoet (GHERFZE B:26303021) DBIRLE % 15 7-.

(5% X

1) Hachikubo, A., Kosaka, T., Kida, M., Krylov, A.,
Sakagami,H. etal. (2007): Isotopic fractionation
of methane and ethane hydrates between gas and
hydrate phases. Geophys. Res. Lett., 34, L.21502,
doi: 10.1029/2007GL030557.

2) Ozeki, T., Kikuchi, Y., Takeya, S. and Hachikubo,
A. (2018): Phase equilibrium of isotopologue
methane hydrates enclathrated CH3;D and CDs. J.
Chem.Eng.Data, 63(6), 2266-2270, doi:
10.1021/acs.jced.8b00203.

3) RS, RERE, JVARERGA, PTAE

(2018) : T ARUBIOA VT XA K
L — bR DK SEZE ALK ST oK
e Rz (2018 - FLIR) FHEME 22 5 2.

4) Sloan, E. D. Jr. (1998): Clathrate Hydrates of
Natural Gases (2nd ed.). Marcel Dekker Inc.,
New York, 705 pp.

5) Sloan, E. D. and Koh, C. A. (2008): Clathrate
Hydrates of Natural Gases (3rd ed.). CRC Press,
Boca Raton, 721 pp.

Copyright©2020 A#E+EEN H ARZ K TS
The Japanese Society of Snow and Ice



	19_2020_snowhokkaido39_Kamata._NI



