2013 4£ 4 s iR Vol.32, No.2
April 2013 ROCK AND MINERAL ANALYSIS 278 ~283
NERS: 0254 —5357(2013)02 —0278 —06

2 /\ >y N NI = X Y Q £
SRPSLY ot LAty BUN G LY S N e L L S A R E
R, 2GS RO, AR, TRIE4ET, RRE
(L. [ A SRR I A IR S PR M SR T S S0 =, SIS BT, LR H 5 266071 ;

2. H BIEEH AR, IR B 2660715 3. E KRS SRR, fEEE E] 361005,
4. v E TR (R0 BRRAE e, A B 430074)

HE: ALATHH T —ETRAKGWERER IS FRETIRAS
Wyoly & AL AR IR R AR AW A RALE A R B BRI R R £
BEATALAL, ) £ SRk R AR PR 2 HF KT Na® [Ca’" Mg’ [Cl7 |
SO; 4R E A K IRIT KRS AR TG B ETIA S TFREST
WZ A K ZAn B TR TACHLAE . 2 REN, HARP FleRE4 & &
AARKGEAE, EAIR G5B T TRARRAG KRS ntE BE
T TR A BRI A F R B In, FUIR K69 3 B A KT
WEAE S F AR EA R e XA T AL R G KA Xk (4E
X A% 0.9848 ~0.9950) , B R 2 T bt K& £ AL B BRARE 69 %08
FRE A RIRGRAFE T EMRN, B FREFEMMKNG EF.
XA AR A BN A RAKR S R BILR KT F 2B FeREm B R

KA 8 FIRA A TR T IR

K RS AR AT B E T UL

RESES: TEI22 XHEKFRIRAS: A

KIRFOKE Y EZ P B KGR, & —Fh
EEANEIEREIR . KA AR S T
BN TR Bt R v 25 7 A i ZU A HEER 500, A HC ]
FELFLBR K s T AT R Y . TER IR SR &
Vs 8 X K G ) 2 WG PRE IR T 250 i A8 T 43
fiff, 7 HE IR K S DURR ALK B g - €L
SO, ™ e BE TR P TR 13 1 AR A AR 4k , HL Ak 2 3R
i MR 22 J2 B KRR SR B ke ai 2URI IR
PG LK B Ca’t L Se?T Mg™ T L
Je Mg®*/Ca** (S /Ca’" (S’ /Cl™ 1Y Le Bt A2 7E
SERWHG X A U ER AL R AR T RO A
RPN RAR SR G W E B AR A, X T R AK G
PR TR A A BAT B AR X

R, A G R ARUKE Py s R4 25 5 5 A AL
SERZAE P TR K G W U ) 5 AR
AR KRR BB SE TAR E D 4%
PEN, KA W 1~ i P88 i o 1A R 8 Wk B 1Y)
BE AN W REAG , X SE TS 2 T AR s T

Fm EHE: 2012 -05 -22; #=F HHES: 2012 -07 -08

WP LA KL SRR Z IR R . Fe R
JE FOR S B BE K A i A v BT AR A e
PRI FE SRR IR S TR AN (L, P
RARFPK WA KB T WL SR YRR
A1 FR) O A%, BRIV AT 38 2o 7 7 B 1V X K3 WD AR X
AT HIRT . A SCHI A AT 0K S PN
BB A BB G, I X i K B ik
JEVATESENE , W18 B B TR EAE P e K & )
A L A R B AR

1 OKEPIE IR R

3 A R e T T K R R SRS ABI A IR FRBE 1)
Rt R A, A5 — 5 B IS 1E] 1A, 35 PR A 2 P ) 22
AR BE RS, AR SCR AT E AT B9 H K & 4
RRADHE B AT SC 0, 1k B o e TR T PO 28 AL
P R GEAR R RGeS AR (B 1) o i A
SRz BRI, R T POT et AR BT
530 mL, A 7R 55 K 104 25 MPa, Bl A Al 4

EEWA: [ SRR A T LRI I (201111026) 5 1L AR B A JE TR 91 H (2011GHY 11527 )
TEE 'S AEED, SPTRN, 2 H A LK G SR Bty M7 T/ . E-mail: renhongbol 111@ 126. com,

— 278 —



AW, 55 e W A FSLaed A v K 8 R B ) A A L

FH32E

D

e B
)
U
I

]

[S1R]

>

M

|
|
|
|
B RIR S |
|
|
|
|

() v

HIIFEST

ERR e

I T SE LD & US|

Fig. 1 The sketch map of the apparatus for methane hydrate formation
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Table 1 The changes of ion concentrations in the process of methane hydrate formation

CRBIRIE] URIES) RGIRE O BTROREE UM W beRE R

BT py/ (mg - L")

.
Gl t/h p/MPa 6/C B V/mL V/mL n/mol B/ Yo Ca*  K* MZ* Nat G- SO-
0 7.9 2.0 0.0 330.0 0. 0000 30.5 393 382 1233 10173 18542 2586
11 7.5 2.0 2.5 332.5 0.0713 31.5 408 391 1266 10460 18987 2593
= 17 7.0 2.2 2.5 335.0 0. 1644 34.5 436 415 1345 10980 20118 2752
23 6.5 2.0 2.5 337.5 0.2536 36.0 454 437 1420 11570 21113 2897
35 5.5 2.0 2.5 340.0 0.4413 40.5 514 490 1601 13120 24137 3276
65 5.2 1.9 2.5 342.5 0.4915 43.0 537 505 1680 13630 25122 3466
0 8.1 2.0 0.0 330.0 0. 0000 30.5 393 382 1233 10173 18542 2586
2.5 7.6 1.9 2.5 332.5 0.0914 32.0 402 395 1269 10347 19300 2717
B4 4.5 7.4 2.0 2.5 335.0 0.1641 33.0 422 404 1302 10667 19913 2801
15 5.7 2.5 2.5 337.5 0.4947 42.5 531 510 1651 13527 25499 3565
24 5.3 2.0 2.5 340.0 0.5810 46.0 561 534 1729 14107 26823 3730
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Fig.2  Generation locations and morphology of methane hydrate in the experiment
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Fig.3 The relationship between the methane gas consumption

and the salinity of seawater
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Table 2 The linear relationship between the major ion concen-

trations of seawater and the methane gas consumption

WHET -4 I FREL
Ca’* p =303.37n +382.26 0.9950
K* p=273.62n +371.28 0.9947
Mg** p =926.56n +1194.7 0.9933
Na* p =7416.4n +9816 0.9921
cl- p =14774n + 17888 0.9931
S03- p =2025.6n +2480.6 0.9848
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Fig.4  The change of ion concentration in the two groups of

experiments with a same methane gas consumption
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The Concentration Changes of Major Ions in Seawater During the
Methane Hydrate Formation Process

REN Hong-bo"” , LIU Chang-ling'”*, CHEN Min®, LIN Xue-hui’, ZHANG Yuan-yuan® , DENG Xing-bo"
(1. Key Laboratory of Marine Hydrocarbon and Environmental Geology, Ministry of Land and Resources,
Qingdao Institute of Marine Geology, Qingdao 266071, China;
2. Qingdao Institute of Marine Geology, Qingdao 266071, China;
3. The Third Institute of Oceanography, State Oceanic Administration, Xiamen 361005, China;
4. Faculty of Earth Resources, China University of Geosciences ( Wuhan) , Wuhan 430074, China)

Abstract: A description of the synthetic experiment of methane hydrate is given in this paper, along with a
preliminary study of ion concentration changes during the process, whilst providing important technical support for
the gas hydrate geochemical exploration. In this article, the development of a set of experimental devices, which
simulate the formation process of methane hydrate, is also discussed in this paper. The position and shape of
hydrate, the reaction time, the temperature and pressure of the experiments were observed during methane hydrate
formation. The concentrations of major ions including K*, Na*, Ca’*, Mg’*, Cl~, SO;™ were continuously
detected during the process to investigate the relationship among the major ion concentrations, temperature and
pressure. The results show that methane hydrate forms randomly in seawater. It may have a different nucleation and
agglomeration process of hydrate under the same initial conditions. There was a good positive linear relationship
between the ions variation and methane gas consumption in the system with the correlation coefficients between
0.9848 t0 0.9950, which was not affected by the formation position and morphology of the hydrate. The ion content
had small differences under the same gas consumption in the microenvironment of the methane hydrate formation
process. These important features provide the basis to make a preliminary estimate of gas consumption by using the
major ion content in pore water around the methane hydrate.

Key words: methane hydrates; formation process; gas consumption; concentration of ion in seawater
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