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Experimental and kinetic studies on methane replacement from
methane hydrate formed in SDS system by using pressurized CO,

LI Zunzhao, GUO Xuqiang, CHEN Guangjin, WANG Jinbao, YANG Lanying, WANG Ting
(State Key Laboratory of Heavy Oil Processing s China University of Petroleum . Beijing 102249, China)

Abstract; The process and kinetics of CH, replacement from CH, hydrate formed in sodium dodecyl sulfate
(SDS) system by using pressurized CO, was observed with a self-designed device at temperatures of 271. 2,
273.2 and 276. 0 K and at pressures of 2.8, 3.25 MPa. Experimental data showed that the decomposition
rate of CH, hydrate was faster in the first 50 hours than the later time. Above ice point, the decomposition
rate of CH, hydrate was faster than that below ice point. Based on the rate data, kinetic models were
developed for CH, hydrate decomposition and CO, hydrate formation.In the process of CH,-CO,
replacement in the hydrate, the activation energies were, calculated 28.81 kJ « mol™" for CH, hydrate
decomposition and 68.40 kJ ¢ mol™' for CO, hydrate formation respectively. The analysis of the
experimental data and activation energies indicated that CH, hydrate decomposition was probably dominated
by re-arrangement of water molecules in the hydrate and CO, hydrate formation was probably dominated by

diffusion of CO, in the hydrate.
Key words: CO,; CH, hydrate; SDS; replacement; kinetic model
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RGLL A A, ] LR 28 i AN 5 N R
s, g By TR, BN AT EMNE £
AN 200 ml, TR HT S A AT A 38 A 1)
ALEE . AR 220 ml; fHiR S AE (BS CW-
YEF-1) i RS ga A0 as S A2 48R B 0.1
K [N 28 A AR Il 32 PR 28 e 0 28 BE T ORG240 W B
LM E, KEERE0.1 Ky NS HMHE 8%
AR B LR )% B, &R 20 MPa,
DB RS B2 £0. 01 MPaj 5256 F2 v e R “0RE i
HP6890 AR (38 AL BEAT 20 Mo T T 25 B9 5 /K Al
+ Tk B R 4N (sodium dodecyl sulfate, SDS)
SR BE R 0.1 mg 19 TG328 BIAMHT RSEFr & F
PR B 4l i ORI S T34 1.
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Table 1 Purity and source of experimental gas or reagent

Component Purity/ % Producer

CH, 99. 99 Beijing AP Beifen Gases Industry Co. , Ltd.

CO» 99. 99 Beijing Xiatian Gases Co.

SDS 98 Guangzhou Chemical Reagent Factory
de-ionized  15X106 prepared by water distillation(SZ-93,

water Q- cm Shanghai Yarong Biochemistry

Instrument Factory)
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Fig. 1 Schematic diagram of experimental apparatus

1—sample connection; 2—pressure pump;
3, 5, 8,9, 13, 14, 18, 19, 21, 22, 24—valve;
4—inlet/outlet for liquid; 6—piston; 7—glass window;
10—equilibrium cell; 11—magnetic stirrer; 12—air bath;
15—temperature sensor; 16—pressure sensor;
17—data acquisition system; 20—CH, gas cylinder;

23—vacuum pump; 25—CQO; gas cylinder
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Table 2 Experimental conditions

T/K p/MPa Maﬁg 0{ n‘(‘HrH "‘(‘()2.(; nco, .6/ nen, 1
solution/g /mol /mol 2 !
271.2 3.25 50.0 0.4007 0.4240 1. 058
273.2 3.25 50. 1 0.4017 0.4525 1. 126
276.0 3.25 50. 0 0.3989 0.4851 1. 216
273.2 2.80 60. 6 0.4710 0.3438 0. 730

J N3t FE R, AS TR B 20 B SR R K A A Y
CH, 1 CO, & ERAUTAXITE

ey, .6 = Moul.G 1CH, (3)
nco, .6 = NMTowul.G 1o, 4)
Men,on = "i‘nl.n T Meny e (©))
Nco,.m = ﬂi(‘()z .G Mo, . (6)

x 3~ 6) P npacfE AP CH, fi1 CO,
SHIPIBR EE . ney o M o, 20 90048 K5 WA
CH, #1 CO, &,
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5 CO, KA W0y A i #R A WS . IR BE X E
P R 52 B o B B, U AE VK S L . CH,
IKE WY o3 AR AL . AR 276. 0 Ky, B4 T
3ShAfi, SAMH A Er CH, MEMRC LB EKE
YAR B CH, & 7.50% ., 78 W %) 46 By Bt 10
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Fig. 2 Amount of decomposed CH, hydrate

(n“‘ll ) as function of time
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Fig. 3 Amount of formed CO, hydrate

(n¢o, .u) as function of time
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Fig. 4 Amount of decomposed CH, hydrate

(new, ) as function of time
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Fig. 5 Amount of formed CO, hydrate

(n¢e, .n) as function of time
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KA AR CH, 1 CO, XF N Y - 7 S A 1Y 3% 5
Kl Chen-Guo #5128 4 45 52 15 A] (1) 7K £ 90 4 40
B LR (T JEJ3 (p) 35 AN [E I Z1 K
SWMAR A 5 FX 6) RG], R
TR AR A DO TR, AT H SO A AR R A .
XL T AR M A g (B2, B3,
B 400 A h 2R A il £ O R G s ] >R S B AT 45 21 s g 3
T rp A ) B 220 0 S B R, RS Al (9) Ak
(10) BPAT 3158 kpee Bl kpom o AS [ RLEE T B9 T 545
RI|TFH 3.

3 325 MPaRRBET koo ki 31 B 1E
Tabel 3 Calculation values of kp. and ky,m at

different temperature,3. 25 MPa

, kpee X 10° kEorm X 10°
T/K ) 4
/moles lem ?e¢MPa! /moles !em 2+« MPa!
271.2 1.4140.05 4.34%+0.06
273.2 1.54=+0.04 4.9540. 07
276.0 1.76 0. 06 6.8740. 06

W Inkpe A1 Inkpo., X BE /5] 801E B (6D,
KA M & BRI Al AR 4% Arrhenius 245K 1% CH,
IKA W) 4 M SN TG AL RE R CO. 7K A W 2B B
s A fE. o> ) b 28.81 K] mol ' FlI
68.40 kJ « mol ',
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(@
-9.6
S 9.8
%
=]
— -10.0t
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Fig. 6 Temperature dependence of rate constants

(k[)cc and }\’}‘o,m> at 3. 25 MPa

MR 5E T Uk 5 BAR (260, 3~271.8 K)
SDS k& CH, /K&W 43 5h 71 %, 13%] CH, K
AW TG AL BE R 165.1 k] » mol ', JR35 H B
FNEHS RT3 T, vK)Z G IR, SRR VK2 TP B K
BRI A SGHRE R CH, KA Y0 53 i 16
1k g 28. 81 kJ « mol " E I ILIRIEMEMMBE L, XAl
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R R A ScH CH, 4y FAEAE R CO, JKE Y
PHECE AR Y B £ . 54, Ota 5 H
Clapeyron J5 B 5 CH, /K & ¥ 4% it 4 15 vk Fl
CH, SR ke~ 14.8 kJ « mol ', A& 3045 3
) CH, K& )0 43 g 5 fL g (28. 81 kJ + mol ")
HItEE T, B EgR, arrsl 8)
() ke sz CHy AKEYI R EFH R .
AR EN ) CO, K G WA BLiE fLRE Ry 68. 40
kJ « mol ', X —HUH ARG R K CH, K&
Iy R TG AL RE (28.81 k] » mol ') FLEIR £,
A SR AR TE R A T T R B = I R RE . KA
FAEVKA PP B TS L REAE 70 kT » mol ™ A4,
Wang 557 b FAi 058 7 CH, K& W4
BN 1% RRUKE YA T CH, 43 8 #o 6 1k
AE 61.5 k] « mol ', ARILIFEIH CO, KGYHE
WG ALRE (68.40 kJ « mol™') T tfH. %ofi [
M 2E Al e & B oy CO, 44+ 5 CH, 4+ #1 H,O
BT RN, Bk CO, 7 F 18K A YA 4 i
AL R B R N AR CO, AR K A W R

3 % #

(D LEHFFREW. 1€ CO, B CH, KE&Y
R CH, RO H 3 B IR 7 X6 5 1 3 28 1 5% e
BN, B . )RR 0T B 4 S B
AL AER . K LA B, CH, K& Y1 4y fif

(2) B¥eadfrh, CH, K& W o fift I 3
25 CH, 7E/KG WA X5 I i = A8 1 i 3% 22 Fn CH,
SR EZ Z2IEL. CO, KA WA BGH
25 CO, AN 4335 BEF CO, FE7K A5 W) AH T L
) = AP B 2 25 RIE .

(3) S5 B SRR . AL T4 H A0 A S A
R, PR R E e N R T CHLY KA W 53 i i
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