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Abstract

Hydrate formation conditions of twelve synthetic hydrogen 4 hydrocarbon gas mixtures (H, +

CH,, H,+ C;H;, H,+ CH,+ C;H;, H,+ CH,+ C,H;+ C;H;) were measured in a sapphire cell using

the “pressure search” method. The experimental temperature range was 274 — 280 K, and the pressure

range was 0. 65 — 7. 0 MPa. The hydrogen content in the gas mixtures varied from 22% to 92% (mol). By

using PR equation of state and suitable mixing rule, the Chen-Guo’s hydrate model was extended to

calculate the hydrate formation conditions of the hydrogen-containing systems. Satisfactory agreement

between experimental data and calculated results were achieved.
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Fig. 1 Scheme of experimental apparatus
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DP—differential pressure transducer;

RTD—resistance thermocouple detector
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Table 1 Hydrogen+ hydrocarbon gas mixtures studied

¥/ %
Mixture

H: CH, C2Hs CsHg
M1 36.18 63. 82 — —
M2 22.13 77.87 — —
M3 87.22 — — 12.78
M4 81. 64 — — 18. 36
M5 77.10 - — 22.90
Ms¢ 57.54 23.87 — 18.59
M7 60.17 21.88 — 17. 95
M8 82. 43 9.05 — 8.52
M9 89.11 6. 37 — 4. 41
M10 70. 82 . 16.55 6. 09 6. 54
Mi1 76. 14 12. 36 4.58 6.92
Mi2 88.93 4.31 1.93 3.83
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Fig. 2 Hydrate formation conditions of

hydrogen + methane gas mixtures
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Fig. 3 Hydrate formation conditions of

hydrogen + propane gas mixtures
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Fig. 4 Hydrate formation conditions of

hydrogen + methane 4+ propane gas mixtures
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Fig. 5 Hydrate formation conditions of hydrogen—

methane 4 ethane + propane gas mixtures
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Table 2 Parameter k,; between two hydrocarbons

Component CH, C: Hs C3Hs
CH,4 0 0.01 0.023
Cz2Hsg 0.01 0 0. 0031
CsHs 0.023 0. 0031 0

Table 3 Parameter k; between hydrogen and hydrocarbons

Component ka; kY; k),
CH;, 0. 381 0. 750 0. 858
C:H, —1.273 0.043 —0.543
CsHs —2. 304 0. 401 0. 231
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Table 4 Calculation of hydrate formation conditions for gas mixtures containing hydrogen

Mixtures Temperature range/K Pressure range/MPa Number of data AADp/ % AADT/%
M1 274.3—278.2 4.46—6.63 5 7.53 0. 29
M2 274.3—278.2 3.72—5.34 5 8.63 0. 34
M3 275.2—278.3 2.20—4. 00 4 10. 06 0.14
Ma 274.2—278.1 1.26—2.72 5 4.14 0.07
M5 274.2—278.2 0. 85—2. 40 5 5.12 0. 08
Mé6 274.8—278.4 0.65—1.08 5 9.60 0.21
M7 274.5—278.2 0.70—1.15 5 4.16 0.10
M8 274.2—280.2 1.44—4.44 7 4.20 0.10
M9 274.2—278.4 2.74—4.98 5 6. 46 0.14
Mi1o 274.1—279.2 1.14—2.96 6 8.92 0.21
M11 275.3—279.7 1.46—3. 28 5 9.94 0.21
Mi2 274.5—278.4 3.56—7.02 5 2.46 0. 05

T T

Note: AADp:”“—;_&'—Px 100%, AADT=

exp exp

2.3 HHERETiE

FIF Chen-Guo K& ¥4 B & 4 Bl U 28 8 #E
B, KA PR-EOS KA KX BT M IEX N &1
MBEAEAMTTRWEMN 12 M H, SEREY
MAEBEN#TTHE, TEREMNEREMNR
BiREFTER 4. MENMERRKEYWEREN T
BUE, BEMREYHKEYERENNERE
SitBEAHIREEE, BLE 2~HE 5.

RA4MHTESGRME 2~E 5 %K, Chen-Guo
KEYBR L& PR-EOS F3i i91B & L0 6 45 18
HFHEP S H, SBRSYHRKSWERSMSE. X
T H+CH, R, itEREEK, XREFZE
RNERENER, A0&ERBEERERE. XT
ZukR, ECH, WEARHITEE S LREM
ABMHME, YCH, RkERRNITEENSZRE
HHEE KX,

3 & #

(D LTRWET 1245 H, SEREYHK
EMER KM, % H, + CH,, H; + CHs,
H,+CH,+C;H;. H,+CH,+C,H; +C, H; & &.

(2) F|f Chen-Guo ##I, % PR-EOS ¥t
RIREHM, FXNRERNU P X EEASH
EHEIE, XELRWE R KEYE AR H#HT
TitHE, GREFUTEESEREFSHEYT.

S = #W

PR 585 /1M Z ¥, Pa+ mol’ » m*
b—PREBFHAESH, m’
C. Langmuir 25 15 W% B % 2

a

* mol ™!

cal — Lexp 0,
T X 100%.

¢, d—ERFNTEH « REKXPEYR
L— @S EEREMKEYRNEE, MPa
f— BEYTASL i RE. MPa
Bays ko s kes—— RBIHBEAM P HE o, T
HERSH
p—HEH, MPa
po—WREN, MPa
R—S&E%E¥, ]+ mol™' - K™

T—®RE, K
T—mRBE, K
T,— XHRE
oo ——ANAERKEY. KEKREGYHAS
i W BEJR 4 B
a KEVEHEBE
—FRDTFEEBEELWSE
Tt
cal HEHE
exp— KK {H
H—&XK
i T HBAAS
References

1 Holder G D, Stephenson J L, Joyce J J, John V T, Kamath V A,
Malekar S Formation of Clathrate Hydrates in Hydrogen-rich
Gases, Ind. Eng. Chem., 1983, 22 170—171

2 Ng HJ, Robinson DB. The Measurement and Prediction of Hydrate
Formation in Liquid Hydrocarbon-water Systems. Ind. Eng. Chem.
Fundam. , 1976, 15 (4): 293—298

3  Parrish W R, Prausnitz ] M. Dissociati_on Pressure of Gas Hydrates
Formed by Gas Mixtures. Ind. Eng. Chem. Process Des. Dev. ,
1972, 11 (1): 26—35

4  Adisasmito S, Frank R J, Sloan E D. Hydrates of Carbon Dioxide
and Methane Mixtures. J. Chem. Eng. Data, 1991, 36. 68—71

5 Thakore ] L, Holder G D. Solid-Vapor Azeotropes in Hydrate
Forming Systems. Ind. Eng. Chem. Res., 1987, 26; 462—469


http://www.cqvip.com

| gog httg://www.cgvip.coml

+ 28 & I ES ® 2003 4 1 A

6 Yamanlar S, Poettmann F H, Sloan E D. Control Hydrate 10 Peng DY, Robinson DB. A New Tow-Constant Equation of State.

Formation. Hydrocarbon Processing , 1991, 70 (9): 155—161 Ind. Eng. Chem. Fundam., 1976, 15 (1). 59—64
7 Sloan E D Jr. Clathrate Hydrates of Natural Gases. New York: 11 Liu Kunyuan (XEJT), Wang Wenchuan (JE3C)I|). Calculations
Marcel Dekker, Inc. , 1990 of Vapor-Liquid Equilibria of Hydrogen-containing Systems With
8 Prausnitz ] M. Molecular Thermodynamics of Fluid Phase Equilibria. Peng-Robinson Equation of State-modification of Parameters for the
Englewood Cliffs, N J. John Wiley, 1969. 391 Supercritical Gas. Journal of Chemical Industry and Engineering
9 Chen Guangjin (Bk¥E#), Ma Qinglan (B %), Guo Tianmin (China) (LT 24R). 1989, 40 (1). 73—81
(¥ X B). A New Mechanism for Hydrate Formation and a 12 Boston J F, Mathias P M Phase Equilibria in a Third-generation
Simplified Hydrate Thermodynamic Model. Journal of Chemical Process Simulator. In: the 2nd International Conference on Phase
Industry and Engineering (China) (b L24#), 2000, §1 (5).: Equilibria and Fluid Properties in the Chemical Process Industries,
626—631 Berlin (West), March, 1980

(esew]  AXFRENBLEDIEHA

AXBHBFARBRIARE —FERBRANER. ZTZ5REFHORARMLE, TRAMEMALE™T
2, BE—-FMUMIFARORMERN TZAUEARLEY, RARASERMTLTZ, mHUMAEESH
FASURETUATT. ZLZARENRIEREEBIRMR L, ERERBML, £ HRALT R
HTFREEESRE, ELRE, BHit, SREMCSUNRAETESERA, WARRKEBIFHH.

HEFLHBIE PVC B ATBMIER

B (BIHAR) ME, FENBRRKFRIART —HFHER, BRTREELSHE (PVO > RBEHIH
8 70) 5wy A A £ R 614 ) R

B EDUIBKEM N T#MMWAEHE 10 ARR, MHASAFHNTNEACERNFLLPIE PVC Y
FBERAOEAR, FHERTLOEMBAEEMEEA PVCOTAH. 2HEEEAMRRERMEE, XA
FEAHEN PVC = RHM PR OBEREILEIZE.

FESE_AREENPVCHBHBANAEEMHLYHEYRRE, EMNRBYHRER™RTERE
ANEEE, LNSBHNSREAAZER, MUBKRIFEHE.

HTRAOFERRAOER, AIEZHFEH, B PVCHRAMNERALEE, HIREERY. WRHF
ERBANE, BRFEE£=E Y 1500 Figy PVC Tk &4 R34k,

(#a “vYRALIEZERT)

w.yr


http://www.cqvip.com

