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Study on phase equilibrium of separation and purification for gas with

high CO, concentration based on hydrate method

ZHANG Baoyong'*, YU Yang'*, WU Qiang'*, LIU Chuanhai'*
(1. Department of Safety Engineering, Heilongjiang University of Science & Technology, Harbin 150022, China;

2. National Central Laboratory of Basic Research of Hydrocarbon Gas Transportation Pipeline Safety, Harbin 150022, China)
Abstract: The determination of the phase equilibrium of high—concentration CO, gas hydrate is a key issue in the utilization of gas drainage
based on gas hydration separation technology. Using the visual gas hydrate phase equilibrium device, combined with the constant volume
temperature search method and the observation method, the phase equilibrium conditions of three high—concentration CO, gas samples at
different temperatures and pressures were first measured, and the high—concentration CO, gas was proposed on the basis of the experiment.
Then, a mathematical formula was fitted to describe the relation of phase equilibrium temperature and pressure. In addition, the difference
in hydrate phase equilibrium between high—concentration CO, gas samples and pure CO, and pure CH, gas samples is compared. The re-
sults show that the conditions for the formation of high—concentration CO, gas hydrates are relatively mild. Specifically, the phase equilib-
rium pressure in this test range is the lowest at a temperature of 0.44 °C , which is 1.58 MPa; the phase equilibrium temperature and pres-

sure of high—concentration CO, gas hydrates are in a binomial relationship; the phase equilibrium curve of CO, gas hydrate lies between
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the phase equilibrium curve of pure CH, and pure CO, hydrate, and is closer to the phase equilibrium curve of pure CO, ; at lower temper-

ature and pressure (0.44~4.94 °C, 1.58~2.80 MPa) , the gas increasing CO, concentration in the sample can reduce the phase equilibri-

um pressure of high—concentration CO, gas hydrate and improve its phase equilibrium conditions. At higher temperature and pressure

(4.94~7.80 C, 2.80~4.02 MPa) , the change of CO, concentration in the gas sample has an effect on hydration. The phase equilibrium

conditions have little effect; the difference between the calculated value of the pressure obtained from the relationship between the phase e-

quilibrium temperature and pressure of high—concentration CO, gas hydrate and the actual measured value is small, and the average rela-

tive error is 2.33% , which can accurately predict high concentrations CO, gas hydrate phase equilibrium conditions. Phase equilibrium

measurement results of coal mine gas with high CO, concentration provide experimental reference and theoretical basis for the selection of

temperature and pressure in the gas separation and CO, capture and sequestration technology based on the hydrate method.

Keywords : high—concentration CO, gas; phase equilibrium; coal mine gas hydrate ; hydrate formation/dissociation test; coal mine gas utilization
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Fig.1 Visualized apparatus for the measurement of
coal mine gas hydrate phase equilibrium
RAEAEE LR L/ o3 ik, SE TS R /K5 0 ) i AR -
W E . X TABERRR, KS YT S50z
SRR R RO S R (BAE R 2 RIR R N, A
A I g SR SR AT 5, R R B e R X i
— AR sy T2 ] 0 S R AN, R
TR AT T 5 R N AR E L H Y
se N TR HPAE L, IF LA S AP A 5 R
2R T £ TN b Yk B2 91 R PR — A P A
JEX R AR IR T
SRR R R EE CO, BUINT B WA i)

PC i 6 FUIO SR G162 G3, I AS A IRLEE |
JIE 3 ARG 73 BT K A AR A 2 AR
W EWSE 1, £ 1P GL G262 43 HIXT R A &

I, G1 iss 1 il d 5o 1 -1, Hfl i
LI

®1 BRE CO,RHKEUHTEHRBRFFRMNELR
Table 1 Conditions and results of hydrate phase equilibrium

measurement for coal mine gas with high CO, concentration

TR0 Z5 1 AP 21
WP AR
BEE/C ESi/MPa JEE/C EJS1/MPa
I-1 0.92~8.84 1.72~3.31 1.47 1.72
I-2 1.31~5.40 2.04~2.99 2.80 2.04
1-3 Gl 1.71~8.07 2.58~3.49 4.94 2.80
I-4 2.16~9.45 2.53~3.07 5.32 2.95
I-5 1.85~22.70 3.33~5.40 7.80 4.02
m-1 0.44~16.33 1.52~3.21 0.44 1.58
n-2 2.45~10.09 1.96~3.34 2.45 1.96
n-3 G2 2.47-~9.62 2.45~3.48 3.45 2.45
-4 1.71~17.70 2.84~4.01 5.50 3.00
-5 7.44~18.17 3.92~5.07 7.44 3.92
m-1 0.92~10.28 1.66~3.46 0.92 1.73
m-2 1.42~9.12  2.02~3.02 2.56 2.08
m-3 G3  0.64~8.62 2.44~4.00 3.81 2.57
-4 1.05~23.25 2.58~4.46 4.52 2.58
m-5 2.84~21.32 3.33~5.39 6.29 3.33
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Fig.2  Variations of pressure and temperature with time
during phase equilibrium measurement in system [ -2
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Fig. 4 Influence of CO, concentration on hydrate phase

equilibrium in coal mine gas with high CO, concentration
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Table 2 Fitting results and deviation of phase equilibrium for coal mine gas hydrate with high CO, concentration

. AP 2 . ) - -
B e PUARF-# s 1/ MPa R/ MPa HIX 22/ %
HREE/C J£J1/MPa
-1 1.47 1.72 1.79 0.07 4.01
1-2 2.80 2.04 2.12 0.08 4.13
-3 4.94 2.80 2.82 0.02 0.63
-4 5.32 2.95 2.96 0.01 0.36
1-5 7.80 4.02 4.04 0.02 0.51
m-1 0.44 1.58 1.58 0.00 0.02
-2 2.45 1.96 2.03 0.07 3.52
-3 3.45 2.45 2.31 0.14 5.52
-4 5.50 3.00 3.03 0.03 1.01
-5 7.44 3.92 3.87 0.05 1.33
m-1 0.92 1.73 1.67 0.06 3.36
-2 2.56 2.08 2.06 0.02 1.04
-3 3.81 2.57 2.43 0.14 5.53
-4 4.52 2.58 2.67 0.09 3.36
-5 6.29 3.33 3.35 0.02 0.68
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Fig. 5 Phase equilibrium measurement results and
fitting curves of pure CH,, CO, and coal

mine gas with high CO, concentration' >’
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