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Abstract : The bubble point pressures of binary mixtures of carbon dioxide (CO,) and N,N-dimethylformamide (DMF) were
measured by using a high-pressure experimental apparatus equipped with a variable-volume view cell, at various CO, composi-
tions in the range of temperatures above the critical temperature of CO; and below the critical temperature of DMF. The
experimental bubble point pressure data were correlated with the Peng-Robinson equation of state (PR-EOS) to estimate the
corresponding dew point compositions at equilibrium with the bubble point compositions. The experimentally measured bubble
point pressures gave good agreerent with those calculated by the PR-EOS. The variable-volume view cell equipment was
verified to be an easy and quick way to measure the bubble point pressures of high-pressure compressibie fiuid mixtures.

Keywords : Bubble point pressure, Carbon dioxide, N,N-dimethylformamide, Variable-volume view cell, Peng-Robinson equa-
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Figure 1. A schematic diagram of the experimental apparatus: (1) variable-volume view cell; (2) piston; (3) spin bar; (4) sapphire window; (5)
magnetic stirrer; (6) temperature indicator; (7) borescope; (8) CCD camera; (9) light source; (10) monitor; (11) CO, sample cylinder;
(12) Dewar flask; (13) Heise pressure gauge; (14) water; (15) pressure generator; (16) air bath; (17) heater and fan; (18) temperature

controller.
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Figure 2. Experimental bubble peint pressures of CO; + DMF
mixtures at different CO, mole fractions,
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Table 1. Experimental bubble point data at various temperatures and CO, mole fractions (x;) for the CO; + DMF system
Mole fraction of Bubble point pressure [MPa] at following temperature

COy, x; 298.15K 303.15K 308.15K 313.15K 318.15K 323.15K 328.15K 333.15K
0.1509 2.11 2.12 2.18 2.26 2.36 247 2.59 2.72
0.2605 2.61 2.76 2.92 3.11 330 3.50 3.73 395
0.3657 3.03 3.25 3.44 3.75 4.06 4.35 4.70 5.01
0.4462 3.42 372 4.07 4.44 4.82 5.23 5.65 6.06
0.5269 3.89 425 4.66 5.13 5.59 6.08 6.58 7.11
0.5793 421 4.63 5.07 5.57 6.09 6.63 7.16 7.80
0.6367 4.52 4.99 5.52 6.06 6.63 7.27 7.88 8.50
0.6710 471 5.19 5.69 6.36 6.92 7.54 8.20 8.88
0.7172 497 5.54 6.06 6.70 7.38 8.04 8.72 9.50
0.7504 5.12 5.69 6.26 6.93 7.55 8.37 9.06 9.84
0.8415 5.65 6.26 6.89 7.62 8.37 9.17 10.06 10.94
0.8789 5.76 6.40 7.09 7.82 8.66 9.49 10.37 11.30
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Figure 3. P-xy diagram at different temperatures for CO, + DMF
system. The symbols are experimental bubble points, and
the lines are the bubble point and dew point curves
correlated by the PR-EOS.
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Table 2. Ctitical properties and acetitric factor of CO; ahd DMF

Compound T./K P./MPa T, /K ®
CO, 304.1 738 - 0.239
DMF 649.6 442 426 0.330
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Table 3. Binary interaction parameters of the PR-EOS for the CO, + DMF system

Binary interaction T/K
parameter 298.15 303.15 308.15 313.15 318.15 323.15 328.15 333.15
ki 0.02017 0.02211 0.02176 0.02422 0.02390 0.02469 0.02373 0.02399
iz -0.05737 -0.05040 -0.04708 -0.04322 -0.04216 -0.04024 -0.04094 -0.04020

Table 4. Equilibrium pressures (P*) and vapor phase compositions (1) calculated by the PR-EOS for the CO; + DMF system

Mole Fraction of 298.15K 303.15K 308.15K 313.15K

COZ, X1 Pcalc MPa ylcalc Pcalc /MPa yicalc Pcalc /MPa ylcalc I,calc MPa ylcalc

0.1509 1.66 0.99942 1.69 0.99925 1.76 0.99904 1.85 0.99879
0.2605 2.55 0.99949 2.65 0.99935 2.80 0.99917 2.98 0.99895
0.3657 322 0.99949 3.42 0.99934 3.66 0.99916 394 0.99892
0.4462 3.65 0.99947 3.94 0.99931 424 0.99911 4.62 0.99885
0.5269 4.04 0.99944 4.41 0.99927 4.79 0.99904 5.25 0.99872
0.5793 4.27 0.99943 4.70 0.99924 513 0.99898 5.64 0.99862
0.6367 4.48 0.99941 5.00 0.99919 5.49 0.99890 6.06 0.99848
0.6710 4.66 0.99939 5.17 0.99916 5.70 0.99884 6.31 0.99837
0.7172 4.85 0.99938 5.41 0.99912 5.97 0.99876 6.63 0.99821
0.7504 4.99 0.99936 5.57 0.99909 6.17 0.99869 6.85 0.99806
0.8415 538 0.99933 6.02 0.99899 6.69 0.99845 7.45 0.99752
0.8789 5.55 0.99933 6.21 0.99895 6.91 0.99833 7.68 0.99720

Mole Fraction of 318.15K 323.15K 328.15K 333.15K

COZ, X Pcalc MPa ylcalc Pcalc /MPa ylcalc P;alc /MPa ylcalc Pcaic /MPa ylcalc

0.1509 1.96 0.99849 2.06 0.99814 2.20 0.99772 232 0.99722
0.2605 3.18 0.99868 3.38 0.99836 3.61 0.99797 3.84 0.99751
0.3657 423 0.99863 4.54 0.99828 4.87 0.99784 5.20 0.99732
0.4462 498 0.99851 537 0.99810 578 0.99758 6.20 0.99696
0.5269 5.70 0.99832 6.18 0.99781 6.67 0.99716 7.18 0.99637
0.5793 6.15 0.99815 6.69 0.99755 723 0.99678 7.81 0.99582
0.6367 6.63 0.99792 7.24 0.99717 7.85 0.99621 8.49 0.99498
0.6710 6.91 0.99774 7.56 0.99688 8.21 0.99575 8.90 0.99431
0.7172 7.28 0.99744 7.99 0.99637 8.69 0.99495 9.45 0.99308
0.7504 7.54 0.99718 8.29 0.99590 9.03 0.99418 9.83 0.99186
0.8415 822 0.99607 9.07 0.99371 9.93 0.99032 10.84 0.98548
0.8789 8.49 0.99530 9.37 0.99201 10.26 0.98704 11.21 0.97983
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Table 5. Deviations between experimental and calculated values in
equilibrium pressures for the CO; + DMF system

T/K AAD* | %
298.15 48
303.15 44
308.15 39
313.15 35
318.15 31
323.15 29
328.15 2.5
333.15 2.3
average 34
* Average absolute deviation, which is defined as:
7 eals €5
44D =_1_§v]ﬂ‘}.. SECh 100 (N: number of data points).
Nz pew

A qrele] At ALK Aole] 2jol, 2 BAdeviation) &
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