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Behaviors of sound velocity in high pressure Ar, CO2 and CO2-Ar gases under 

super critical state 

Yoichi HANAYAMA*,** Tomohiko MAKINO* Yohei NISHI* and Masaki KIMURA**,***  
 

  Abstract: Sound velocities were measured in Ar, CO2 and CO2-Ar gases under super critical region. For Ar, the 
transition curve was obtained from velocity analysis between 333 to 473 K. This curve was discussed relating 
with the critical point of argon. For CO2, the transition curve was obtained from velocity analysis between 300 to 
350 K. For sound velocities in CO2-Ar, the transition curves were obtained and discussed. For CO2-Ar, the phase 
separation was observed by optical method at temperature between 295 to 299 K under the critical temperature, 
and at pressure up to 9.3 MPa over the critical pressure of CO2. 
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Ar 45 100 MPa

Table 1 Sound velocities u in Ar measured for each pressures p between 44 to 100 MPa as a function of 
temperature T.  

p(MPa) = 100.1 90.0 80.3 69.9 

T , K u , m/s T , K u , m/s T , K u , m/s T , K u , m/s 
314.4  727.28  303.0  698.99 299.8  658.59 300.3  617.40  
350.3  707.67  332.8  681.18 326.4  643.92 306.6  613.61  
368.4  700.56  350.8  673.36 342.6  637.56 327.4  603.99  
389.0  694.42  365.3  668.51 363.6  631.46 343.8  598.84  
410.6  689.89  379.2  664.88 378.4  628.67 361.1  595.30  
425.0  687.83  393.5  662.26 397.0  627.90 370.0  594.05  
443.8  686.08  406.5  660.13 401.0  627.51 377.8  593.33  
454.3  685.70  422.2  658.63 408.6  626.85 390.6  592.58  
465.2  685.35  433.8  657.85 416.1  626.54 400.8  593.38  
475.9  685.39  444.9  657.51 424.5  626.34 413.5  593.53  
487.9  685.64  457.6  657.55 433.7  626.35 426.7  594.25  
498.5  686.10  469.1  658.06 442.0  626.55 438.3  595.12  
510.1  686.71  481.5  658.59 452.0  627.04 448.3  596.13  
522.1  687.54  493.9  659.43 464.5  627.73 458.4  597.40  
533.6  688.53  506.0  660.56 473.9  628.77 469.9  599.12  
550.0  690.26  521.6  662.33 480.1  628.90 483.0  601.05  
570.4  692.60  538.5  664.54 507.9  632.55 491.7  602.53  

* continued 

p(MPa) = 58.9 54.0 49.1 44.1 

T , K u , m/s T , K u , m/s T , K u , m/s T , K  u , m/s
302.5  565.73  302.4  543.76  303.3 520.24  301.9  493.21  
322.8  558.24  323.2  537.00  323.1 514.47  309.0  491.79  
332.3  555.82  332.2  535.01  333.4 512.92  323.3  490.36  
342.6  553.99  342.0  533.53  342.6 512.42  332.9  489.88  
353.2  552.57  348.1  532.96  352.9 512.22  342.9  490.51  
362.3  551.82  353.1  532.47  361.2 512.40  353.0  491.05  
373.1  551.35  361.6  532.20  374.6 513.24  361.8  492.12  
382.2  551.41  373.6  532.23  382.9 514.06  375.1  493.85  
392.7  551.51  382.5  532.56  392.1 515.16  383.1  495.25  
402.9  552.49  393.2  533.31  401.3 516.34  392.4  496.89  
421.4  554.01  402.6  534.26    401.8  498.71  
437.1  556.31  411.8  535.50      
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Fig. 1. Sound velocities in Ar at pressures between 44 
to 100 MPa for as a function of temperature. 

Table 2 Relation of p-T given by 
minimum value of sound velocity u for 
temperature change. 

Fig.3. Minimum value of sound velocities 
for temperature change at each pressure. 
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Fig.2. Detail of the change of velocity for temperature in Ar at pressures of 44, 59, 100 MPa, 
respectively, 
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CO2 7.5 50 MPa Table 3
Fig.4

Table 4 CO2

Table 3 Sound velocities u of CO2 at each pressures p between 7.5 to 50.0 MPa as a function of temperature T. 
p(MPa) = 7.5 8.0 9.0 10.0 12.5 15.0 50.0 

T u T u T u T u T u T u T u 
K m/s K m/s K m/s K m/s K m/s K m/s K m/s

288.8 421.9 288.8 429.5 294.3 385.9 288.8 488.3 291.9 498.0 294.2 513.0 296.7 837.1 
291.7 387.9 291.4 395.6 297.1 350.5 298.6 383.2 296.8 453.7 298.4 491.5 309.3 783.4 
294.5 345.5 293.7 362.8 300.2 325.4 304.0 324.5 302.0 410.4 304.0 451.6 329.0 717.4 
296.6 299.8 296.3 317.9 302.0 281.8 308.7 258.7 306.4 370.3 308.4 423.6 348.4 638.6 
298.4 205.6 299.7 238.2 303.5 244.1 314.4 233.3 311.3 328.9 313.6 380.1 364.8 588.5 
299.7 192.5 301.5 200.9 306.4 217.3 320.1 231.8 313.9 304.7 318.0 355.4 372.8 570.6 
308.7 205.4 304.3 199.2 309.7 216.2 325.0 234.5 316.5 288.4 321.1 335.5   
315.4 222.6 307.9 201.3 313.1 215.9 329.7 237.3 319.3 273.7 324.0 321.6   
318.0 219.6 309.7 206.1 315.7 220.1 335.7 241.3 321.9 264.6 328.7 302.4   
322.2 221.7 313.4 218.2 318.5 221.9 340.4 245.5 324.5 260.0 332.6 289.8   

  318.0 218.8 320.6 226.9 344.8 251.0 327.6 256.8 336.7 285.4   
  320.1 219.7 326.1 233.1 350.1 255.9 330.2 253.4 339.4 276.5   
  332.3 232.0 330.5 241.5 356.1 256.5 332.3 252.6 342.8 276.5   
    335.4 244.7 362.1 256.9 334.7 252.7 347.2 275.0   
    341.2 244.8   342.5 254.6 351.1 276.0   
    345.6 248.5   351.1 260.1 355.6 275.8   

 
 
 
 
 
 

p T 
MPa K 

7.5  299.7  
8.0  304.3  
9.0  313.1  

10.0  317.1  
12.5  334.2  
15.0  349.0  
50.0   
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Table 4 The temperature T obtained from 
the minimum value of velocity in CO2 at 
each pressure p. 

Fig 4. Sound velocities in CO2 at each 
pressure as a function of temperature.
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CO2-Ar 10 50 MPa
Table 5 2.5%Ar

10 15 MPa 15 MPa 350 K
 

  5%Ar  
 

Table 5 Sound velocities u in CO2-Ar for several mixtures measured on each pressures between 10 to 50 MPa as 
a function of temperature T.

2.5 5 7 10 13 20 40 50 

T u T u T u T u T u T u T u T u 

K m/s K m/s K m/s K m/s K m/s K m/s K m/s K m/s

1) 10 MPa             

299.1  385.0  308.7  253.7 302.8  271.9  303.3 223.7 301.2 208.7       

306.9  276.0  313.1  223.4 307.7  226.1  308.2 209.4 303.2 211.0       

311.5  250.2  317.8  211.8 310.0  218.2  313.4 214.8 307.6 218.5       

314.4  230.9  324.0  218.3 313.1  217.5  319.1 222.3 318.2 242.9       

317.0  224.4  330.0  225.4 318.5  222.2  323.5 227.7 313.6 260.0       

  336.2  229.9 334.1  236.0  343.3 247.3         

2) 12.5 MPa             

298.4  457.8  307.4  361.6 301.7  368.5  303.5 327.6 302.5 267.4 300.6 236.3     

307.7  379.0  314.9  311.3 310.0  308.8  313.4 269.1 308.1 251.8 312.5 242.8     

312.1  346.7  323.2  267.2 320.4  257.7  318.0 255.2 313.3 250.5 323.4 250.1     

315.7  317.1  328.2  253.9 323.7  252.5  323.7 250.0 319.5 252.1 333.1 257.8     

321.7  277.2  332.6  250.3 329.7  249.7  333.9 249.5 323.9 254.1 344.0 264.7     

325.0  266.1  345.1  248.4 334.9  251.2  342.8 254.0 334.6 256.0       

329.5  257.4  353.0  249.0 356.4  263.9  353.7 257.1 354.2 265.9       

3) 15 MPa             

297.6  525.7  303.3  478.0 302.2  425.6  300.4 410.6 296.5 375.2 294.5 295.0 298.6  264.9    

312.8  404.5  318.3  362.0 312.6  357.8  313.6 332.8 313.8 290.7 303.5 278.4 308.6  268.8    

324.3  331.8  323.2  333.3 322.7  307.2  318.5 311.4 319.5 281.7 312.5 272.6 313.3  271.2    

328.9  310.5  328.9  307.1 328.4  290.0  323.5 294.3 323.4 278.7 323.4 272.8 323.7  276.8    

334.4  295.1  332.1  294.0 333.4  282.3  334.1 283.3 333.8 276.3 332.8 273.2 334.4  282.5    

339.9  284.0  344.1  283.3 346.4  274.4  343.8 282.5 343.8 279.5 344.8 274.6 344.8  288.7    

353.2  273.7  354.3  281.1 356.1  274.8  356.4 276.9 354.0 284.1 363.9 282.4 353.7  291.0    

4) 30 MPa             

299.9  659.3  302.8  624.5 300.7  609.0  302.8 593.0 299.6 563.2   296.8  430.6  297.3 434.9 

303.8  643.0  314.4  575.9 315.4  547.8  313.1 539.8 313.3 509.7   315.2  400.4  314.3 414.8 

315.9  580.8  326.1  534.7 325.0  512.9  324.0 502.4 323.4 475.6   324.3  390.2  323.2 408.1 

324.3  548.1  333.4  506.9 333.4  476.4  333.9 471.3 334.1 448.2   334.4  381.8  333.8 400.8 

332.3  517.0  343.0  470.8 343.8  447.9  343.0 448.4 343.5 426.9   354.3  373.9  343.2 396.7 

344.3  468.3  353.0  448.1   353.2 425.1 354.2 409.6   382.4  373.3  353.2 394.7 

5) 50 MPa             

298.6  814.4  302.8  785.8 301.2  765.4  301.2 750.2 295.7 740.4   296.8  612.8  295.0 593.7 

313.4  763.1  315.7  741.3 317.5  712.2  313.6 704.5 314.6 682.2   303.3  598.6  313.6 568.6 

325.6  719.6  324.0  706.0 326.9  683.3  323.7 673.9 324.2 650.5   323.5  560.5  323.2 552.4 

334.4  685.7  346.7  640.3 334.7  659.9  343.3 621.6 343.5 597.7   344.3  530.7  343.8 527.8 

345.6  652.9  357.4  614.6 345.9  631.5  354.5 594.7 354.0 574.6   374.3  510.1  353.7 518.6 
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Fig.5 a), b), c) 10, 12.5, 15 MPa 

Ar
Table 6  

Fig.6 Ar5%
CO2100%

Ar

p x  ,  Ar% 
MPa 2.5 5 7 10 13 20 40 50 

10  319.2  311.7 308.2 301.2    
12.5  344.8  329.6 328.3 314.1    
15 352.2  349.2  347.6 337.9 335.8 332.4   
30       364.4  357.3 
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Fig.6. Temperatures obtained from the 
minimum value of velocity in CO2-Ar at 
each pressure. 
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Fig.5. Sound velocities in CO2-Ar mixtures for each Ar concentrations as a function of temperature. 

Table 6 Temperatures T (K) obtained from the minimum value of velocity in CO2-Ar mixtures having 

concentration x between 2.5 to 50%Ar, at each pressure p. 



31

CO2-Ar 2

3
a) 2

b

c) 

Ar 5, 9, 13% CO2-Ar
Table 7 

ig.7

a)

c)
b)

Fig.7
a) c)

 
Table 8 CO2

Ar
Ar CO2

x (Ar%) = 5 9 13 

p T p T p T 
MPa K MPa K MPa K

a) p : increasing 
6.4 294.9 6.5 292.2 8.4 294.8
7.0 298.2 7.1 295.0 7.7 292.9
7.7 300.5 7.5 297.6 9.2 292.9
8.3 303.6   7.5 292.0

    8.1 294.1

b) p :decreasing 
8.3 297.4 8.3 298.6 9.2 292.2
8.3 299.3 8.5 298.4   
8.2 295.2     

c) T: decreasing 
8.2 301.2 8.4 297.3 8.5 294.2
7.3 297.7 8.6 295.2 9.1 293.3
7.8 300.0 8.4 292.2 8.4 294.5

    9.0 294.5
    9.3 292.0

x p T 
Ar% MPa K 

5 7.7  299.4  
9 8.1  298.0  

13 8.4  294.6  

Table 7 Temperature T and pressure p of the phase 
separetion in CO2-Ar mixture having 5, 9 and 13 

percent Ar concentration x obtained by optical 
method. 

Table 8 The pressure p and 
temperature T limiting value of the 
phase separation curve in Fig.7 for 
each concentration x. 

Fig.7. Pressure and temperature 
diagram of phase separation in CO2-Ar 
obtained by optical method. 
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Fig.8. Heat capacity ratio of argon obtained 
from this study at temperature of 300 and 
400 K as a function of pressure. 
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