vBacl; in HCl-BaCl; mixtures (4), both at I = 1.0, are also
shown in the figure. As can be seen, the plot of the log vrac1s
in HCl-LaCl; mixtures is now consistent with the correspond-
ing plots in the other two systems.
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A flow calorimeter was used to measure enthalpy differences for the ternary system

n-pentane—cyclohexane-benzene.

The results are presented for three compositions

with temperatures up to 600°F and pressures extending to 1400 psia.

The results of enthalpy measurements for the binary systems
n~-pentane-cyclohexane (8), m-pentane-benzene (7), and cy-
clohexane-benzene (6) have been published, but the enthalpy
values for the ternary mixture of pentane-cyclohexane-ben-
zene have not previously been reported. Three compositions
of this ternary mixture of a paraffin, naphthalene, and aromatic
have been studied, one rich in pentane, one an equimolar mix-
ture, and the third, rich in benzene. Table I shows the exact
compositions of the mixtures. The mixtures were prepared
by weighing the pure components for samples of 5000 grams.
All the hydrocarbons were obtained from the Phillips Petro-
leurn Co. and their purity established with the use of a Loenco
chromatograph. The n-pentane had only a trace of isopentane
present with a purity of 99.96%, and density at 75°F of 0.6219
g/ce, with refractive index of »®p = 1.3757. The benzene
density was 0.8730 g/cc, with refractive index of »%*p = 1.50030,
and a purity of 99.87%. The cyclohexane had a purity of
99.5%, with density of 0.7749 g/cc, and »®p = 1.42604. The
uncertainty of the mixture compositions due to weighing
errors was less than 0.29%,.

The enthalpy of the mixtures was obtained with a flow
calorimeter that measured the isobaric change in enthalpy
between a relatively high inlet temperature and an outlet

1 To whom correspondence should be addressed.

Table I. Properties of Liquid Phase at 75°F and 1 Atm
H
Heat needed
of for
mix- —200°F
n-Pentane Benzene Density, ing, basis,
Mol % Wt9% Mol% Wt% g/cc  Btu/lb Btu/lb
60.1 57.3 20.0 20.5 0.6944 3.6 114.5
33.3 30.8 33.3 33.3 0.7449 4.1 103.4
20.0 18.5 59.8 59.8 0.7920 5.3 100.1

temperature of 75.0°F. As the hydrocarbon mixture flowed
through the calorimeter, the enthalpy was transferred to
saturated liquid Freon-11. By measuring the volumetric
flow rate of both the hydrocarbon and the Freon-11, the en-
thalpy lost by the hydrocarbon mixture was determined. The
details of this apparatus have been presented (9). Repeated
studies (5, 7-9) performed by comparing the results with pub-
lished values for n-pentane (2-4) and liquid water (/) have
shown that the accuracy of measurement is within 1.5 Btu/1b.

A total of 573 measurements was made on the ternary mix-
tures of pentane, cyclohexane, and benzene. These results,
presented relative to the liquid state at 75°F and the pressure
of measurement, have been tabulated and deposited with the
ACS Microfilm Depository Service. These measured values
were converted to a zero enthalpy basis of —200°F and the
saturated liquid condition of the pure components, corre-
sponding to the base level used by the API data book (7).
As a first step in performing this conversion, the measured
values are corrected to account for the change in enthalpy
with increasing pressure at 75°F in the liquid phase. This was
done using the thermodynamic equation of state (9), and
amounted to a maximum change of 3.4 Btu/lb at 1400 psia.
This correction was made with greater preciseness than the
aceuracy of measurement.

The enthalpy value needed to convert the enthalpy values
of the pure components from 75° to —200°F has already been
established for m-pentane (9), cyclohexane (8), and benzene
(5). For the mixtures, the number needed to convert the
data to the —200°F basis is a weight average of the conversion
numbers for the pure components plus the heat of mixing at
75°F in the liquid phase. The heat of mixing was computed
using the procedure presented by Tsao and Smith (12). Table
I shows the computed heats of mixing, and also the enthalpy
needed to convert the enthalpy values relative to 75°F and the
saturated liquid phase to the —200°F basis.

The computed heats of mixing are similar to the corre-
sponding values measured by Mathiesen and Thynne (10) for
the hexane—cyclohexane-benzene system. The measured en-
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Table I. Values of Enthalpy for Mixture 57.3 Wt % n-Pentane, 22,2 Wt % Cyclohexane, and 20.5 Wt % Benzene

Units:  Btu/lb
Datum: Pure saturated liquid components at ~200°F

Psia
Temp, °F 0 200 300 400 500 600 700 800 1000 1400
75 115.0 115.2 115.5 115.8 116.1 116.3 116.6 117.1 118.1
316.2 255,29
320 380.4 288.0 257.9 257.2
330 385.7 345.1 264.7 263.4
340 390.8 376.79 271.5 273.8 269.6
360 401.0 387.3 285.4 286.1 282.1
360.6 285.9
370 406.3 392.9 342.5 292.8 292.5 288.6
380 411.7 398.3 387.7 300.0
380.4 389.8a 298.9 295.0
395 311.1e
400 422.2 409.5 400.8 344.1 315.0 314.8 314.0 313.3 312.0 308.4
409.8 394.9¢
420 433.1 421.0 413.0 403.0 331.9 331.0 328.8 327.8 326.1 322.9
424 335.69
430 438.8 427.1 419.5 410.3 370.0 339.7 337.4 335.6 333.9 330.2
435.6 396.4¢
440 444 .1 433.0 426.0 417.9 403.4 350.3 346.1 344.0 341.1 337.9
4350 449.9 439.0 432.3 425.0 411.9 370.0 355.4 352.8 348.9 345.1
460 455.2 449.1 438.7 431.6 419.9 398.5 366.8 361.6 356.8 353.0
470 461.0 451.0 445.1 438.2 427.7 411.9 381.7 371.9 364.9 360.7
480 466.8 437 .4 451.7 444.9 435.0 422.3 401.7 383.9 374.0 368.4
500 478.1 469.8 464.6 458.7 450.0 440.5 427 .7 408.8 393.2 384.5
520 489.8 481.9 477.1 472.0 464.5 456.5 445.9 434 .4 413.3 401.0
540 501.9 494.1 489.9 485.1 479.0 471.8 463.1 454.2 432.2 417 .4
560 514.0 506.6 502.7 498.6 493.0 486.2 479.1 471.0 450.9 434.0
580 526.0 519.0 515.5 511.6 506.8 500.3 494 .4 487.1 469.0 451.0
600 338.1 531.9 528.3 524.4 520.0 514.5 509.1 503.1 486.4 468.0
Psia
Temp, °F 450 530 550 570 580 586 640
409.7 323.0e
420 375.9
424 .2 396. 62 335.8
430 402.5 341.1
432.3 404.9 343.3¢2
437.1 409.1 367.5 348,82
440 411.6 384.3 363.9 352.1 348.9
442.1 395.1¢ 375.5 354.8
443.7 398.4 384.0 357.0s
445.7 401.3 394.1e 371.0 360.6 355.2
447.1 403.1 396.8 380.0 365.0e 357.3
449.2 416.0 400.1 390.0e 377.8 372.1
449 .5 380.0 374.5b
450.1 419.1 406.9 401.1 392.8 385.1 361.5
452 420.4 408.3 403.7 396.9 390.5 364.4
456 423.2 411.6 407.3 402.9 398.8 372.5
460 426.1 415.0 411.2 407.0 405.0 386.8
470 433.1 423.2 420.0 416.8 415.2 403.4
480 440.2 431.6 429.0 426.2 424 .6 415.8

Q

@ On saturation locus. ® Critical point.

Table lll. Values of Enthalpy for Mixture 30.8 Wt % n-Pentane, 35.9 Wt % Cyclohexane, and 33.3 Wt 9, Benzene

Units:  Btu/lb
Datum: Pure saturated liquid components at —200°F

Psia
Temp, °F 0 200 300 400 600 800 1000 1400
75 103.9 104.2 104.4 104.9 105.4 105.9 106.9
340 374.9 249.0 248 .2
342.1 250,39
360 385.1 371.2¢ 262.1 260.6
380 395.0 382.8 275.4 273.2
387.8 285,82
400 405.1 394.0 340.9 289.3 288.4 286.5
407.9 378.8¢
420 415.3 404.2 394.7 303.7 302.4 299.3

(Continued on next page)
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Table lil. (Continued)

Units:  Btu/lb
Datum: Pure saturated liquid components at —200°F

Psia
Temp. °F 0 200 300 400 600 800 1000 1400
422 .4 305. 54
440 425.8 414.7 407.1 387.2 318.5 316.5 312.7
443 395.7¢
460 436.3 425.7 418.8 407.8 334.4 333.3 332.2 330.6
480 447.1 437.0 430.3 421.8 353.5 347.4 344.8 340.0
481.5 355,18
488 .4 393,99
490 452.3 442 .4 436.7 428.3 397.1 356.4 352.2 347.0
500 458.0 448 .2 442 .3 435.2 410.1 366.1 360.3 354.2
520 468.8 459.5 453.9 448.2 429.3 389.2 377.5 369.3
540 480.2 471.3 466.3 460.8 445.7 418.8 398.3 385.2
560 491.6 483.2 478.9 473.6 461.0 441.7 418.4 401.5
580 503.2 495.3 491.1 486.4 475.2 460.2 438.3 418.3
600 515.0 507.3 503.4 499.2 489.3 477.2 457.3 435.9
Psia
Temp, °F 500 550 620 632 640 660 700
453.5 329.2¢
460 365.1 333.3
466.8 398,70 340.3
468.0 341 .4¢
470.0 403.1 352.1 343.3 342.9 341.9 341.1
477.8 410.1 389.0s 351.1
480 411.6 401.8 352.2 351.0 349.2
487.9 364.3¢
490 418.8 412.0 377.5 369,14 366.2 363.1 359.3
491.6 387. 59 374.2¢
491.9 420.2 413.4 388.3 375.2% 370.3 365.6 361.7
495 422.3 416.2 397.2 381.3 371.5 365.9
500 426.0 419.5 404.8 397.7 385.2 373.3
510 433.1 426.7 417.2 414.0 406.2 393.8
520 440.1 435.8 428.5 424 .2 419.2 412.2
540 454.0 450.2 444.0 442.1 439.1 434.9
4 On saturated locus. ? Critical point.

Table IV. Values of Enthalpy for Mixture 18.5 Wt % n-Pentane, 21.7 Wt % Cyclohexane, and 59.8 Wt 9% Benzene

Units: Btu/lb
Datum: Pure saturated liquid components at —200°F

Psia
Temp, °F 0 200 300 400 500 600 700 800 1000 1400
75 100.5 100.7 101.0 101.3 101.5 101.7 102.0 102.4 103.4

380 387.3 260.2 261.8
400 396.7 273.8 274 .4
401.1 275.1¢
420 406.2 394.4 371.8 287.7 287.4
425.3 386.1¢
438.3 300. 52
440 415.9 404.5 396.3 308.4 301.8 300.2
450 420.8 409.6 402.0 377.7 309.0 306.8
456 394.1s
460 425.7 414.6 407 .4 397.2 316.1 315.2 313.8 313.1
468.3 322.0s
480 435.6 425.0 418.1 410.0 388.2 331.1 330.1 328.7 327.0 326.1
483 398,34
490 440.7 430.1 423.7 416.0 405.3 339.0 337.8 335.8 333.7 332.7
493.9 342.0e
500 445.8 435.7 429.2 421.9 412.4 366.9 346.0 343.5 340.8 339.4
504.8 396.92
510 450.7 440.8 434.9 427.8 418.9 403.1 355.1 352.1 348.1 346.1
520 456.0 446.1 440.3 433.8 425.3 412.0 374.9 362.2 356.0 353.1
525 416.4 394.8 368.0
530 461.0 451.5 446.2 439.8 431.9 422.0 402.1 373.9 364.2 360.2
540 466.1 457.0 451.9 446.0 438.2 428.8 414.1 387.8 373.2 367.6
560 476.6 468.0 463.3 458.0 451.4 443.7 433.7 417.9 393.9 383.0
580 487.1 479.0 474.8 470.0 464 .4 458.2 451.3 440.0 417.3 399.2
600 497.8 489.9 486.0 481.9 477.2 472.8 468,2 460.9 438.5 417.0

(Continued on next page)
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Table IV.

Units:  Btu/lb

(Continued)

Datum: Pure saturated liquid components at —200°F

450 530 550 570
454.8 312.3¢
460 343.0
471.4 397.19
476.7 402.1 328.2¢
480 403.5 343.0 331.0
481.5 350.0 332.1°
485.9 384.6 348.5 335.82
488.3 409.2 396.0 367.0 344 .4
489.3 398.7¢ 377.2 348.5
493.1 402.8 398. 6 373.0
497.8 406.7 402.8 398.12
499.2 406.7 407.7 404.3 400.0
500.3
505 420.2 411.8 409.0 406.0
509 414.4 411.8 409.2
509.3
512.5 425.0 416.9 414.5 412.0
515.9
520 429.8 421.9 419.8
530 436.0 426.9
540 442.1 433.9
550 448.5 440.7

e On saturated locus.

Psia
580 620 636 650 750 900
337.7e
340.3 338.3
352.0 341.6
381.5 345.8
393.6 346.00
397.9s 350.1 348.0
403.9 372.1 353.02
407.1 395.0¢ 372.0 358.2
359,04
410.0 400.1 393.0e 371.1
389, 1 360.0 350.2
415.9 408.9 403.0 399.4 365.3 359.1
423.2 418.1 411.9 379.8 367.8
430.9 426.4 421.8 401.0 377.1
438.1 434.2 430.6 416.3 388.3

Estimated critical enthalpy 374.6 Btu/lb at 515.8°F.

thalpy values, converted to the —200°F basis, were cross-
plotted and smoothed on large-size graph paper, resulting in
the tabulations of enthalpy dependent on pressure shown in
Tables II-IV. These smoothed values of enthalpy showed a
standard error of estimation of 1.14 Btu/lb from the measured
values. The locations of the dew and bubble point locus are
shown in Tables IT-1V, and also the critical enthalpy values.

ACKNOWLEDGMENT

We appreciate the assistance of Kenneth Hayworth who
aided in the handling of the data.

LITERATURE CITED

(1) American Petroleum Institute, Division of Refining, ‘‘Tech-
nical Data Book Petroleum Refining,” Section 7A1.3, New
York, N.Y., 1966.

American Petroleum Institute Research Project 44, ‘‘Se-
lected Values of Properties of Hydrocarbons and Related
Compounds,” Thermodynamic Research Center, Texas
A&M University, College Station, Tex., April 30, 1969.
Graue, D. J., Berry, V. Sage, B. H., “Hydrocarbon Process-
ing,”’ Petrol. Refiner, 45 (6), 191 (1966).

@)

(4)
(5)

(6)
(7
(8)

Kozicki, W., Sage, B. H., J. Chem. Eng. Data, 5, 331 (1966).
Lenoir, J. M., Hayworth, K. E., Hipkin, H. G., bid., 16, 280
(1971).

Lenoir, J. M., Hayworth, K. E., Hipkin, H. G., 7bid., p 285.
Lenoir, J. M., Hipkin, H. G., tbid., 17, 319 (1972).

Lenoir, J. M., Kuravila, G. K., Hipkin, H. G., ibid., 16, 271

(1971).

(9) Lenoir, J. M., Robinson, D. R., Hipkin, H. G., ibid., 15, 23
(1970).

(10) Mathiesen, A. R., Thynne, J. C. J., J. Chem. Soc., 1956,
p 3713.

(11) Meyer, C. A., McClintock, R. B., Silvestri, G. J., Spencer,
R. C.,“Thermodynamic and Transport Properties of Steam,”
Am. Soc. Mech. Engrs., New York, N.Y., 1967.

Tsao, C. C., Smith, J. M., Chem. Eng. Prog. Symp., Ser. ?,

49, 107 (1953).

(12)

REeceivep for review March 9, 1972. Accepted June 3, 1972.
Work supported by the American Petroleum Institute. Five
pages of data on seven different ratios of pentane-cyclohexane-
benzene with 573 measurements will follow these pages in the micro-
film edition of this volume of the journal. Single copes may be
obtained from the Business Operations Office, Books and Journals
Division, American Chemical Society, 1155 Sixteenth St., N.W.,,
Washington, D.C. 20036. Refer to the following code number:
JCED-72-461. Remit by check or money order $3.00 for photo-
copy or $2.00 for microfiche.

464 Journal of Chemical and Engineering Data, Vol. 17, No. 4, 1972



