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By use of C, values from the literature and experimentally determined vapor-pressure- 
temperature and pressure-volume-temperature relationships, a thermodynamic network 
has been established for tertiary butyl alcohol in the range of 78" to 500'F. and 14.7 to 
700 lb./sq. in. abs. The results include tabulated values of p, u, T, H, S, f, and 2, as well 
as  the vapor-pressure-temperature curve, the critical properties, and constants for the 
Beattie-Bridgeman equation. 

The original pressure data were accurate to within 0.14% in the high range and to within 
4% in the low range. The limits on the experimental volume data were 0.07% for large 
vapor volumes and 2y0 for liquid volumes. The temperature was determined to within 
O.l"F., or less than 0.02% of the absolute temperature. 

Experimentally determined vapor pressures were found to be lower than those reported 
in the literature in the range above 1 a h .  Values previously reported were obtained by 
extrapolation of a vapor-pressure-temperature relation developed for we at subatmospheric 
pressures. For pressures below 1 atm. the experimental values agreed with the reported 
values. 

Thc equipment uucd was modeled after 
that of Kay (5, 6 ,  7 ) .  The fluid was confined 
over mercury in  a calibrated thick-walled 
glass capillary tube. Temperature control 

Equations used to calculate enthal y. entropy, 
and fu  aclty, equation-of-state calcu~ations. and 
coUectJ data on properties of tertiary butyl alcohol 
are on tile as document 5058 with the American 
Doeurnentation Institute Auxiliary Publications 
Project, Library of Cungr&, Washington 25, D. C.. 
and may be obtained for $2.50 for photoprints or $1 . i5 
for 3Smm. microfilm. The collected data from Ltera- 
ture murces include vapor pressures, heat of fusion, 
heat of vaporization. heat capacitiea. densities. 
coefficienta of expansion. viscosity. surface tension. 
refractive index parachor. standard enthalpy andlree 
energy of form&n. and .some properties of mixturea 
of tertiary butyl alcohol and water. 

was provided by rcfluxing under controlled 
pressure one of a serics of pure organic 
liquids around the tube. 

Temperatures werc mcasured by means 
of a copper-constantan thermocouple and 
a precision potentiometer calibrated against 
a National Bureau of Standards ther- 
mometer. A Heise precision Bourdon-tube 
pressure gauge, calibrated by the mnnufac- 
turer, was used for pressure measurcmcnts. 
Volumes were determined by the use of a 
cathetometer. The critical temperature was 
determincd by the disappearance of the 
meniscus and of critical odescence. 

determining the pressure-volume-tempera- 
ture and vapor-pressure-temperature rela- 
tionship for water at several temperatures. 
Tertiary butyl alcohol was chosen for this 
study because it is used widely enough in 
industry, as both a solvent and an inter- 
mediate, to make a study of its properties 
worth while. In addition, from the stand- 
point of the initial testing of a new experi- 
mental setup, it was desirable to have a 
compound with a melting point nbove room 
temperature a t  normal atmospheric pres- 
sure, in order to eRtablish this as the zero 
point for both enthalpy and entropy. Also, 
it was possible to reach the critical point 
in the glass apparatus and desirable to be 
able to  observe critical phenomcn:i visually. 

The simple of tertiary butyl alcohol was 
over 99% pure as received. This was 
distilled and a center cut taken which was 
then dried ovcr anhydrous calcium sulfate. 
The dried material was fractionally crystal- 
lized. Thc freezing point of the find sample 
indicated greater than 99.8% purity aud 
the refractive indcx indicated lOOOl, purity. 

CALCULATION METHODS 

By the metGods described in the 
original article (I) the  constants for the 
Beattie-Ihidgemnn equation were deter- 
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TAB- 1. THERMODYNAMIC P k O P E R T I E S  OF SATURATED TERTIARY BUTYL ALCOHOL 

Pressure, Volume, E nthalpy,* 
Temperature, Ib./ cu. ft./lb. B.t.u./lb. 

"F. sq. in abs. Liquid Vapor Liquid Vapor 

182 14.7 0.021 6.12 85.5 304.5 
200 21.6 0.022 4.22 99.4 311.4 
225 33.0 0.023 2.79 119.0 322.0 
250 50.7 0.024 1.762 139.7 329.7 
275 74.1 0.025 1.223 158.5 339.5 
300 106.5 0.026 0.845 178.5 348.5 
325 148.9 0.027 0.584 200.0 356.0 
350 202.3 0.028 0.413 217.3 361.3 
375 270.2 0.031 0.314 240.4 371.9 
400 354.4 0.035 0.223 268.3 378.5 
425 452.3 0.039 0.151 297.3 377.9 
450 577.0 0.047 0.087 353.8 375.9 
456.3 613.8 0.062 0.062 371.5 371.5 

*Based on if = 0 and S = 0 for liquid at I-atm. presure and 7S'F. 

Entropy,' 
B.t.u./(lb.)("R.) 
Liquid Vapor 

.0.147 0.488 
0.168 0.489 
0.197 0.493 
0.226 0.494 
0.253 0.499 
0.278 0.502 
0.307 0.506 
0.331 0.509 
0.357 0.514 
0.387 0.515 
0.422 0.513 
0.476 O . . i o o  
0.496 0,496 

TABLE 2. ~ I I J ~ ~ X I O D Y K A M C  PROPERTIES OF SUPERIiEArISD TERTIARY BLTYL A1.COHOL 

I'rcssure, 
Temperature, It)./ 

O F .  

200 

225 

250 

275 

300 

325 

350 

375 

sq. in. abs. 

14.7 

11.7 
20.0 
30.0 

14.7 
. 20.0 

30.0 
40.0 

14.7 
20.0 
30.0 
40.0 
50.0 

14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

loo. 0 

14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 

14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 

Volume, 
Cll .  ft./lb. 

6.25 

6.50 
4.75 
3.06 

6.75 
4.95 
3.21 
2.35 

7.0 
5.13 
3.37 
2.44 
1.93 

7.25 
5.33 
3.47 
2.57 
2.01 
1.28 

7.50 
5.53 
3.60 
2.67 
2.10 
1.34 
0.96 

7.75 
5.75 
3.75 
2.78 
2.21 
1.39 
1.01 
0.60 

8.0 
5.90 
3.87 
2.88 
2.27 
1.46 
1.05 
0.65 
0.46 

Compress- 
ibility 
factor 
- 

- 
0.955 
0.929 

- 
0.951) 
0.938 
0.916 

- 
0.964 
0.946 
0.925 
0,904 

- 
0.986 
0.950 
0.934 
0.917 
0.866 

- 
0.971 
0.966 
0.940 
0.924 
0.884 
0.844 

- 
0.973 
0.961 
0.948 
0.933 
0.893 
0.859 
0.777 

- 
0.976 
0.964 
0.952 
0.939 
0.906 
0.874 
0.807 
0.750 

Enthalpy,* 
B.t.u./lb. 

312 2 

321.4 
324.0 
322.4 

335.0 
334.6 
333 3 
332.0 

347.0 
346.8 
345.7 
344.3 
343.0 

359.3 
359.0 
358.1 
357.0 
355.7 
352.6 

372.0 
371.5 
370.5 
370.0 
369.5 
365.3 
362.4 

384.9 
384.3 
383.7 
382.9 
381.9 
379.0 
376.3 
370.0 

398.2 
398.0 
397.0 
396.2 
395.5 
392.7 
390.2 
384.7 
378.5 

Entropy, * Fugacity, 
B.t.u./ lb./ 

(Ib.)('lt.) sq. in xbs. 
0.499 

0.517 
0.508 19.0 
0.496 28.0 

0.533 
0.524 19.0 
0.512 28.0 
0.503 36.2 

0 . 5 X  
0.542 19.0 
0.530 28.0 
0.521 36.2 
0.514 45.0 

0.566 
0.558 19.0 
0.546 28.0 
0.536 36.2 
0.529 45.0 
0.516 66.0 

0.587 
0.575 20.0 
0.563 29.0 
0.554 38.0 
0.547 47.0 
0.533 67.5 
0.523 86.5 

0.599 
0 590 20.0 
0.579 29.0 
0.570 38.0 
0.563 47.0 
0.550 67.5 
0.540 87.2 
0.525 122.0 

0.615 
0.607 20.0 
0.595 29.0 
0.586 38.0 
0.579 47.0 
0.566 68.0 
0.557 88.1 
0.542 125.0 
0.528 156.0 

mined, use being made of the experimen- 
ta l  pressure-volume-temperature data. 
The  constants were adjusted until the  
pressure calculated by the equation 
agreed with the measured pressure to 
within experimental accuracy. 

The thermodynamic properties were 
calculated from these data, the neattie- 
Bridgeman equation, and heat-capacity 
data  available in the literature (2, 10, 11), 
by use of standard thermodynamic 
equations (3). 

The critical pressure mas obtained by 
extrapolation of the vapor-pressure equa- 
tion to the critical temperature. The 
critical volume wm determined by the 
method of rectilinear diameters. These 
mcthods are all dcscribed in detail by  
Kobe and Lynn (8). 

RESULTS AND DISCUSSION 

Tables 1 and 2 summarize the p r o p  
erties of saturated and superheated 
tertiary butyl alcohol. The enthalpy and 
entropy of tertiary butyl alcohol at  its 
freezing point (78°F.) and atmospheric 
pressure were taken as zero. The vapor- 
pressure equation dcterrnined from ex- 
perimental data  was 

In p = 30.7545 - 1045G/T - 3.215 In T 

The  constants for the Beattie-13ridgeman 
equation appcar in Table 3. 

The critical temperature, 456.3"F., 
agrees well with the rrported value of 
455°F. (9). The critical volume mas found 
to  be 0.062 cu. ft./lb. The experimentally 
determincd vapor pressures in the range 
above 1 atm. were found to  be lower 
than those reported in the literature (4). 
No record of expcrimentd work in this 
range could be found, and it is believed 
that the reported values were obtained 
by extrapolation of the vapor-pressure- 
temperature relationship developed for 
use at subatmospheric pressure. The  
same applies to the critical prcssure, no 
record of experimental determination 
having been found. Thus the critical 
pressure, as determined in this study, is 
613.8 Ib./sq. in., the literature value 
being 720 Ib./sq. in. 

Thc figure shows a trmperature- 
entropy diagram for this system which 
differs from that  usually illustrated in 
thermodynamic tests in tliut the satu- 
rated-vapor linc ciirves back on itself. 
I-Iowcver, this bohavior has been reported 
for other cornpounds, particularly those 
in the butane family. 

Tht: original pressure data  mere aeeu- 
rate to within 0.147; in the high range 
and to  within 4% in the low range. The 
limits on the experimental volumc data 
were 0.796 for large vapor volumes and 
27, for liquid volumes. The temperature 
was determincd to  within O.I"F., which 
amounted t o  less than 0.02% of the 
absolute tcmpernture. The results of 
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TABLE 2-(Continued). 

THERMODYNAMIC PROPERTIES OF SUPERHEATED TERTIARY BUTYL ALCOHOL 

Pressure, 

O F .  sq. in abs. 

400 14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 

Temperature, lb./ 

425 14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 
250.0 
300.0 
350.0 

450 14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 
250.0 
300.0 
350.0 

475 14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 
250.0 
300.0 
350.0 
400.0 

500 14.7 
20.0 
30.0 
40.0 
50.0 
75.0 

100.0 
150.0 
200.0 
250.0 
300.0 
350.0 
400.0 

Volume, 
cu. ft./lb 

8.25 
6.11 
4.00 
2.97 
2.38 
1.52 
1.10 
0.69 
0.48 

8.50 
6.28 
4.19 
3.10 
2.45 
1.58 
1.15 
0.72 
0.52 
0.40 
0.32 
0.26 

8.75 
6.48 
4.26 
3.19 
2.51 
1.64 
1.20 
0.75 
0.55 
0.42 
0.34 
0.28 

9 .0  
6.66 
4.40 
3.28 
2.59 
1.70 
1.23 
0.79 
0.58 
0.44 
0.36 
0.30 
0.25 

9.25 
6.95 
4.53 
3.37 
2.68 
1.76 
1.28 
0.82 
0.59 
0.46 
0.38 
0.32 
0.27 

Compress- 
ibility 
fsctor 
- 

0.978 
0.966 
0,956 
0.944 
0.915 
0.886 
0.829 
0.778 

- 

0.979 
0,970 
0.961 
0.951 
0.923 
0.897 
0.844 
0.800 
0.766 
0.739 
0.717 

- 
0.982 
0.974 
0.965 
0.955 
0.929 
0.904 
0.862 
0.821 
0.788 
0.758 
0.731 

- 
0.984 
0.976 
0.967 
0.959 
0.936 
0.913 
0.870 
0.839 
0.808 
0.782 
0.761 
0.739 

- 
0.987 
0.979 
0.971 
0.963 
0.944 
0.925 
0.886 
0.851 
0.824 
0.805 
0.788 
0.769 

Enthalpy , * 
B.t.u./lb.. 

412.9 
412.6 
411.9 
411.0 
410.1 
408.1 
405.2 
400.8 
395.5 

426.0 
425.8 
425.0 
424.0 
423.2 
420.8 
419.0 
415.0 
410.1 
406.0 
402.0 
397.6 

440.3 
440.2 
439.8 
438.8 
438.0 
436.0 
434.0 
429.8 
425.6 
421.6 
417.5 
413.5 

455.0 
455.0 
454.2 
453.6 
453.0 
451.3 
449.2 
445.1 
441.5 
437.8 
434.0 
429.6 
427.0 

470.1 
470.0 
469.3 
468.9 
468.0 
466.3 
464.0 
461.8 
457.5 
453.9 
450.6 
447.4 
444.2 

Entropy,* 

(lb.)(”R.) 

0.631 
0.623 
0.611 
0.603 
0.596 
0.583 
0.574 
0.558 
0.547 

0.647 
0.638 
0.627 
0.619 
0.612 
0.600 
0.590 
0‘. 576 
0.564 
0.554 
0.546 
0.538 

0.663 
0.655 
0.643 
0.634 
0.628 
0.616 
0.606 
0.592 
0.582 
0.572 
0.563 
0.556 

0.679 
0.671 
0.659 
0.650 
0.644 
0.632 
0.623 
0.609 
0.597 
0.588 
0.582 
0.576 
0.569 

0.695 
0.687 
0.675 
0.667 
0.661 
0.648 
0.639 
0.626 
0.616 
0.607 
0.600 
0.594 
0.587 

B.t.u./ 
Fugacity, 

lb./ 
sq. in. abs. 

20.0 
29.0 
38.0 
47.5 
69.2 
89.5 

127.2 
160.5 

20.0 
29.0 
38.0 
47.5 
69.8 
90.0 

129.0 
163.5 
195.0 
225.0 
252.0 

20.0 
29.0 
38.0 
47.5 
69.8 
91.0 

130.0 
166.0 
199.8 
232.0 
265.0 

20.0 
29.0 
38.0 
47.5 
69.8 
91.5 

132.5 
169.5 
203.5 
237.0 
271 . O  
301.0 

20.0 
29.0 
38.0 
47.5 
70.5 
93.0 

134.5 
172.5 
207.5 
240.0 
274.5 
308.5 

*Based on H = 0 and S = 0 for liquid at 1 atm. pressure and 78°F. 

check runs in the apparatus using water 
showed an average volumetric deviation 
of 0.63% from the accepted value. 
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TABLE 3. CONSTANTS FOR THE BEATTIE- 
BRIDGEMAN EQUATION 

IV + Bo(1 - b/v)l - (Ao/v2)(1 - a/v) 
n = 0.145 
-40 = 20 
b = 0.081 
Bo = 0.070 
c = 3 x 107 

NOTATION 

a = constant in the Beattie-Bridge- 
man equation, cu. ft./lb. 

A .  = constant in the Beattie-Bridge- 
man equation, (lb./sq. in. abs.) 
(cu. ft./lb.)Z 

b = constant in the Beattie-Bridge- 
man equation, cu. ft./lb. 

Bo = constant in the Beattie-Bridge- 
man equation, cu. ft./lb. 

c = constant in the Beattie-Bridge- 
man equation, (cu. ft./lb.)/”R.3 

f fugacity, Ib./sq. in. abs. 
H = enthalpy, B.t.u./lb. 
p = pressure, lb./sq. in. abs. 
R = gas constant, (Ib./sq. in. abs.)(cu. 

S = entropy, B.t.u./(lb.)(”R.) 
T = temperature, OR. 

v = volume, cu. ft./lb. 
2 = compressibility factor 

ft./lb.)/”R. (= 0.1448) 
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