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ABSTRACT 
The vapor pressure of potassium was 

experimentally determined from 2100 F "up 
to its critical temperature. An empirical 
equation of the form In P = A + B/T + C In T 
+ DT1,5 was found to best fit the data. A 
critical pressure of 2378.2 + 4.0 psia 
(161.79 t 0.27 ata) was measured. The 
corresponding critical temperature, extra­
polated from the pressure­temperature curve, 
is 4105.4 t 5 R (2280.8 I 3 K). 

The technique employed was the pres­
sure tube method developed earlier in this 
laboratory and used for determining the 
vapor pressure of rubidium and cesium, 
This method measures the critical pressure 
directly, as well as the vapor pressure at 
lower temperatures. 
INTRODUCTION 

Potassium has been studied as a 
nuclear reactor coolant and as a Rankine 
cycle working fluid for space power plants. 
For design and optimization of such uses, 
the vapor pressure is needed up to high 
temperatures, and preferably up to the 
critical point. In addition, critical 
point properties are useful in correlating 
and in predicting other properties. Finally, 
the family of the alkali metals provides 
a sequence of metals of graduated properties 
with which corresponding states can be com­
pared and the nature of the liquid state 
studied. 

Accordingly, the vapor pressure and 
critical point of potassium were measured 
by the "pressure tube" method, devised and 
initially employed with cesium (1­3) and 
rubidium (4,5) in this laboratory. 
APPARATUS 

The equipment employed with potassium 
(Fig 1) used the same concept as earlier 
of a small­bore "pressure tube" closed at 
one end and connected at the other to a 
liquid injection and high pressure measur­
ing system. As before, pure dodecane was 
used above the alkali metal to force it 

n the pressure tube and to transmit the 
erated pressure to the gauges. Also 
ssure was read by a 3000 psi Heise gauge 

(6 ) and a 5000 psi CEC (7 ) transducer, 

both calibrated with a dead weight gauge. 
However, substantial improvements 

were adopted for this study. The pressure 
tube, including the closed tip, was now 
made of chemically vapor­deposited tungsten 
in one piece, 0.10 in. ID x 0.34 in. OD 
x 15 in. long (8). The open end was then 
centerless ground to 5/16 in. OD for a 
Gyrolok coupling to the system. Another 
key improvement was the use of a "displace­
ment valve" or injector, a high pressure 
valve having a 3/8 in. diameter valve stem 
with a low­leakage Teflon cylindrical or 
Viton 0­ring packing (9). The seat was 
drilled out to permit a longer stem travel, 
and the valve handle was fitted with a 
pointer and a scale graduated in hundredths 
of a turn. An additional injector was made 
from a high pressure stainless steel bellows 
(lQ fitted with a close­pitch compression 
screw, also with a pointer and scale. It 
was too "soft," or compressible (high 
dV/dP at constant setting), to use or to 
leave in the active system while deter­
mining a vapor pressure, but was helpful 
for transferring substantial amounts of 
dodecane into or out of the system when 
necessary, then shut off. 

The tip temperature was given by four 
W­5# Re/W­26£ Re pairs of 0.010 in. bare 
thermocouple wires (ll) with MgO sleeves 1 
(12). Two more thermocouples 0.5 and 1.0 
in. away verified the positive temperature 
gradient towards the tip. The calibration 
provided every 200 F by the manufacturer 
was fitted by Least Squares with a cubic 
equation in temperature. The consensus is 
that this thermocouple wire does not drift 
in calibration with moderate times. At 
least over the several days required by each 
group of runs,this was verified by the good 
agreement among early and late points of P 
vs T. 

Welding of tungsten tends to initiate 
grain growth and brittleness. Accordingly, 
the thermocouple wires were not welded 
together, nor to the pressure tube. Instead 
the 8 tip wires were placed alternating in 
composition around the tip, leading axially 
away from the tube, then firmly tied down 

SASTER 
­̂Single sleeves, or double sleeves with both 
wires of the same composition, were employed, 
to avoid possible cross­conduction error (13) 
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by several turns of 0.003 in. tungsten wire 
with its ends twisted tightly together. 
This arrangement substantially transferred 
the effective hot Junctions to the contacts -
between the thermocouple wires and the 
pressure tube, calculated to be well within 
1 F from the actual inner tip temperature. 
It also facilitated utilizing every wire 
that remained if one or more of the wires 
should become open-circuited, or picking a 
pair of spaced wires as a monitor couple, 
since each wire composition led to its own 
selector switch, and any one wire of each 
composition could be employed. In the 
C-runs thermocouples were read digitally 
(14) for speed and steadiness, and verified 
with a precision potentiometer at intervals. 
The furnace (15) was rated at 16 KVA and 
2500 C and employed a 1.5 in. ID graphite 
tube heater 15 in. long, in an argon atmos­
phere. A thyristor SCR with phase angle 
control (l6), employing a Dekapot working 
vs load IR drop, yielded very steady and 
finely controllable furnace temperatures. 

Downward insertion of the pressure 
tube into the furnace was employed, as 
with Cs and Rb, to minimize likelihood of 
interference of possible inert gas left in 
the system with the vapor space at the 
tip. The possible disadvantage of instabi­
lity in the observed pressure, due to 
liquid falling at the interface, was only 
Observed ,in 3 runs (C-4,11,12) and did not 
cause disagreement between these break 
points and the vapor pressure correlating 
equations. 

Experimental Procedure 
The system (Fig 1) was first 

evacuated, then filled with 99.995$ argon 
and reevacuated, several times. Then the 
pressure tube section was shut off and -
charged with 10 g of molten potassium 
(Table I), filling it and part of the SS 
tubing above it. Keeping the K molten, 
dodecane in the reservoir was deaerated by 
bubbling argon, the system reevacuated, 
and the dodecane passed downwards, com­
pletely filling the remaining system space. 
By passing DC along the SS tube and heating 
it with a Bunsen burner until a sharp IR 
break in the tubing was obtained, wetting 
of the tubing by the K was achieved and 
the location of the interface verified. 

During charging and at all later 
times it is necessary to prevent penetra­
tion of the oil dovm into the K, where on 
later high temperature runs it would crack 
thermally and plug the pressure tube. 
This can be achieved by keeping the K molten 
by a low furnace power and heater tapes on 
the adjacent SS tube. For shutdowns it is 
necessary to cool and freeze the K se­
quentially from the pressuretube tip to 
the interface in the adjacent tube, avoid­
ing freeze cracks. Remelting for later 
runs is done in the reverse sequence. 
Thus the plugs encountered previously with 
Cs and Rb, and after runs A and B, causing 
the termination of those runs, can be 
avoided. 

R~l: \ D v 
Tacuiui gauges 

VAPOR PRESSURE' 
To obtain vapor pressure data, fur­

nace power was adjusted until a steady tip 
temperature was observed in the desired 
temperature range. The bellows was then 
used to introduce or remove oil, so as to 
adjust the system pressure-to about' 100 psi 
below the expected vapor pressure with the 
injector stem at its' outermost position. 
This ensured an' adequate but not excessive 
vapor space at the tip of the pressure tube 
to complete a curve without further K 
addition. The K vapor-liquid interface was 
now slowly forced towards the tip by turning 
the injector handle inwards in small incre­
ments'. This basically reduces the total 
system volume, and is equivalent to in­
jecting K into a constant volume apparatus. 

- The vapor-liquid interface encounters 
rising temperatures as it moves towards the 
tip. The pressure inside the apparatus is 
seen to rise instantly to a new value with 
each small increment injected, which is the 
saturation vapor pressure at the local pres­
sure tube temperature where the interface 
happens to be located. Thus, the pressure 
Increase follows the temperature gradient 
along the pressure tube. After the liquid 
completely fills the tube, the pressure in­
creases much more rapidly due tfo the 
greater "hardness" of a completely liquid-
filled system. For each run the output of 
the pressure transducer was plotted on a 
recorder, and the Helse gauge reading and 
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TABLE I 
ANALYSIS PROVIDED FOR THE "HIGH PURITY 

POTASSIUM" SUPPLIED IN GLASS CAPSULES 
BY MSA RESEARCH, INC. 

S i 
Na 
Ca 

' MS 
Mn 

B , Z r 
F e , C o , S n , P b , C r , T i , N l 

Mo,Ba 
. Al 

C u , V , B e , A g , S r 
0 
K ( g u a r a n t e e d ) 

25 ppm 
15 ' 

8 ' 
2 ' 
1 ' 

< 1 0 ' 
< 5 ' 
< 3 
< 2 ' 
< 1 ' 
<50 ' 
>99.9^ & 

each 

tip thermocouple voltages written on the 
chart at the correct time. Since a uniform 
time interval was employed for each point, 
a direct plot was obtained on which a pre­
liminary observation could be made of the 
break. However, the Helse gauge readings 
were considered more reliable, and were em­
ployed in the final plots, e.g. Figs 2-4. 

1100 

.. 1050 

U) 
ot 
UJ 

< 
1000-

950. I 2 
TURNS OF DISPLACEMENT VALVE 

Fig.2 Run B4 (Subcritical) 
Tip temperature: 
Break Pressure : 

3389.69 R 
1032.34 psia 

The two branches of each' plot were then ex­
tended by straight-edges or French curves 
to their intersection. A correction for 
hydrostatic head of the gauge center over 
the pressure tube tip was added, and the 
tip temperature was obtained from the 
lermocouple wire correlation, using the 
/erage of the tip thermocouple voltages, 
^ter eliminating any that might have fallen 

out of general agreement with the others. A 
typical high temperature break is shown in 

Fig 2. The. procedure was continued for a 
number of volume and pressure increments 
beyond the break in the P-V curve, then the 
Injector valve stem was screwed out and the 
procedure repeated at a new tip temperature. 
CRITICAL PRESSURE 

In a series of runs at increasing 
temperatures, eventually the pressure teube 
tip reaches and exceeds the critical tem­
perature, T c. In this situation, some 
point along the pressure tube, slightly 
above the tip, has exactly reached T c. When 
the liquid-vapor interface reaches this posi­
tion a change suddenly occurs: this inter­
face disappears, and all of the fluid down 
to the tip changes from subcritical vapor 
to supercritical fluid. Experimentally it 
is found that a break, though, less sharp, 
still occurs in the P-V curves. The break 
is evidently obtained at this location, namely 
at the critical pressure, Pc, which is thus 
observable, and at T c, which is below T but 
is not determinable from the test alone, 
since neither- the location of the interface 
nor the exact temperature distribution along-
the tube is known. Pc is verifiable by other 
runs at other high tip temperatures, which 
are found to show their breaks still at the 
same pressure, within a relatively high order 
of reproducibility for these rather extreme 
conditions.. 

Six points with supercritical tip 
temperatures were obtained, as listed in 
Table II, with widely different T, but Pc 
within a spread of 0.3$. Figs 3 and 4 show 
typical supercritical runs. 'An interesting 
difference is that Fig 3 shows an increas-e' 
in slope at the break, as with the subcritical 

2500 

< 2400-

2 
3 

2300 

2200, I 2 
TURNS OF DISPLACEMENT VALVE 

Fig.3 Run Bl6 
Tip Temperature:' 
Break Pressure : 

4347.18 R (Supercritical) 
•2381.00 psia (Critical) 
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runs, whereas Fig 4 shows a decrease In slope. 
On inspection,runs B­l6 and 22,with tip super­
heats of 246 and 163 F, show increases. Runs 
C­8 and 18, with tip superheats of 36 and 19 P 
show decreases. Evidently high tip superheats 
cause slope Increase and vice versa. Runs 
B­15 and 17,for which the tip thermocouples 
failed,show slope decreases, and presumably 
did have low tip temperatures. Interpolating 

Fig 6. The tip temperatures are considered 
reproducible to + 20 microvolts, or 2 F, 
with uncertainties in the calibration 
raising the standard error to about 5 F. 
The pressures are considered reproducible 
to within about 1 psi, and accurate to 
about 2.5 psi, which yields a standard 
error of about 3 psi, considering errors 
in the gauge and in the graphical inter­
section. 

I 2 

TURNS OF DISPLACEMENT VALVE 

F i g . 4 Run CI4 
Tip Temperature': 
Break Pressure : 

4119.7 R (Supercritical) 
2373.52 psia (Critical) 

on a plot of slope increase at the break 
vs (T­Tc) gives tip superheats of some 4l 
and 28 F, respectively, for these runs. 
About 57 to 68 F is obtained as leading to 
no visible break. This observation might 
be verified theoretically, for a given tip 
temperature, by integrating along the tube 
to the tip, with an appropriate temperature 
distribution, and obtaining the integrated 
volume contraction for a small pressure in­
crement. However, it has the practical 
result that If supercritical runs on occa­
sion do not show a break with a particular 
substance in a given apparatus, one can 
probably overcome that difficulty by raising 
or lowering the tip temperature while still 
exceeding the critical temperature range. 

Experimental Results 
Three separate series of runs were 

carried out. Runs A and B yielded enough 
results for the thesis (17). Runs C were 
carried out as an added check on the prior 
results, and to obtain more data in the 
critical region. 

The 44 points collected are given in 
Table II and, except for the 4 that were 
rejected for large deviations, are plotted 
in Fig 5, with the last 100 R enlarged in 
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CRITICAL PRESSURE 
The critical pressure values in Table 

II yield a mean of 2378.2 psia with ar 
standard deviation of 3.06 psia. An addi­
tional estimated uncertainty of 1.0 psia in 
the breakpoint and a gauge reading uncer­
tainty estimated at 2.4 psia yield a 
standard error of Pc of 4.0 psia. 
CRITICAL TEMPERATURE ^ 

Determining T c requires extrapolating 
the vapor pressure as obtained from the 
experimental points to the accepted Pc of 
2378.2 psia. This could be done by fitting 
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TABLE II 
EXPERIMENTAL DATA ON VAPOR PRESSURE AND CRITICAL PRESSURE 
OF POTASSIUM, AND COMPARISON WITH CORRELATING EQUATIONS 

(Date) Experimental Data Pressure by Correlating Equations * o'V 
Point Temperature Pressure Eq 1 Eq 2 Eq 3 Eq 4 

No. (R) (psia) (psia) (psia) ' (psia) (cal/g atom) 

(12/71) 
Al 
A2 
A3 
A4 
A5 
A6 

(3/T2) 
Bl 
B2 
B3 
B4 
B5 
B6 
B7 
B8 
B9 
BIO 
Bll 
B12 
B13 
Bl4 
B15 
B16 
B17 
B18 
B19 
B20 
B21 
B22 
B23 
B24 

15/72) 
CI 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
CI 2 
C13 
C]4 

2558.79 
2732.49 
2934.64 
3093.49 
3248.69 
3373.84 

2727.39 
3072.84 
3221.39 
3389,64 
3521.14 
3667.19 
3850.39 
3820.49 
2930.39 
3387.09 
3721.39 
4026.39 
4057.89 
4134.69 
4346.89 
2790.39 
3370.14 
3298.79 
4033.19 
4263.79 
3818.14 
4057.89 

3574.75 
3519.39 
3710.95 
3839.06 
3936.37 
3993.16 
4033.46 
4136.42 
4010.37 
4062.54 
4043.61 
4080.10 
4090.39 
4119.71 

203.40** 
3H.77 
477.70 
644.20 
831­50 
1007.20 

309.20 
625.80 
800.. 07 
1032.34 
1229.60 
1488.24 
1843.20 
1776.15 
483.74 

1026.70 
1600.40 
2228.00 
2264.00 
2341.00** 
2377.00* 
2381.00* 
2382.00* 
356.24 
996.30 
880.00** 
2206.00 
2380.00* 
1766.05 
2211.00** 

1321.52 
1233.02 
1568.52 
1816.02 
2013.02 
2136.52 
2223.52 
2375.52* 
2179.52 
2288.52 
2248.52 
2332.52 
2342.52 
2373.52* 

• 

2209.56 
2276 

2223 

2140 
2224 
2176 
2286 

.13 

.85 

.35 

.42 
,06 
.04 

2245.83 
2323.63 
2345.80 

318.78 
480.15 
639.21 
824.01 
995.12 

315.26 
616.85 
789.33 ­
1Q18.16 • 
1222.59 
1476.59 
1835.78 
1774.06 
485.40 

1014.42 
1578.12 
2223.70 
2297.56 

­

360.53 
989.77 
2239.53 
­

1769.25 

1312.51 
1219.73 
1558.26 
1812.25 
2020.04 
2147.24 
2240.16 
2186.66 
2308.57 
2263.91 
2350.43 

­ 2375.16 

205.98 
313.40 
479.30 
642.96 
832.27 
1006.29 

309.80 
619.97 
796.84 
1029.61 
1235.23 
1487.20 
1836.46 
1777.05 
484.70 
1025.82 
1586.80 
2203.85 
2272.63 

356.24 
IOOO.87 
899.67 
2218.62 
1772.42 
2272.67 

1324.89 
1232.36 
1567.36 
1813.84 
2012.25 
2132.25 
2219.21 
2169.21 
2282.85 
2241.34 
2321.63 
2344.68 

23713.69 
23767.98 
23787.21 
23820.28 
23828.65 

23703.30 
23761.73 
23801.49 
23824.56 
238^7.02 
23844.54 
23832.78 
23848.16 
23765.60 
23830.01 
23818.16 
23797.90 

23718.58 
23845.55 

1 23830.22 
23859.03 
23849.74 

23852.92 
23840.27 
23844.79 
23841.75 
23841.23 
23832.48 
23830.22 
23821.46 
23826.25 
23824.93 
23816 ..85 
23836.52 

♦Supercritical points not included in the curve­fit 
**Other points not included in the curve­fit due to larger deviations from 
smooth curve. 
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all of the points by least squares with a 
single equation of as many terms as is 
appropriate to minimize the standard de­
viation of the points from the equation. 
However, this would be Imposing a single ; 
form of equation over the full temperature 
range, and in all probability increasing 
the deviation of the correlation from the 
higher points compared to a correlation 
limited to these points,- which should have 
the greatest influence in extrapolating to 
obtain Tc. Accordingly a simple Young's equation 
was fitted by least squares to only the top 
10 points in Fig 6, yielding for P in psia 
and T in deg R: 
In P = 11.524581 - 15,397.048/T (l) 
with a standard deviation of 0.b9J&. Sub­
stituting P=PC=2378.2 psia yields" T=TC =4105.4 R (2280.8 K), with a combined 
standard error of 5 R. This is accepted as 
the critical temperature of potassium from 
this program. A 3-term Kirchhoff equation 
was found not to yield a lower standard 
deviation than eq 1. It gave Tc=4l07.4 R, which does not seem preferable to the 
straight-line result 4105.4 R, as a Tc lower than 4105.4, if different, might be 
expected 
VAPOR PRESSURE 

To fit the vapor pressure data over 
the full temperature range of this program, 
additional terms would be needed. Utili­
zing the full 34 accepted subcritical points, 
the following equations were developed: 
Least Squares Kirchhoff equation; 
In P = 6.54786-14614.9A+0.576926 In T (2) 
Eq 2 yielded a standard deviation of In P 
of 0.0107, and an RMS error of the pressures 
themselves of 1.07#, and yielded Tc-4091.6 R at Pc=2378.2 psia. Noting the 14 R dis­
crepancy in Tc, it is evident, that this 3-term equation cannot fit these data, con­
sidering the wide temperature range they 
cover, as closely as would be desired. 
However, if only a 3-term equation is pre­
ferred and full closeness of fit is not re­
quired, eq 2 could be suitable, and simpler 
than using more terms. 
Four-term Least Squares equation: 
In P = 3.40397-15401.1A+1.05145 In T (3) 

-2.38226 x 10"6T1,5 

Eq 3 yielded a standard deviation of In P 
of 0.0042, and an RMS error of the P values 
of 0.43^, and yielded Tc=4l05.5 R. Eq 3 
was established by applying an equation of 
this form to the 34 points with values of 
the exponent of the last term varying from 
1 to 5 In increments of 0.5 and with the 
added constraint of passing through a set 
Tc from 4103 to 4107, also in Increments of 0.5, at the established Pc of 2378.2 psia. Eq 3, then, has the exponent of the last 
term that best fits the 34 points and 
simultaneously yields Tc=4l05.5 R, which of course is adequately close to the se-

3 

lected 4105.4 R for all purposes. Actually, 
decreasing the set Tc slightly decreases* the % total error further,, to a minimum of 
0.427# at Tc = 4104.0, the optimum exponent remaining at 1.5. It would seem that eq 3 
best combines a fit of all the data points 
while weighting the Important critical 
region. 

Pressures calculated by the above 
equations 1-3 at the experimental tempera-̂  
tures of the accepted subcritical runs have 
been added in Table II for comparison. Eq 3' 
is seen to only once (point B-12) depart by 
over 1# from an experimental point,, and most 
calculated values are within several tenths 
#» It thus seems' appropriate for all pur­
poses to employ values calculated by- eq* 3-,. 
and not to compare calculated vs experi­
mental groups by temperature regions to 
obtain slight additional corrections- for* 
eq 3. Table IIJ has been prepared from. 
eq 3 for convenient interpolation., 
COMPARISON WITH LITERATURE VALUES 

Bowles (18) developed a refluxing 
apparatus superficially similar to that: 
used in this work, in that it employed 
basically the same components.. However, 
the capsule ("i.e. pressure tube) was-much" 
larger, 0.7 in» ID. In. addition, pains-
were taken to make it almost isothermal over-
its full length of 12 ina., with a slight 
temperature decrease of some 1 to 4 C going 
from bottom to top. The crucial difference 
was that each vapor pressure point' was ob­
tained at a constant level., with the capsule-
only partially filled and the potassium 
slowly vaporizing from the liquid" pool, con­
densing higher up, and refluxing. Pressure-
was measured through the liquid phase1, so 
bottom connection was required. The top. 
center thermocouple was taken as giving the~ 
saturation temperature for the observed 
liquid pressure. This equipment was 
evidently carefully constructed but would 
seem to have had possible sources of error 
in the substantial vapor and liquid volumes 
in the large capsule, which might originate 
or obscure significant temperature varia­
tions, including colder spots in the wal'L of 
the vapor space, which might decrease the 
generated pressure. However, Bowles.' rê -
sults, which reach to about 200 F and 340 
psi below the critical point, agree within 
about 0.5/6 with the present results,, as 
seen in Fig 5 and Table IV.. Thus-, we 
recognize that he must have achieved so-
uniform a temperature, or in fact so con* 
sistent a low negative temperature gradient' 
to the top, that his results agree with ours, 
which extrapolate to zero active volume. 
This agreement reinforces the validity of 
our pressure tube method and results, as 
well as of his own experimental care and 
results. 

Freyland and Hensel (19) employed 
a method somewhat similar to Bowles, but 
with a smaller, thin-walled capsule, 26 mm 
tall and 6.85 mm in ID. They also utilized 
the capsule to determine electrical resisti­
vity of the liquid K, and from the electrical 



TABLE H I 
INTERPOLATION TABLE FOR VAPOR PRESSURE OF POTASSIUM FROM 2000 R TO THE CRITICAL POINT 

In P = 3.40397 ­ 15401.1A + 1.05145 In T ­ 2.38226 x 1 0 " 6 T 1 , 5 

(P In l b s / s q i n ­ a b s ; T in degrees R) 

' ' 0 0 0 . 0 
? 0 i 0 , 0 
202 0 , 0 
2 0 3 0 . 0 
2 0 ^ 0 , 0 
70S 0 . 0 
2 0 6 0 , 3 
2 0

7
0 . 0 

2 7 3 9 . 9 
209 0 - 0 
?l.QO..O 
2

1 1 0 . 0 
21 2 0 . 0 
7 ' 3 9 . o 

71 L. o , o 
■>■> 5 0 . 0 
71 6 0 . 3 
?! 7 0 . 0 
21 * 0., 0 
?

,
. ' * 0 . 0 

7 7 3 0 , 0 
7 2 1 0 . 0 
2 2 2 0 . 0 
7? 7 0 . 0 
2 2 4 0 . 0 
72

e
<0. 0 

226 0 . 0 
2 2 * 0 . 0 
7 7 3 0 . 0 
2? = 0 . 0 
2 3 3 0 . 3 
? ' l 0 . 0 
2 ? ? 0 . 0 
7 ' ? 0 . 0 

23 4 0 , 0 
2 3 5 0 . 0 
' ' 3 ( 0 . 0 
2 3 7 0 , 9 
73 9 0 . 0 
2 3 9 0 . 0 
?4 0 0 . 0 
2^1 0 . 0 
24 7 0 . 0 
2 4 3 0 . 0 
7 4 4 0 . 0 
245 0 . 0 
2 4 6 0 . 0 
247 0 . 0 
' 4 P O . 0 
' 4 = 0 . 0 
7 * 0 0 , 0 
7 5 1 0 . 0 
752 0 . 0 

From: 

3 2 . 5 3 
3 3 . ' 3 
3 5 , ' 7 
3 6 . 3 5 
3 8 , " 
3 ^ . 9 7 
4 - ! . 6 0 
* 3 , 7 8 
4 5 , 0 1 
4 . 5 . 7 9 
4 8. 62 
5 0.'5 1 
5 2 . 4 6 
5 4 . 4 6 
5 6 . 5 1 
5 3,, 6 3 
6 0 . 3 0 
6 3 . 0 3 
6 5 . ' 2 
6 7 . 6 8 
7 0 . 0 9 
7 2 . 5 7 
7 5 . ' 2 
7 7 . 7 3 
8 0 . 4 0 
8 7 . ' 5 
8 5 , ° 6 
8 8 . 8 4 
9 1 . 7 9 
" 4 . 8 1 
9 7 . 9 0 

101,07 
104. M 
1 0 7 . 6 3 
111 .02 
1 1 4 . 4 9 
11 8 . 0 3 
1 2 1 . 6 6 
1 2 5 . 3 6 
12 9 . 1 4 
13 3 . 0 1 
1 3 6 .

3
6 

1.40 ,39 
14 5.1 .0 
1 4 0 . 3 0 
' . 5 3 . 5 9 
1 5 7 . 3 5 
1 6 2 . ' 2 
1 6 6 . 3 6 
1.71.<-0. 
1 7 6 . 3 3 
1 8 1 . 1 4 
1 8 6 . 0 5 

2 5 3 0 . i 
2 5 4 0 , 0 
2 5 5 0 . 0 
25 6 0 . 0 
25 7 0 . 0 
25 P 0 . 0 
2 5 3 0 . 0 
2 6 0 0 . 0 
26 J 0 . 0 
26 2 0 . 0 
263 0 . 0 
2 6 4 0 . 0 
26 5 0 . 0 
2 6 6 0 , 0 
76 7 0 . 0 
76 8 0 . 0 
2 6 0 9 . 0 
7 7 0 0 . 9 
271 0 . 0 
? 7 ? 0 . 0 
27 3 0 , 0 
7 7 4 0 , 0 
7 7 5 0 . 0 
7 7 6 0 , 0 
2 7 7 0 , o 
2 7 8 0 , 0 
2 7 9 0 . 0 
2 8 0 0 . 0 
7 8 1 0 , 0 
7 8 2 0 , 0 
' 3 3 0 . 0 
2 3 4 0 . 0 
7* 5 0 , " 
7 3 6 0 . 0 
78 7 0 . 0 
7 8 3 0 . 0 
7 3 ° 0 . 0 
2 3 0 0 . 0 
2 9 1 0 , 0 
292 0 . 0 
2 9 3 0 . 0 
7 O 4 0 . 0 
7 O 5 0 . 0 
2 9 6 9 , 0 
2 9 7 0 . 0 
2 3 8 0 . 0 
2 0 3 0 . 0 
3 0 0 0 . 0 
3 0 J . 0 . C 
302 0 . 0 
.303 0 , 0 
' 0 4 0 . 0 
3 0 5 0 * 0 

1 9 1 , ? 5 
? 3 6 . ' 5 
? 0 ' , 3 4 
70 6 . ' . 2 
7 1 2 . 3 0 
?1 7 , 4 7 
2 2 ' . 0 4 
22 8 . 7 1 
7.3 4 , 4 8 
2 4 0 . ' 5 
2 4 6 . ' 2 
2 5 2 . 3 9 
25 8 . ^ 6 
2 6 4 . 8 3 
27 V. 7 0 
2 7 7 . 6 8 
28 4 . 7 6 
2 3 0 . 9 5 
2 9 7 . 7 4 
3 0 4 , r 4 
n ! . « s 5 
3 1 3 . 7 6 
3 7 5 . 3 8 
3 3 3 . ' I 
3 4 0 , 7 4 
3 4 3 , 2 9 
3 5 5 , 9 5 
3 6 3 . 7 1 
3 7 1 , 5 9 
' 7 9 . 5 8 
3 P 7 . 6 3 
3° 5. 3 0 
4 0 4 , ? 3 
■41 2 . 6 7 
4 2 1 . 2 3 
4 2 3 , 3 0 
43 8 . ', 8 
44 7 , 5 8 
4 5 6 . 6 0 
46 5 . 7 3 
4 7 4 , 3 f l 

48 4 . 3 4 
49 3 . 3 2 
50 3 . 4 ? -

5 1 ? . ' 4 
5 2 2 .

a
8 

53 2 . 3 ? 
54 3 . 0 1 . 
55 3 . 2 0 
5 6 3 . 5 1 
5 7 ^ 4 . 
5 8 4 . 4 9 
5 0 5 , 1 6 

3 0 6 0 , 0 
' 0 7 0 . 0 
3 0 8 0 . 0 
' o q o . o 
31 0 0 . 0 
311 0 . 0 
31 ? O.J0 
31 3 0 , 0 
314 0 . 0 
31 5 0. 0 
'.'. 6 0.O 
317 0.0 
313 0.0 
319 0.0 
3200 .0 
' ? ' 0 , 0 
• '770,0 
3 2 ' 0 . 0 
3240.0 
' 7 5 0 . 0 
32 6 0,0 
' 2 7 0 . 0 
37 3 0,0 
3290 .0 
33 0 0 . 0 
3 3 1 0 . 0 
3 3 2 0 . 0 
' 3 3 0 . 0 
33 4 0 . 0 
' . ' 5 0 . 0 
3 3 6 0 . 0 
33 7 0 . 0 
' 3 8 0 . 0 
3? o o . O 
34 0O..0 
34 ' 0 .0 
3 4 ' 0 . 0 
3 4 3 0 . 0 
3 4 t o . 0 
34 5 P. 0 
34 6 0,0 
34 7 0 . 0 
3 4 " 0 . , 0 
3 4 0 0 . O 
3 5 0 0 . 0 
3 5 ' 0 , 0 
' 5 2 0 , 0 
? 5 7

A
, 0 

7 * 4 0 , 0 
3 5 5 0 , 0 
3 5 6 0 . 0 
' 5 7 0 , 0 
35 8 0 . 0 

60 5 . 9 5 
6 1 6 . 8 6 
62 7 . 8 9 
6 3 9 . ^ 5 
65 0 . 3 2 
6 6 1 . 7 1 . 
67 3 . 2 3 
6 8 4 , 3 7 
6 3 6 . 6 3 
70 8 . 5 1 
72 0 . 5 1 
7 3 7 . 6 3 
7 4 4 . 8 8 
7 5 7 . 2 4 
76 9 . 73 
7 8 2 » ' 4 
7 ° 5 . 3 8 
30 7 . 03 

87 0 . 3 1 
P 3 4 . 0 1 . 
84 7 . 2 3 
8 6 0 . 5 7 
8 7 4 . 3 4 
88 7 , 6 2 
9 0 1 . 3 3 
? 1 5 . 1 6 
" 2 9 . U 
9 4 3 . 1 8 
95 7 . 3 8 
9 7 1 . 6 9 
98 6 . 1.3 

1 . 0 0 0 . 6 8 
1 0 1 5 . 3 6 
1 0 ' 0 . 1 6 
1 0 4 5 . 0 7 
1 0 6 0 . I t 
1 0 7 5 , 2 7 
1 0 9 0 . 5 5 
1 1 0 5 . 9 4 
1 1 2 1 . 4 6 
11.3 7 . 0 9 
1 1 5 2 . 8 4 
1 1 6 8 . T 2 
1 1 8 4 . 7 1 
1 2 0 0 . 8 1 
1 2 1 7 . 0 4 
1 7 3 3 . T 8 
1 2 4 9 . 8 4 
1 2 6 6 . 4 1 
1 2 8 3 . 1 0 
1 2 ° 9 . 9 l 
131 6 , 33' 
1 3 3 3 . 3 7 . 

3 5 3 0 . O 
36 0 0 . 0 
361 0 . 0 -

3 6 2 0 . 0 
3 S ' 0 , 0 
3 5 4 0 , 0 
3 6 5 0 . 0 
3 6 6 0 . 0 
367 9 . 0 
36 3 0.0 
36O0.0 
' 7 0 0 . 0 
3 7 1 0 . 0 
37 2 0 . 0 
3 7 7 0 . 0 
3 7 4 0 . 0 
' 7 5 C O 
37-6 0 . 0 
37 7 0 .0 -

37 8 9 . 0 
37 9 0 . 0 -

38 0 0 . 0 . 
' 3 1 0 . 0 
73 2 0 . 0 
3 3 3 9 . 0 
73 4 0 , 0 
385 0 . 0 
39'5 0 . 0 
33 7 0 . 0 
' 8 3 9.-0 
3 3 T 0 , 0 
39 0 0 . 0 
331 o, , 0 . 
337 0 . 0 
3 ' " 0 , 0 -

3 3 ^ . 0 . 0 
3 9-5 0 . 0 
3O6 0. .0 
3 9 T O , 0 
'OR 0 . 0 
3 9 9 0 , 0 
4 0 0 0 . 0' 
401 0 * 0 
4 Q 2 0 . . 0 
4 0 ' 0 . 0 
4 0 4 9..0 
405 0 . 0 ' 
4 0 6 0 * 0 
4 0 7 O . 0 
4 0 8 0 . 0 
4 0 9 0 r 0 
4 1 0 0 . a 
4105.4 

' . ' 5 1 . 0 2 
1 3 6 8 . 2 9. 
1 3 3 5 , 6 7 
1 * 0 ? . 1 6 
1 '4?0 . 76 
t 43 8 . 4 8 
1 4 5 6 . 3 1 
1 4 7 4 . 2 6 
3 4 9 2 . 3 1 
H ! 0 . 4 7 
1 5 7 8 . 7 5 
1 5 4 7 . 1 3 . 
1 5 6 5 . 6 3 
1 5 8 4 . 2 3 
1 6 0 7 . 9 4 
1 6 2 1 . 7 6 
1 6 A 9 . 6 8 
1 6 5 ° . 71 
1 6 7 8 . 3 5 
1 6 9 8 . 0 9 . 
' 7 1 7 . ^ 4 
1 73 6 . 9 9 
1 7 5 6 . 4 5 
1. 77 6 . 1 1 

1 79 5 . 9 8 
V 81 5.74 
1835 .71 
1855 .77 
1875 .94 
1 .896^71 
1 9 1 6 , 5 7 
1 9 3 7 . 0 4 
19-5 7.-6 0 
1 9 7 8 . 2 6 
1 9 9 % 0 2 
2­010.8 7 
204 0.81 
2 : 9 6 1 . 8 ? 
2 0 8 2 . 3 9 
2 10 4-. 72 
7 1 ? 5 - 5 W 
2 1 4 6 . 3 5 
2 1 6 8 . - 4 5 
? 1 > 0 . , 0 4 
2 2 1 . 1 . 7 3 
2 23 3.-5 0 
2'75 '5.3 '6 
2 2 7 7 . 3 0 
2 7 0 O . 3 4 
2 3 2 1 . 4 6 
2 3 4 3 . 6 fr 
2'36 5.9 '5 
2378.17 
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resistance to verify that vapor phase was 
present in a vapor pressure determination. 
Their tests showing a substantial constancy 
of the temperature at the top of the capsule 
while refluxing lsobarlcally at different 
rates seemed to confirm the merit, in the 
boiling method, of measuring condensing 
rather than boiling surface.temperature. 
However, they selected as the critical 
point a condition of Instability in the 
cell, which, as shown in Fig 5, is about 
150 F and 70 psi too low, and, in fact, 
rather far from the vapor pressure curve. 
Furthermore, their vapor pressure data, 
as seen in Fig5,6 have a higher slope than 
ours, agreeing with eq 3 at approximately 
2860 R and ranging from lower below that 
temperature up to 9.4# high at 3956 R, 
their supposed Tc. 

It would seem that the main trouble 
is that with a wide vertical cell and a 
negative temperature gradient, Instability 
is to be expected before the critical point 
is reached, and Bowles probably did not 
encounter it because his maximum temperature 
was somewhat lower and his 'temperature 
gradient and L/D ratio much smaller. It 
also seems probable that Freyland and Hensel 
at their higher temperatures would not have 
observed as good constancy of their con­
densing temperature with change of capsule 
temperature gradient as they did in the run 
reported at 23 bars (19). For a given 
capsule overall AT, the boil­up rate would 
no doubt increase with P (20), and very 
probably the condensing film AT would in­
crease, and the surface temperature v/ould 
have to decrease. Presence of any non­
condensible gas would have a similar effect. 
These effects are both in the direction of 
the main discrepancy in their vapor pressure 
data. In particular, it may be that accurate 
critical property determinations cannot be 
dependably carried out in capsules with 
finite volumes of both liquid and vapor 
phase, and that extrapolation to the con­
dition of a single phase, only locally at 
the critical point, as made use of in the 
"pressure tube" method here employed for 
Pc and Tc, and approximately in the "tilt­
ing capsule" method for pc and Tc (21), 
Is preferable. 

Among the prior studies of the vapor 
pressure of potassium,that of Ewing et al 
(22) was the most complete and reached the 
highest temperature, 2836 R. Table IV 
shows that agreement with his equation is 
obtained at about 3200 R, his pressure 
being some 2.7# high at 4000 R. It is 
therefore undesirable to extrapolate his 
Kirchhoff­type equation beyond some 3200 R. 

TABLE IV 
COMPARISON OF CORRELATIONS FOR VAPOR 

PRESSURE OF POTASSIUM (PSIA) 
°R 
2800 
3200 
3600 
4000 

Eq 3 Bowles (l8) Ewing et al(22) 
(135:51) 136.1* ' — 
363.71 
769.73 
1368.29 
2146.95 

364.44 
774.60 
1372.74 
2145.15 

127.b7 
358.50 
(770.21) 
(I385.76) 
(2203.75; 

These equations In psia and R are: 
Bowles: In P =­ 21.13050­19945.3A­1.02160 

In T 
Ewing et al: In P = 16.82326­18732.22A 

­ 0.53560 In T 
THERMODYNAMIC CONSISTENCY; 

As an independent verification of the 
internal consistency of the vapor pressure 
data, the "Third Law" check was­ applied(23). 
The heat of vaporization of the monomer at 
absolute zero was­ computed for each measured 
saturation point.. The equation employed lsr 

( AH°)y = ­RT l n Pis"' ■
T
f{(^)

 E
-
s?

>' 
p^f-f}] 

where p,„ =­r
ls ­1 + NA K P

S * I 
2K 

(5) 

The vapor dimerizatlon equilibrium 
constant K was obtained from Stull and 
Sinke (24) and the enthalpy and entropy 
functions from the formulae for Cp(T) Used 
by Ewing et al (25). The average (AH§)v 
was 22.267 Kcal/g atom, some 2% higher than 
21.7 as calculated from low temperature 
measurements (26). In addition, there is 
a slight steady decrease In (AH°>)v of 1% 
over the whole range of 2700 to 4100 R, 
with a standard deviation or 0.5# of the 
points from the best straight line. Accord­
ingly, these vapor pressure, values are well 
corroborated by this standard test. 

Due to the uncertainties in the re­
quired extrapolations of the several 
thermodynamic functions to these consider­
ably higher temperatures, it was also de­
cided to determine the average C"p,L which 
would eliminate the modest trend with tem­
perature of (AH0)y. It was found that a 
Cpr of 0.213 yielded an average (AK°)v o f 
23.816 Kcal/g atom with a standard deviation 
of 0.17#. Leaving out the 7 lowest tem­
perature points, with presumably the least 
accuracy in vapor pressure, the average ,­
(AH0)y becomes 23.835 over the range of 
3200 to 4100 R, with a standard deviation 
of only 0.055?. If these vapor pressure 
data are accorded greater accuracy than the 
extrapolation of C T, it would be concluded 

p,jj 
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that a constant value of 0.213 cal/g deg K 
"or Cp L Is preferable to the function of 1 in tnis high temperature range, even 
hough the ( 2iHo)v obtained is some 10^ 
higher than reported by Evans et al (26). 
NOMENCLATURE 
C„ ,. C of saturated liquid, cal/g K 
P,L p T Equilibrium temperature corresponding to P, deg R = 459.7+F 
(AH°)v Standard heat of vaporization of 

potassium monomer at 0 R, cal/g 
atom 

K Equilibrium constant of dimerizatlon, 
atm'l 

PS,P Vapor pressure of saturated liquid,atm 
p, Partial pressure of monomeric potas­

sium, atm 
(h^) Enthalpy at standard state, BTU/lb 
<.° T Entropy at standard state , BTU/lb R R Gas constant 
ACKNOWLEDGEMENT 

This work was supported by the Divi­
sion of Research of the U.S. Atomic Energy 
Commission under contract AT(ll-l)-3027 
with Columbia University. This article Is 
designated report COO-3027-4. 

Assistance by research students J. 
Larrain, L. Breitstein, and J.-W, Chung 
of the Liquid Metals Research Laboratory, 
services by F. Antezana, F. Lech, and G. 
Trost of the Department of Chemical Engineer­
ing, and cooperation by R.D. Brooks of the 
Nuclear Systems Programs, Space Division, 
General Electric Company, are also much 
appreciated. 
REFERENCES 

1 Silver, I.L., "Vapor Pressure and 
Critical Point of Cesium, Eng.Sc.D. Disser­
tation with C.F. Bonilla, Division of 
Nuclear Science and Engineering, Columbia 
University, 1968. Avail. Univ. Microfilms. 

2 Silver, I.L. and Bonilla, C.F., "The 
High Temperature Vapor Pressure and the 
Critical Pressure and Temperature of Cesium 
by Direct Measurement," Proceedings of the 
5th Symposium on Thermophyslcal Properties, 
ASME, pp.4b1-467 (1970). Also:CU-2660-61. 

3 Stuteville, D.W., Bhise, V.S., Das 
Gupta, S., Chung, J.-W. and Bonilla, C.F., 
"Revision of High Temperature and Critical 
Properties of Cesium, submitted to the 6th 
Symposium on Thermophyslcal Properties, 
ASME (1973). 

4 Bhise, V.S., "Vapor Pressure and 
Critical Point of Rubidium," M.S. Thesis 
with C.F. Bonilla, Dept. of Chemical En­
gineering and Applied Chemistry, School 
of Engineering and Applied Science, Columbia 
University, 1969. Also: CU-2660-51. 

5 Bhise, V.S. and Bonilla, C.F., 
"Vapor Pressure and Critical Point of 
Rubidium," submitted to the 6th Symposium 
on Thermophyslcal Properties, ASME (1973). 
Also: COO-3027-5. 

.6 Helse Bourdon Tube Co., Newton, 
Conn., type CM. 16 in. diameter 3000 psi 
test gauge. 

7 Consolidated Electrodynamics Corp., 
Monrovia, Calif. Type 4-326-0008, corro­
sion-resistant high range pressure trans­
ducer (.5000 pel). 

8 San Fernando Laboratories, 
Pacolma, Calif., nuclear grade CVD tungsten. 

9 Hoke, Inc., Cresskill, N.J., 
10,000 psi hydraulic valve model 3514 F8E. 

10 Gardner Bellows Corp., S.S. bellows, 
2 In. active length x 1.002 in. OD, 3300 
psi rating. 

11 Hoskins Mfg» Co., Detroit, Mich. 
12 Norton Company, Refractories Div., 

Worcester, Mass. Magnorite fused crushable 
Insulator tubes (99.4JS MgO minimum). 

13 Larrain, J. and Bonilla, C.F., 
"Cross-Conduction Errors In Thermocouplesy" 
Nuclear Engineering and Design, Vol. 8, 
pp.25l-27r (1968). Also: CU-2650-42. 

14 Weston Instrument Co. Model 
1294-0270600, 4-1/2 place, 0-200 mv digital 
millivoltmeter. 

15 Centorr Associates, Inc., Suncook, 
N.H. 2500 C graphite tube furnace. 

16 Halmar Electronics, Inc., Columbus, 
Ohio, Model PAl-2475 single phase controller.. 

17 Jerez, W.R., "The Vapor Pressure 
and the Critical Point of Potassium," M.S. 
Thesis with C.F.. Bonilla, Dept. of Chemical 
Engineering and Applied Chemistry, School of 
Engineering and Applied Science, Columbia 
University, 1972. Also: COO-3027-9.. 

18 Bowles, K.J., NASA Technical Note 
D-4535, "Vapor Pressure of Potassium to 
2170 K." (1968). 

19 Freyland, W.F. and Hensel, F., 
"The Vapor Pressure Curve of Liquid Potassium 
up to the Critical Point,"' Ber.Bunsenges-
physik. Chem., Vol. 76, 1619 (1972). 

76 cTchelli, M.T. and Bonilla, C.F., 
"Heat Transfer to Liquids Boiling under 
Pressure,", T.A.I.Ch.E., Vol. 41,. 755 (1945)'.-

21 Oster, G.F. and Bonilla, C.F., 
"The High Temperature Saturated Phase 
Densities and the Critical Density and Tem­
perature of Cesium," Proceedings of the 5th 
Symposium on Thermophyslcal Properties, ASME, 
PP.468-474 (1976). 

22 Ewing, C,T., Stone,. J.P., Spann, 
J.R. and Miller, R.R., Journal of Chemical 
Engineering Data, Vol. 11, 4b2 (19bb). 

23 Golden, G.H.,and Tokar, J.V., 
"Thermophyslcal Properties- of; Sodium,. 
ANL-7323, May 1967. 

24 Stull, D.R. and Sinke, G.D., 
"Thermodynamic Properties of the Elements," 
Advances in Chemis_try Seriesr Vol. 18, 'American "Chemical Society TNOV.. 1 9 C U ) . 

25 Ewing, C.T., Stoner J.P., Spann, J.R., Steinkullev, E.W., Williams, S.D.,and 
Miller, R.R., "High Temperature Properties 
of Potassium," NRL Report 6233, Sept. 1965* 

26 Evans, W.H., Jacobson, R., Munson, 
T.R. and Wagman, D.D., "Thermodynamic 
Properties of Alkali Metals," Journal of 
Research National Bureau of Standards, Vol. 55,83 (1955). 

361 


