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ABSTRACLT

The vapor presszure of potassium wihs
experimentally determined from 2100 F up
to its criticael temperature, An empirical
equafjgn of the ferm In P =4 + BN + C 1In T
+ IT=+7 wag Found to best Fit the data. A
critical pressure of 2372,2 T U0 p=ia
{151.79 ¥ 0.27 ata) was measursd. The
correzponding crdtical temperature, extra-
palated frip the gressu -temperature curve,
is o5,k T s R {(280,B T 3 K).

The teshnique employed wae the pres-
sure tube method developed earlier in thls
laboratory and uwgad lor determining the
vapar pressure of rubldlum and ¢esiam,

Thir mothod measures tha critical presgure
directly, as well as= the vaper pressure at
lower temparaturss,

INTRODUCTION

Potazsiun his beeh studled 2z a
ruclear reactor coolant and as a Rankine
ayele worlking fluld for space power plants,
For design and gptilmization of such uses,
the wiper pressure Ii= neaded up to high
temperatures, and preferably up to the
eriticsl polnt, Ik additien, critical
point properties are useful 1n correlating
and in predicting other properties, Plnally,
tha family of the alkali metals provides
a gaguence of metals of gradusted properties
mith which sorrespording states cAn be come
paped and the neture of the liquid state
studied.

secordingly, the wapor pressure and
critical point of potasslum were meagured
by the "pregsure fube" method, devised and
Initially emploved with ceajum (1-2} ana
rubidium {4,5) in this laboratory.

AFPPARATUS

The sjuipment employed with potassium

(Fig 1) used the same concept as earlier
of 3 small-bors “pressure tube” clozed at
one end and connected 8t the other to a
liquid lnjectlion and hlgh pressure measur-
ing system. BAs before, pures dodecane was
used above the alkell metal to foree LT

n the pressure tube and to transmit the

erated pressure to the gauges, Also

ssure was read by a 3000 pai Helze goupe
{6) and 2 5000 pai CEC (7 ) tranaducer,

both callbrated with a dead welpght gauge,

However, substantizl lmprovements
were adopted For thiz stuwdy. The pressurs
tube, Inciuding the closed tip, was now
made of ehemically vapor-depozited tungsten
in one plece, Q0,10 in, ID x 0,34 in, QD
x 15 in. long {ﬁ + Tha ppan and waz thern
centerless ground to 5716 in, OD for a
Gyrolel coupling te the system, Ancthep
key improvement was the use of 8 "digplace-
ment ¥&lve" or in)e¢ctor, & high pressure
velvre having a 3 in, diameter valve stem
with & lew-leaksge Teflon cylindrical or
Viton O-ring packing {(9). The szeat was
drilled out to permit s longer stem travel,
and the velve handle waa Fitted with a
pointer and a scale gradusted in undredthe
of & turn., An additional injector waz made
from a high pressure stainleas ateel kellouws
flg ritted with a clnse=plteh pompresfeion
zerew, also with a poilnter and scale, It
wAs too “moft," or compreszsibla {(high
d¥/dP at conetant setting}, to use or to
leave ih the active system while deter-
mining & vapor preseurs, bub was helpful
for traneferring substantial amounts af
dodecans inte or out of the system when
necessary, then shut off,

The tip temperatore wes given by four
1-5% Re/W-26% Re palira el 0,010 in. bare
thermocouple wires {1} wlth MgC zleevesl
{13}, 'Two more thermocouplss 0,5 and 1.0
in, away verified the positlive tomperatupse
gratient tomardzs the tip., The salibration
provided svery 200 F by the manulactursr
vag [itted by Least Sgquares with a cuble
eguation in temperature, The consensus 1s
that thiz thermapouple wipe dees not drift
in calibration #1lth moderate times, AL
lepat vver the several days required by sach
group o rung, thls was verlfied by the pood
aereement among early and léte podnts of P
¥y T,

Welding of tungoten tends to inltilate
prain growth and brittlensas, Accordingly,
the thermocouple wires were nok welded
together, nor to the pressure tube, Instead
the 8 tip wires were placmalternating in
composltlon argund the tip, l1=ading axiallyr
away Irom the tube, then firmly tied down

MASTER

-~

IELngle Bleeves, or double Blesves with hoth
vires of the same compesltlon, were employed
to avold poszible cross-conduction error flai
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by zeveral turns of 0.003 in, tungaten wire
with 1%s ends twisted tightly together,
This arrangement substantially tranalerred
the effective hot junctiona to the contacts -
hetween the thermocouple wires and the
pressure tube, celewlated to be well within
1 F from the actual inner tilp temperature,
It also facillitated utilicing every wire
that remainad AF ona or more of the wires
ghould become open-slrenltied, or picklng a
palr of spaced wires az 8 monltor couple,
since each wire composition led fo lte own
selastor switch, and any one wire of =ach
compeeliion could be employed, In the
C-rung thepmocouples werse read dlgitally
{14) for apeed and steadiness, and verified
with a8 preclslon patentlometer at intervala,
The furnace (15) was rated 2t 16 KVA and
00 ¢ and employed 3 1,5 in. ID graphlite
tube heater 15 in. leng, in an argen atmos-
vhare, A thyristop 5CR wlth phase angle
control (16}, empleying a Dekapot working
w4 1oad IR drop, ylelded very steady and
Tflnely controllable Furnace temperaturss.
Doawruard inseption of the presoure
tube into the furnace was employed, as
with Ce and RAb, to minimize likelihood of
interference of possihle Inert gas left In
the system with the vapor spaes at the
tip, The possible disadvantzge of inatabl-
l1ity in the cbeerved pressurae, dus to
liquid ralling at the interface, waz only
gbaerved in 3 runs (C-4,11,12) and did net
cgufe disagresnent between These bhreak
polnts and the vapor preszure sorrelating
equations. :

Experimental Frocedure

The syoteém [Fig 1) was Tirat
evacuated, then rilled with 99,995% argen
and reevacoeted, smveral times, Thaen the
pressure tube section was shul off and
charged with 10 g of molten potazssium
{Tabie I), r1lling it and part of the 35
tubing above 1t, Heeping the K molten,
dodecane 1n the reservolr was deaerated by
bubbling argon, the syctem reevacuated,
and the dodegane passed downwards, com-
pletely Ffilling the remalning system space,
By peaaing DC aleong the 53 tube and heatling
jt with 2 Bunsen burner until a sharp IR
break in the tubing was cobtained, wettlng
of the tubing by the K was achleved and
the looatlon of the interface verlfied,

Iuring charging and at all later
timea it 13 negessary to prevent penetra-
tion of the oil dowm intoe tha K, whers on
1ater high temperzture rung 1t 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 adJ)acent 35 tube, Forr shubdowns 1t 13
pecessaTy to ool and fresze the K se-
mantially Cron the pressuretube tip to
the interface in the adjacent tube, aveld-
ing freezs cracka, Remelting For later
runag 13 done ln the reverse gequences,
Thug the pluge encountered previgusly with
Cs and Kb, and arter run: & and B, - causing
tha termination of those runa, can be
avoided,
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VAPOR PRESSURE

NTECR 4Fllader

®s ohtain vapor preszsors data, fuor-
nace powar wWags adjusted until & steady tip
temperature wag cbsarvad in the desired

© tamparature range, The bellows was Ehen

used to introduce or remove oll, so as to
adijuat the oayatem pressure to about T80 psil
below the expected vapor prefsure with the
injector atem at 1ty cutermost posltilon,
This ensured an adequais Hut not excessive
vapor apace at the tip of the presaure tube
to completa & cuorve without (urther K
additlon. The K vapor-1iguld intarface uwas
now alowly forcsd towards the tip by turhing
the injector handle inwards Ln small incre-
ments, Thia basically reduces the tetal
system volume, and 15 eguivalent to 1n-
Jecting E into a constant volume apparatus,
The vapor-ligquid interfage encounters
rising temperaturss as Lt moyves fowards the
tip, The prazsure lnside CLhe apparatos 18
aeen bo rise instantly to & new velue with
each amall inerement injected, which 15 the
saturation vapor pressure at the 1ocal pres-
aupé tubs tempepatups where the interfzee
happens to be located, Thus, the presaure
inepeaza follows bhe temperature gradlent
glong the pressure tube, After the llguid

_ecompletely C111ls the tubs, the pressere in-

crezaes mech more rapldly due th the
grecter "hardnesa™ of a zomplately liguid-
fi1lled syatem. For each run the output of
the pressure transducer was plotted on a
recorder, and the Helse gavge readlng and




TABLE I
- ANALYSTS PROVIDED FOR THE "HIGH PURITY
FOTASSIUN" SUPPLIED IN OLASS CAPSULES
BY MSA RESEARCH, THC,

51 25 ppm
N‘a 15 L]
Ca B "
Mg e
Hn 1 []]
B, 2Zp €10 " each
Fe,lo,8n, Pb,0r,T1,H1 ¢g " "
. Ho’m <I 3 L1 L]
. Al v 2
Cu,V,Be,Ag,5T <3 " °
a L
K (guaranteed) »899.05%

tip thermocouple voltages writien on the
chapt at the gorrect Time., Since & onifaorm
time interval was emplpyed for £ach point,

2 dlrect plot waz obtailned on whlch a pre-
liminary sbservatlon could be mads off the
break., Howswver, the Helse gauge readings
uere gonzidered more rellsble, and wers sp-
Ployed in the final plots, e.z. Fias 2-4%,
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Fig,? HRun B4 {Subcritical)

Tip tampepaturs: 338959 R
Brealk Pressure ;0 1032.34 psle

The teo branches of each plot were then ex-

tended by straight-edgea or Freanch turves

te their Interszection, A correetion for

hydrostatic head of the geuge center over

the prescure tube ti1p was added, and the

. tip temperature was obtiined PFrom the
wemgcouple wilre correlatlon, using the
rerage of the tip themmossuple voltages,
*ker eliminating any that might have rallen

aat of general egreement with the others, A

typical high tempersturs break 1% shown in

FiE 2. The procedure sWa:s continued for a
number of valume and presgure lhncrements
beyond the break in the P.¥ curve, then the
Injector valve stem waz screwed out and the
procadure repeated at a new tip temperature.

CRITICAL FRESSURE "

In 8 zeries of runz a4t lnersasing
temperafures, evontually the pressure twbe
£ip reaches and axresds the critical €em-
parature, T,, In this asltuation, some
point aleng the pressure tuke, slightly
above the tip, has exactly reached T.. Yhen
the llguid-vapar inteprfase reachas tﬁis pasi-
tion a change suddenly cccurs: this inter-
faze disappears, and all of the [luld down
to the tip changes from subcritleal vapor
to supereritieal fluld., Experimentally 1t
iz lound that & break, though less zharp,
etlll decurs in the P-V curves, The break
15 evidently obtained &t this location, namely
at the cpitleal pressure, Pn. which 1z thusz
observable, and at Ts, which ls below T bot
iz net determinable From the test zlons,
singe neither the locatlon of the interface
nor the exact temperature distribution along
the tubs 1% known, Pe 15 verifiable by other
rune at other high tip temperatures, which
are found to show thelr breaks etill &t the
game preaxsure, within a relatively hlgh ordep
of reproduelhllity for these rather oxtreme
conditlan=, . .

J1x polnts with supereritlicsl tip
tomperatures wore obtalned, as liated in
Table IT, wWith widely dlfferent T, buet P
within & spread of 0,3%, Pige % and 4 zhow
typleal stpereriticel runs, An interezting
difference 15 that PIg 3 shows an increame-
in slope at the break, 8g wlth the suberifiecal

2500 : T - |

GAUGE FRESSUAE | PRIA §

]
12003 — 3 3
‘ TOARS 0F DMPLACEMENT WALVE
Fig,3 FRun BI6 - -

Tip Temperature: U3INT.18 R (Supercritical)
Arealr Frescure @ "23081,00 peia (Grlticald
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runs, wherese Flg 4 ghows a decreage in alepe,
On ilngpection,runs B-16 and 22,with tip super-
neats of 248 and 16% F, ohow lncreases, Runs
¢-9 and 18, with tip superheats of 36 and 19 P
show decrescses, Evidently high t1p superheats
cause slope Increase and vice versa. Runs
B-15 2nd 17,Tfor which the tip thermocouples
falled,show slopa decreases, and presuomably
did have low tlp temperatures, Interpolatling

!

1500

:

2300

GAUGE PRAERSIME | PEIA H

]
i

OF MHEALAGEMENT WALVE

ob

TURANS

Flg . 4 Run C1%

Tip Tenperature’:
Braal Preszacre @

8115,7 R (Supercriticall
2373.52 peia {Critical)

on & plot of slope increase at the brazk

vs (T-T.) gives tlp superheatz of some 41
and 28 F, reapsctively, For these runs,
About 57 to EggF 1= obtalned as leading %o
ne ¥isibla bresk. This abzervation might
be verifi.d theoretically, for a given tip
toatmperaturs, by inteproting aleng the tube
to the tip, with &an approprizte temperatube
distribution, and ohtaining the integrated
volume contraction for a smal) pressure In-
crement, Howeyer, it has the praptical
reszult that il supercritical Tunz on poca-
atgn do not show a break with & particular
subetanee in a given zpparétes, one cahn
probably svercoms that LI Miculty by raising
or laweping the tip temperatoure while =till
exceeding khe critical temperature range,

Experimental Resultls

Three peparate series of rung wers
carrled ovut, Huns A and B ylelded encugh
resulte lor the thesls {17}, Runs ¢ wera
carrled out as an added check on the prier
reaaulte, #nd to obtaln manre data 1n tha
eritical reglion,

The %4 polnts collected are glven In
Table IXI and, except for the 4 that wers
rejected for large deviatlons, are plotted
in Flg 5, with the last 100 R anlarged in
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P

Fig &, The tip temperatures are conalderad
reproducibla to T 20 microvolts, or 2 F,
vith uncertaintiea 1n the celibration
ralsing the standapd error te sbsut & F,
The pressures are consldersd reproducible
o within about 1 pail, and accorats to
about 2.5 psl, which ylelds a standard
error of about 3 p=i, considering &rvors

in the gauge and in the graphlical inter-
pection,
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Fig,b Vapor presaure of potaasium
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Fig,6 Vapor pressure of potassivm -
criticel reglon

CRITICAL PRESIURE

The criltic=) preasure values 1n Table
11 yield a mean of 2378.2 psia with a
standard devistion of 3,06 psle. An addl-
tionsl satlmated uncertainty of 1,0 pzia in
the breakpoint and a gauge reading uncers

talnty sstimated at 2.4 Eaiﬁ yield a
standard error of F, of 4.0 paia,
CRITICAL TEMPERATURE -

Detemining T» requires extrépolating
the vapor pressure as obtalned from the
experimental polnta to the accepted Pp of
2378.2 pela, Thils could be done by fitting




EXPERIMENTAL DATA 0N VAPOR PRESSURE ANWD CRITICAL PRESSURE
OF POTASSIUM, AND QOMPARISCON WITH CORRELATING EQUATIONS

; te! rimental Imta
TemperaEure Fressure
Hb.

(12!?1}
558,79
2?32.#2
na 2934 6
3093.
nE 33?3.33
{3/72)
B 2?2?.33
2B
.
6 30667 ,19
BT 3850,39
BS 3520.,49
yole) 2030,39
B1O $387.09
E1l 721,39
PiZ ﬂzﬁ.gg
Bl Lis
Pl 4134.59
Bl
i1 L346.89
B1?
BLB ZT00,39
Blg 3370,1%
B?O g™ P
B21 033.19
B2? .7
BZ?3 3813 3
B4 4057 .69
15/72)
Cl A5T4,T5
& et
gi 230,00
EE 3936.37
093,14
cT 03% L s
ch 13
2 ha1o, 31
cl0 Ty S
¢ll 4ihs, 51
- g1z uu&ﬂ.lﬂ
clﬁ 40%0,39
o] hiia.712

*S5uperoritlical points not Inecludad in the surve-fik

[psia}

203, LO#e
11.77
TT.T0

Bhl 2o

B31,50

1007, 20

gag.zo
25.80
Bon,n?
1032, g
1220.60
1488, 24
13#3.20
1776,15
483,74
10260, 70
1600, 40
2228.00
22EL, 00
23k1 . ogw=
27T o0
2381 00"
2382 009
356,24

2711 [00w*

1321,52
1233.0¢
1568,52
1815.02
2013.02
?136.587
2e23.52
23175.5:%
2179,52
788,52
zzua 52

32'5?
23?3 52-

TABLE IT

[ 6B}
Presgure by Ebrrulatlng Equaticns o'V
Eq 1 . £q b
(psia} {Pﬂiaj {Pﬂiﬂﬁ {cal/g atom)
) 205,58
80,15 T9.30 23767.9
639,21 642,96 23787.21
82h. 01 832.27 23820, 38
995,12 1004, 29 23828.65
%12.26 04,80 23703.20
' 16.585 ég.gz 23761 I
8g, - To5. 2380,
1018,16 - 1029.61 2362k,
12%2.,50 12%5.23 23887 .02
1475.53 1487.20 2380k, 54
1835.7 183606 23832.78
177406 1TTF.05 23848, 18
485 _aa agk _vo 23TES .60
1014, 42 1Wen.82 23830.01
157212 1586, 23218,16
2209,56 Z223.,70 2203.85 TITET.O0
2375.13 2297 56 2272 .63
360,53 346 .24 23718, 58
B8O, 77 Igun.g? 23845.55
mirj
#2723 .85 2239.53% 22?3.62 ' 236830.22
1769,25 177242 238e0,03
1372.67 238L0, 74
1312.51 1324, Eg 23887 ,.47
1219.7 738ho, 77
1568, 2 gg gﬁ 23844 T
1812.29 1813, 7384t TS
020,00 012,25 23841, zg
140,35 2147, 24 2132.25 738374
2224 A2 2240,16 2219,21 23830.22
2176 08 2186 .66 2169.21 2382144
2280.,00 2308 .57 22R2.8 ZIBRE .75
224 83 2263. 2?41.3 23824,93
2323.63 2350 7321.53 73815, B5
2345,80 - 2379.1 2344 68 73836.,57

*#0ther polots not Lneluded 1n the curve-Iit due to larger dewiatiﬂna rrom

smooth eurve.

357




#1} of the pointa by least squares with a
alrgle equation of a3 many terms &g 1
sppropriste to minlmize the standard de.
viaticn of the polnts from the equatloch.
Howewver, this would be impoaing a single :
form of equation over the full temperature=
range, and in all probability inersasing
the deviation of the corralatlon from the
higher points comparsd to a correlation
limitsd to theses polints, which should have
the greatezt infloance in extrapelating to
ocbtain Ta.

Accordingly a simple Young'a sguation
was Fitted by least squares to only the top
1¢ points in Flg &, yielding for P in pela
and T in deg R:

in # = 11,520581 - 15,3G7,.0084T {1}

A et AR e pt o Wy
gkituting PaP.= p=iz ylalds T+
b (2008 K. batn & tombined’
standard erpor of 5 R. Thisz 15 socepted as
the criticai temperature ol potassiam from
thiz program. & 3-term Kirehheff eguation
was found not o Fleld a lower gtandard
deviation tham ag 1, It gave T.=N107.04 R,
which dees not seem preferable to Lhe
strajght-1ine rezelt HIG5, 4 R, 83 2 T
lower than 105,4%, if different, might be
axpastad

VAFOR PRESEURE

P
To £1€ the vapopr pressure data over
the full temperature range of this program,
Additionz] terms would be needed, UDE1l1-
zing the full 34 accepted auwberitical polnts,
the following equations ware developed:

lLegst Squares Kirchhoff equation;
In P = 5, SUTRG-1L4A14 9/ THD STEG26 In T {2}

Eq ? yielded & atandard deviation of 1n P
of 40,0107, and an RMS error of the preasures
themselves of 1,078, and yielded Taeh091.6 R
Bt Pp=Z378,2 pala. HNoting the 14 R dis.
crepangy in T., 1t 13 evident, that thls
3-tarm equation cannot fit these dati, cone
sldering the wide tesmperature range they
cover, A2 closely &5 vould he desired,
However, if only a 3I-term equation i3 pre-
ferred and full closeness of it 15 nhot res
guired, &g ? cowld be suitable, and simpler
than using mora terms.

Pour-term Least Squares eguation:
1n P = 3.40357-1540),1/T41.05045 1n T (3)

-7,382760 x 1[}'5'11':"5

Eg 3 yielded & atandard deviation of ln P
of 0,008%, Bnd an BMS error of the P valuss
of 0,432, and yielded T.=hl10h.,5 R, Eq 3
was e3tahlished by applying an equaticn of
this form to the 34 pointa with values of
the sxponant ¢f the la=t term varying rrom
1l te 5 in Increments of Q.5 and with the
added constraint of pas@ing through 8 Bet
Tp from LIC3 te 3107, alac in Increments of
0.5, at the established P, of 2378.2 psta.
Eq 3, then, has the exponent of the last
term that best fita the 3% points and
aimultanecusly yielda T.=410%.5 R, which

of pcourze in sdagustaly closs to the Be-

r ]

laected 4105.% R far 2)11 purpoaes. Actuslly,
decreasing the 3¢t Tp alightly Hecreaaes
ths % totml erpor further, to a minimum of
O.U77E at T, = 4104,0, the optimom exponent
fapaining ai 1,5. It would Beem that eq 3
bezt combines a f1t of all the data pointe
while walphting the impartant critical
reglon,

Preasures saleulated by the above
equations 1-3 at the experimental tenpera-
tores of the ageepted suberitical fumx have
been added in Tahle XTI for comparison. IEg 3
im zeen to cnly once (point B-12% depart by
over 1% from an experimental point, apd most
caleulated velues are within several fenths
g It thus seems appropriate for all por-
poees to employ values salculated by eo 3,
and not to compane calculiated wva expeErl-.
mental groups by temperature regfons twr
obtaln slight additlonal corrections for
ag 3, Table TII has been prepaced [rom,
egq 3 for comveniant interpalation.,

COMPARISON WITH LITFRATURE VALUED

BowIlay {18) developed a refTuxing
apparatus superficlally simllar tg that:
uzad In this wark, in that 1t emplopsd
bagicaily the ssme compooents,, HoWever,
tha capsula (1.s. pressura tuba)} wes much
larger, Q.7 in, IL, In addition, pains
wers taksn to make 1t almost Isothermal over.
its full length of 12 ina., witlr a 8light
temperature decrease of gome 1 to 4 £ golng
from bottcm to top, The cruclal difference
was that egch vipér pressure point was ob—
talned at a constant level, witn the capsnle
only partially £111led and the potessium
slowly vapoplzing from the 11lquid pool, cone
densing higher uopr, and refluxding, Fre=zourk
was measured throogh tha 1rquid phase, =
bottom comestlon was regeired, The top
canter thermoeguple was talken a3 glving the
saturation tamperaturs for the chaspyved
Llauid presaure, Thiyv aquipment was
evidently ecarsfully congtructed bout would
2eem 1o have had pogsible scurees of error
in the substantial wvapor and Idquid volumes
in the large sapsule, whicsh might ordgirmts
or ghscure zlgnificant temperatuce veriz--
tionz, including colder spote In the wall of
the vapor space, which might dscrease the
genarated prassure, Howaver, Bawlem! pe-
sulte, which reach to about 200 7 and 340
el balow the apitical point, agree within
about 0,.5% with the present reoults, as
geen in Plg 6 and Tavle IV, Thos, we
recoginize that he must heve achlaved so
uniform a tempsratura, or in Fact s come
slatent a low negative temperatures gradient
to the tep, that hia rmesuita agpres with ourps,
which axtrapolate to zero aoctive volume,
Thls &greament reinfopces the valldity of
gur prespurs tube method and resolts, as
well &8 of his own experimental care and
resulta,

Preylend end Hensel {19 employed
a method apmewhat slmllar to Bowles, but
with a amaller, thin-walled papeule, 26 Mm
%all and 6,85 mm in ID. They &lsp utilized
the capsula to determine electrical reslsti-~
vity of the liquid K, and from the electplcal
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TABLE TIT

. INTERFOLATION TABLE FOR VAPOR FRESSURE OF FOTASSIUM FROM Z000 R TO THE CRITICAL FOLHT

1n P = 3,40397 - 25801,1/T + 1.05145 1n T - 2,38226 x 10~%p3-5

{F 1n bs/sg in.absy T in degrees R}
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registance to verily that vapor phaze was
present in a vapor pressure determination,
Thalr tegts chowing & subateantilal conEtancy

of the temperature at the top of the capaule -

while refluxing Isobmpically at differsnt
rates peemed to confiim the merit, in the
bolling method, of measuring condensing
rather than bholling surfage temperature,
Howaver, thay =zelsgted as the critlesl
point a condition of Lnstability ln the
rell, whish, a2z showm in Fig 5, is about
150 F and 70 psi too low, and, in ract,
reéther far from the vapor pressube surys,
Furthermore, their vapor preassapre data,
as fean in Figh,t have 4 highsr zlope than
oura, sgresing with sg 3 at approximately
28560 R and ranging from lower halow that
temperature up to 9.4% high at 3955 R,
their puppoged Te.,

It would seexm that the main trouble
1 that with a wide wveptiesl cell and a
nagﬂti:ﬂ tempeiagugefgradiﬁnt, igitagilityt
iz to be expecte ef' e e critical poln
i r&ﬂchBE:Egﬁﬂ_Euwlea probably did not
ensounter 1t beécause hils maximupn temperature
was somewhat lower and hlz temperature
gradient and L/D ratis ruch amaller, It
also aeems probable that Prevland and Hensel
at thelr higher temperatures would net have
abzaryed az good constancy of thelir con-
dansing temperatura with change of capeule
tepperature gradient am they did in the= run
reported at 23 bars (19), For a given
capsule overall AT, the boil-up rate would
no doubt Increase with P {20}, and very
probably the condensing £1Im AT would ine-
creaape, &nd the surfacs temperaturs would
haye to Jecpepne, Prassnee of any nons
condenzible gan would have a simllar effect,
These affssts are both in the direction of
the hain diacrepancy 1n thelr vaporT pressere
data, In parficular, 1t may be that acourate
erltical property determinations cannot be
dependably carried out in ecapaules with
finlte wvolumes of both liquld and vapor
phage, and that extrapolation to the oone
ditien of & mingle phase, only locelly at
the ecriticel polnt, &3 mede use of in tha
"preseure tube” method here employed for
Pp and T, &nd epproximately in the "tjilt.
ing capsule” methed fer p, and Tp (21),
is prefsrahlas,

Among the prior atedies ol the vapor
ensyure of potaseium, that of BEeing et al
?52} was the most complete and reached the

hlghest temperature, 2836 R, Table IV
shows that agreement with his eguation is
obtained at abeut 3300 K, hiz pressure
being ecme Z.T7% high at boco m, 1t 1is
therefore undesirable to extrapolate hia
Rivchhoff-type eguation beyond aome 3200 R,

TAHLE IV

' COMPARISON OF CORRELATIONS FOR VAPOR

PRESSURE OF POTASSIUM {FSIA)

°R B Bowles (18) Puwing et 51{22
EIIEE L] . -l L]
2800 353'.71 364 4 358,50
3200 ?gg.'?j T4 .60 f??a.n]
ﬁﬂ 1368.29 137274 138576

00 2146,95 21485.15 2203.75)

Thesa equations In psia end R are:
Bowles: 1n P = 21,13050-15945,3,/T-1,02160

In T
Ewing et al: 1In ¥.= 16,82326.18732,22/°T
’ - 0.53560 1n T

THERMODYNAMYC CONSTSTENCY.

As an ipdependent verification off the
internz]l con2iste=ncy Oof the vapor pressure
data, the "Third Law" check was applied(23),
The heat of vaporization of the monomer aft

absolute rers waa computed for gach measured
gaturation point, The equation employed 1s:

( AHD), = -RT In pls-'![{ (“g - “E) E-s.';'.g}{nl
T

o (h%-h:)l .,.;I'H
T
where by, = -1+ filIFB +1

2K

(5)

The yvapor dimerization equilibrium
congtant ¥ was obtained from Stull and
Sinke [24) and the snthalpy and entropy
functicns from the formulas fop CFET} Heed
by Ewing et al [25), The gvarage { Al:)y
was 22,267 Koal/g atom, some 2% higher than
21.7 as cAaleulatsd from low temperatura
meagurements (26), In addition, there i
a slight ateagdy degrease in { AHZ)y of 1%
over the whole pange of 2700 to ﬁlﬂﬂ R,
with a stanpdard deviation of 0.6% of the
poilnta From the hest atreight line, Accords
ingly, thesa vapor praszsors vailuss aps wyall
corroborated by thiz standard test.

Due to the uneertainties in the re-
quired extrapolationa of the several
thermodynanie Munctiong to these consider-
&bty higher temperatures, 1t wag also de-
cided to determine the average Cp, L which
would ellminate Ehe medest trend with tem—
psrature of { AHgly, It was found thgt a
cg,& af 0,213 yielxﬁd an averzge {AHG)
23.816 Kecal/e atom with a atandard dav
of 0.17%. Leaving out the 7 lowest tem.
perature points, with presomebhly the leaat
Bceupaey in vapor pressure, the average ..

{ AR5 )y becomsa 23,835 over the range of
3200 to 4100 R, with & standard deviatlon
of enly 0.05€, 1f theze vapoer prezszure
data ara acconrded greater accurgey than the

extrapolation ur.cp 1* It would be concluded
. ¥
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t1ion

360




.6 Hfelse Bourdon Tube Co,, MNewton,
Connh., type CH. 16 in, dismeter 3000 psi
test gauge,

7 [lonsclideted Electrodynamica Corp.,
Monrovle, Calif, Type Y4-326-0008, corro—
aion-reslietant high range prezsure trans.

that a constant vdlue of 0.213 ealfg dep K
“ar Cp, 1 15 preferahle o Lhe funcitlon of
'dn Eﬁiz high temperature range, even
hough the { AHE)vy obtained 15 some 104
highar than reported by Evans et al (26],

HOMENCLATURE ducen {85000 peil,
Ean Fernands Labharatorles
CP L €, of saturated liguid, cal/g K Facolma, Calif,, ruelear grade VD Eungsten.

T’ Eﬁuilihrium temperatore corresponding
ta P, deg Rk = SO, T+F

(AHZ}y Standard heat of vaporization of
potassjum monomsr at O R, cal/g
atom

K Eﬁ:i}ibrium constant of dimarization,

atm-

Pg,p'?apar preassure of aaturated liguid,atm

Partial presauvre of mongiperic potas-

sium, atm

(h3) Enthalpy at standerd state, BIT/Ib

O Hoke, Ime., Crasskill, M.J1,,
10,000 pai hydraulic valve model 3514 FEE,

10 Jardrery Pellowes Corp,, 5.5. bellows,
2 in, agtive Jength x I.002 in, O, 3300
psl rating,

11 Hoskins Mfg, Co,, Detrolt, Mich.

17 Morton Compyny. Refractordas My, ,
¥Worcester, Mass., Mapnorite {used crushable
insulator tubes (G0, 40% Mgl minimum}.

13 Llarrain, 4, and Bonilla, C.F.,
"rono-Conduction Errors in Tharmocouples "
Kuclear Engineering and Design, Yol. B,
DD.201-2r2 IIQEEJ.ilsu: Eﬂ-iéSG-HE.

14 wWeston Instrument Co. Model
127980270600, 4-1/2 place, 0-200 mv digital
miliiveoltmetar,

15 OCsntorr Apaoclates, Tne,, Soneook,
2500 2 graphite tube furnace,

1 Halmar Electronice, Inc., Colombus,
Ohio, Madel FAL-Z47S single phase controller.

17 Yerez, W.R,, "The Vapor Pressure
amd the Critical Point of Fotassium,” M. 5,
Thesia with {.F. Bonllla, Dept, of Chemleal
fnglneering and Appllad Chemistry, Schoal of

Azsiskance by peasarch stodents J, Bnginegring and Applisd Science, Coclumbia
Larrain, L, Breltstedn, and J.-W. Chung Univaralty, 1977. Also: CO0=32027-0..
ef the Liguld Metils Research Laboratory, 19 Bowlea, K,.J,, NASBA Technica) Hote
serviees by F. Antezana, F. Lech, and G. p-4535, "Yapor Pressure of Potacsium to
Trost of the Department of Chemleal Erglneer- 2170 K" [1968),
lng, &and cooperation by R,D, Brasks of the 19 Freyiand, ¥.F. and Henzel, F.,
Muclear Systems Programz, Space Divizion, "The Vapor Pressurs Curve of Ligquid Potasafum

F1g

[#]
5P Entropy at stendard state , BTU/1b R
R fas gonstamt
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