Daie:

MLM-517

MLM-917

DETERMINATION OF THE YAPOR PRESSURE OF
LANTHANUM FLDORIDE

{Information RBeport)
BY
B. 0. ETONE

This document 15
PUBLICLY RELEASABLE

C M Davewpe-f/05TE
da!
Date: g 3 16 /0F

Fehrmary 3, 1984

1 MASTER



MLM-917

DISTRIBUTION

1. Farrcll A, Aochwazit

2. N N T. Samaras

3. J. J. Burbage

4. E. A. Staniforth

5 D 8 Anthony

8. J. F. Elchelberger

T. D L. Bootd

8. J. V. Herd

9. F. €. Head, Jr.

iw. E. oOrban

11. E. 5. Spoerl

12. 0. L. Timma

13. J. W FEright

14. &, Y. Beott, Patent Bramch, Oak Ridge

13. E. Kasschau, O0ffice Res. and Med., Gak BRidge
1€¢. F. R. Dowling, Office Prod. amd Eng., Oak Ridee
17. ¥. #. Robarsom, Araa Manager, A.E. 0., Dayitom. Ohio
13. Ceniral Files

1%, Cemtral Files

28, Ceairel Files

zl. Captral Flies

Issued:  APR 7 1954



MLM-317 3

ABSTRACT

fralimicary exgaciments have been matde to determine the vapor pressure of
lanthenum fluorids between 0. 001 and 0.1 millimater aof Bexenry by moans of the
fnudaen sffusion wethod. A tantalum cell for this purpose is described. Only
preliminary results were obtained and they were all in a relatively high-
prassure fegion. However, a plot of the vapor presanre againat the reciprocal
of absnlute temperatdre approximates & straight line such az would be predict-
ed from theoretical considerstions.

INTRODUCTION

The Knudsen effusion methodl is probably the most reliable method for determining the
vapor pressure of sollds or liquide in the pressure rapnge of 10-* fo 10~ millimetsrs of
marcury. In this method vapor flows throwgh am orifice inte a hlgh vacoum from a space where
it ia in epuilibriom with & solid or liquid at some given temperature. The orifice diameter
tmist be o larger than the mean free path of the molegules of the substence at thils pressure
and the orifice walls must have no appreciable thichness. Under these copditlons the rate of
flow depends upon the pressure difference betweesn the inside of the Kowdsen cell and the
gaterta]l vacuum chamber, the dimspsions of the orifice. and the density of the gas. It can be
shown from the kinetic ges theory thet the rate of effusicn of a ges into a vacuum from an
apertura of negligible wall thickness is related to fhe pressure by the expression:

omftl Y
p = H(T) {1)
whare:

£ = vapor pressure

¥ = weleht of materdal effusing per unit orifice ares per unit time

T = absolute tomperatire

¥ = molecular weisht of gas

Thius a determioation of the smount of materlal effusing through an grifice of known area

during a given time interval at a given constant tewperature will yield gll of the pecessery
data for the ecalculation of the vapor prezsure of the material at that temperature.

EQUIPEENT

The effugion calls used in these experiments were wade from tantalum cylinders jh-inch
in diameter and %—inch high. A zheet of 0.005-inch tantziom was spot-welded on the top of

the ¢¥lioder end a hole of the desired size was drilled in the cepter of this top. The bottom

consisted of a tantalun slug desigmed to bhave a soug press-fit ic the bottom of the cylinder,
& salt, the vapor pressure of which was to be measured, was put into the cell apd the slug
was presged into place in the hottom of the cell, After initial heating, the slug formed a
tight joint with the crlinder walls and no appraciable leakage was observed during the
experiments.

The vacuum syatem was the pame a3 that described in & previous repori.® The otily modi-
fications were sn optically-plane glass at the top of the vacuum chamker to permit observa-
tion with the optical pyrometer and a molybdenun wire attached to the bottom cold finger to
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kold the cell in the indoction coil. The cell was suspended from this molyhdenum wirve by a
wire hapdle welded ontoc the cell.

Temperatures were measured by means of a Leeds and Northrup optical pyrometer. It was
sighted throuszh the optically-plane glass by reflection from a front-aurface wirror. This
arrangament resulted in absorstion losses caused by only one thickness of glass. The
temperatore reedines wete corrected for emissivity aceording to the equation®

) 1
—=—ln ey +— 2
roc, T (&)

where
T = porrected absolute tempersture
h = averape wave length of light nsed
€, = emigsivity of tantalum metal
T, = apparent absolute temperature
(o = konwn constant

Bubstituting kocwn valdes, squation (2} becobes

1 i o (3)
= 0.0832x 10

r r

: §
for tantalem, Using equation (3), a graph showing corrected tamperaturs z8 & function of
zpparent tempareture was constructed and the corrected temperature was read from this graph

for each observed tewmperzture.

EXPERINENTAL

The lanthanym fluoride wsed in these experimenis was preparad by the method of Salutsky
and Stitea+ frow lanthabum cxjde obtained from the Lindsay Chemical Compeny. The experimental
sagaence conmisted of Filling the cell with 0.6 to 0.5-gram of lanthanum fluoride. pressing
in the bottom slug, evacuating ib the system to less than 1 ¥ 1004 millimeters of mercury
and heating the sample to about 1,000°C. The cell and contentz were removed from the system
amd weighed. The cnll was replaced ih tha vacuum system. the system evacuated apd the call
heated to the temperzture desired. It was held at this temperature for a msesured length of
time, allowed to cool in A helium atmozphere, removed, and weighed.

RESULTS
The results of these experiments are tabulatad in Table I eod are plotted in Fleure 1.

The project was suspended after preliminary experiments had been.made. consequently
these experiments were rough ones designed to determine the optimom size of hole. Mo
correction wae made for svaporation during heating and cooling of the cell. These gorrec-
tinns would have been oede on more preciae data,. but 1t 18 believed that such errors are
small.



FLM-817 5

TABLE |

YAPORIZATION OF LANTHAMUM FLUGRIDE FROM CELLS
WITH VARIOUS ORIFICE SIZES

T ORIFICE ARER LOSS RATE F
(%K} fem®} fgica2jeec) fax)
1678 0.002162 20403 x iQrd 01024
1am 0.002182 1,5122 % 10r2 0,7903
1948 O.002162 09,3494 ¥ 101 50.57
1713 G007 20 1.06246 x 19-3 09954
1833 0.007204 6 1674 % 1002 3 238
1933 0007304 2.0426 ¥ 1l 11 G4
1713 0.01533 9. 569 x 104 0 0485
1823 3.01538 7.8541 x 1gr4d 0.0
1928 G.01538 7.431 ¥ 1rE 3,998
1823 0.01861 2902 x 1o+ 0.01413
1808 0. 01861 3.318 x I8 0. 172096+
1508 LU L 1242 w2 KN -rr
1713 0.03992 1.3268 » i03® 0.0653

*KENDWM TO BE !N ERROR DUE TO CLOGGING OF ORIF|CE DUR!NG EXPERIMENT AND NOT SHOWN DM FIGURE I

It iz apparent that the yapor pressures are high because the work was dobe in a high-
tenperators racge. The temperature region was chosen so that a welghable less would ocour in
a reasonably short tiee, for example, in about fifteer minrutes. It is now apparent that mach
longer heating cycles must be used in order to obtalp pressures in the raoge in which this
method is valid. It is estimeted that & heating cycle of about five hours would be necessary
in order to obtain a weighable loss if the vapor pressurs were 0,001 millimeiesr of mercury.

A sipplified expression for the axpectesd vapor pressure-temperature vartstion may ba
derived from theoraticgl considerations. 5 The Clansins-Clapayron eguation is

die ¢ AF
s p a8l (4]
dT R
where the assnmpticns have been wmade that the gas is a perfect gas and that the apecific
volume of the gas is large compared with that of the copdensed phase. Eguaticn (4} can he
integrated to yield
Inp = 4+ Constant {5}

AT

if the azsumptions are made that AC ., the difference batwaen the heat rspacities of the pas
and ths condensed phase. iz very small end that AKX, the latemt heat of evaporation or
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sublimaiion. 1s constent over the temperature range being investisated. This latter assump~
ticn 15 valid anly for fairly narrov temperature ranges, bot the error is sufficiently small
s that it has been conaidered negiigible by other workers, ¢ Bouation (5} is of the form

=4
log ¢ = ?-1- Fi {8}

and ia the theoretical justification for the smpirical equation (6) which has been foumd to
hold for moat vapor pressure temperature relationships, It may be sean from eguation (6) that
a plot of log # vs -j-should yield & straight line. Even though the data are rough and. in
genergl, are not in the valid preasure range. it mey be seen from Figure 1 that they rovebly
plot B straight line.
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