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ABSTRACT

‘The vapor preasure of CaFZ'wa,ss investigatec’i in the tempéram?e range
1400 to 18650°K by the torsioh-effusion rzethod, Molecular-sireaming condi-
tions were demonstrated to break down when the mean free path bocame about '
as vhort as the orifice diameceter, but a dependence on orifice channel length
was oboexved, The vaper proccure {(ia a.f;maspheres). of (S-Gn;‘?z iy given by
the equation

log P = ~19,973/7 + 7.6717

in the expe rimer'zta.l raage., Exniropolation '};ié}lds a calculated normal bolling
potnt of 2786%K and 2 heat of sublimatioz a¢ 298°K of 1012 heal by e Erirce

law method and 101.4 keal by the sccond-low method,
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| vepor pressure can be« caleulated by micans of the formula ¥ = 200/ Zqai},
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. ‘m OR PR wawm AND HEAT OF SUBLIMATION
; .~ OF CALCIUM FLUORIDE b

David A, Schulz and Alan W, S‘aearcy _

Liawrence Ra.cii' thon Laboratory and

S - Department of Mineral Techuology

i Univers*ty of Cal xfoz: a,, ;Surkcley._caiifoz'ma

' . March 299 1962 .
iN';s.f}-Romj_c;Tz@N

Thc' only vapor-pressure measurcme*&' hat have been ,.,va-.zl.a,ble for

calcmm ﬂucr‘ae were obtamed by Ruff and Le Boucher by use of a dynamic

_ mathod, > ”wa cthod entailed «msea vation of the tempereture at which a
It ' :

su.bs-tan e bcgns to boil when un@pr an experimentally fized ambient pressure

and could be *pphcd only for determination of vapor pressures of ligulds,

: ' - Y,
- The lowest temperature of measurement by Ruff and Lo Doucher was 2086 K,

It scemed desirable to measure the vaper pressure of CaF, at lower

temperatures in order to check the reported preesures and cbiain a value for

. the heat of sublimation 2 9" °K from datz that z required leas extrapolation,
' ' | -

The torsion-cifusion met thod was appiied in the research reported hove,

EXPERIMENTA L PROCEDURE
In the torsion-cffusion method, an ofiusion cell 10 swascudad ia a vaouws
furnace by a2 fine wire, Upon heating, vapor cacapes through eccentrically

placed orifices in the cell, thereby exerting o torsional force on the wire., The

~angle through which the cell is turned is measured, and from this angie the

)

where P is the vapor preésaxed D is the torcion constant of the wire, g is the

perpendicular distance from the cell ceator to the axls of the eliusion hcle, .
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magnetic repulcion of the torsion assembly by the alternatiag field of the

“2e S s.rcm.. 10141

¢

a is the airea ofz’ the oufx,ce, f is the foz*ce-rem..f.uon factor due to fmif:e

cnﬂce -ckatmel lenﬂth aﬂd <§> is t.he a.nale 'chrough v:‘uch the cell has rotated,

2

Vamcazs fo £ have becn m!mlatec, b 7 )“"mcman a.nd u@arcy, 6 Detiov, 7 and

’

. 0
'

For ﬁms research the au.»penomn tvxrcad was 17 m. o:. Z-zm1-mam. tungsten

i

ﬁvirez.f Components of thc effuczou call «,ml cell blacl" were of Nagional Carbon -

AUGC prcnm;.m graphzi.e. E‘our cl’mmbez'rs with axes 7/16 iz’x. fzom the center

of mc cell. block wera d; ﬂlcd. into tibc suk, of the block two e*«xch On OpPOSELingG

faces:e 'E‘wo loaded effusio*x ¢ells with eifusion orifices ormmeq to yield’

.

additive torques were fitted 4nto two of tha four c.namnerc of the cell. bloclk,
B Erapty ccils were fitted into the other two cbambea's. Tn other runs the po .ax'aona

_of the effusion cells and of the cwply celle were reversed in order to cvaluate

and subtract the influence of a residual torque that resulted from electro-

%

9

£@:2‘§ce element,” - S o .' . -

| The calcium fuoride uced in this work wos su ppiied by Sz, i€, - Relley
of the U, 8, Bureau of Mines and was from the same lot as that on which
Na*;riox" pe-rformed lwaf;-sc'ntcrxt c::perua ntL, 3

Two seta of lids weve used, One set vad orifices t?h.t were /15 in. in

*

diameter a.nd 1/ 3'2 in, thick, awnd theo eirer had orifices /4 ino i diamoien

5

and 3/32 W thscké The c:en blogls, cincibles, and lide were degassed ot -

«

1909°¢, -Eamples were heated in cells whose lids CO"“Zc.E‘i}ud no hisleg, in

ocrdzr to check for torque produced by sample l.eaicage', None was found,
. - ) P

Da ailypicel rum, about } g of calecium fluoride was loaded into exch of dao

two effusion cells, Covers were placed ¢ver the aporiurces in the cells, anid

the cells were ghen fitted inte the sclected pair of holes in the ccll Block,

B R I T e e LR P S P - L o L e



- in a previous paper,

Counter cella, con&aﬁmﬂg no édample, were p?.acaﬁ in the xem.&ining paiy gf .

*

holes, -ln "na,king a rug, tne pow@ I’w“s turned on and graaaally ral 1xacc1 whzl;e

the ambieat pressure was IGCf kelew 53 A 107 n‘n*z, “"xt?,l ‘“‘ie.cf;mn of about

} radian wae noted on the circular scale, Tbe_cen wag allowed to rermain

- at this power setﬁing for about ax hour; *then the deflection and temperamre
'wc-re re..ordec?.. The €ampc;am ‘e was Lowered in st °ps of 10 to. 26° G, and

. al}owed to equiubrate a2t cach tempe amm for 20 gmm Deflection and temp-

'atm.re readmgs,.were eaken. the tempcz:amfe was ag..,.n lowerod 10 to 20 C

'md the procedure repe.a.tcc’t unf.xi the deﬂec LRom Lacam@ ioo email to measure,

Afi:e?: ma system had reached rcomm tempg "a*u ’<.. i.he Zero-point p@sz@*om wa

¢ : .
" To obtain corrections for the residual daflection, runs weres made in

which e éffusion holes were placed %o reverse the direction of torgue,  With

this arrangement, the residuel deflection became cubtmc‘ei:ve-. The two -

orientations of effusion holes yiclded paivs of daving deflection va 1/T curves,

" very close topether at high pressures and porting at lower ones,  Smaoth

cz_zrvcs were drawn through beth nots of poiats, - Fox every date peint i coch
get, an irsothermﬁi lne was drawn interocsting the smosthod curve through e
otaex set, Tke data poims of eczeh curve ware then averaged with ihe inturerais
of the amoothed curve with the other ecrve to obtaln corrost-d daficetions,

These correcwd ceflections weve then converted inte pressures, Theso

premu:ces. corrected fO:. i'.hcarmu,z e::p cion of the cell poramstevs, cra

‘shown i Table I and Fig. 1,

A zaore detailed description of the apparatus and teclriguns is givon

Ty



entropi es of aublimation can be calcula 'I. and a and b arve the consianis in

]

.‘ - L o A. -fi- _ e -'  uCRh- 0i4l
.0 RESULTS AND DISCUSSION

:Smdie;‘a onlo#&-pfeammé.,gas.flow havé: &enionstra‘ted ,that .the molecular

flow Gcm tions bcc ine mazspﬁacab{c WHRon mre mcan free path of the vapor approxi-
matﬁlgr equal & the diamocter of a&ie effusion orifice, Table E. therefore, shows
for ca.r“h meacuremem: the ca&cul u.wd ratios )\/c.. of the raean {ree path to the

average orifice dizune@er in auidif:ion to the preasure and the third-law value of

.

the keat of sublimation at 298°K, . Orifice dimensions for cach cell are listed in
- Table Il,” These ratios were calculated by using the hord-sphere approximation,

with the moleculardiameter of -Cia?é‘z taken ag 7.4 A, the swm of ionic diameter

. at room tem craﬁ“"“ The numerical values of v/ d caleulated by thic aoproxi-
£ . ¥ ; o

mation cannot be quantitatively correct, but they arc satisfactory for internal

comparizons,
In Fig, L, c:’rcicm indicate those pelints with caleculated 1 /d ratios less than

unity; those with v:ai’.ics brc‘,,f;cr than mzity are shown ag dots, The solid line of

the grap‘. ¢ calculated from heats of sublination obtained from the Low-tempera

ture data, - As can be secn frox: this graph, when the larger orifice was vocd,

Pl

molecular dow provailed to just the temperature for which \/4 is calenlate to

be mzit:;r., When the smaelley orifice was woed, moleculor fow prevailed do o

’

- tempc rature for ‘,m:za 2/ d is calcuivted to Lm about 0.3,

For f‘-- a¥, 2 E:AO VapoT pressnro in atmnsolheres is given by the ermzeution

log P = -19.f973/',5(' + 7,8?17’, The heat of sublinntion of Q»G&Sﬁ"? at 203YK wao

calculated frrom the lower-temperature data for ¢ ch orifice. by beth the eocouds

iaw {sigma-plot) moethod and the third-~-law imethoed, For the sigma-plot mella

the eguation . . 50
C%C.ém; Q: . . ' K:’ﬁ&ii

) 2= fﬂmp +AAIn T +1/248LT = e 4 1

was used, lln this equai:ion AHOE and I are counstanto from which the heat and

e
I

-
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ere read (o the nearest 0 601 zadian and ther cfore contribute ponsikie

eryroxs of 0,1% at the higher defléctions and 10% for 0,01 radian deficctions,

Pyregsure er rr"o*s .3} 20U & then Vaf.y from & to 2%, depending upon the map-

i :cde of ?}*e ccﬁﬂcctlgn. B?.:ic:l Rw«body Ccnmhr 1 for temperanure mcauurmncm

.

Wwere 'es-:ta’bliﬁhr: by use.of several holes of varied depihe, Mo dependence
of i..urea terape ratere on hcic depah wag for und, The Nationzl Dureau of

Sta &arc.,a ca vtifies the corrected *é:ab‘o of to mporatures for the pyrometer

-
-

13 ' o - o, . '
uscd to.be accurate to within £3° in the e ?pm”‘iu "G a‘:mﬂa investigoted, An

‘. . ‘O--' . . s e L
crror of about 3" arises from the probis em of motehin g

-

mr;?.g,htzmss in our

experiments, Since the % 3% calibration uncertainty arises lavgely from the

, . et o,
same p umzvm of 1 ,a.i;ci.«,mg brirhtaeoses, o tolal evvor of 57 in \,r:*rfmc sature

The pressure and toemperature exrpors could J‘eet efore a,;:.qune, Lo witePe

wvalae s oblained iz:c 0 lavge u::ﬂec’;mn aryd

2o AN ey Z PR 3 JP . £ - - Coy Forn g e d o
3,75 i velues Zrom smalliest dellegctions veed, Othor ervore (o Lo considered
LT . A .
. ¥ e I &1 N A o 8ol frpnsy » 'R PR PR
are tacas con .,M::.,w. in the frco-energy JSunciions, SLod arrors ore
Lt o d . 3 - o oy - e fewy & z T % 4 ¥ . R PPTY
taen intd> account, o grocs uncerfointy of 1 keed io gstimaled fov oo bool
£ e Tat S ey " o xrnCles
of subdimaiion ot 29875,
. e e « T L emn gl .
Feomn the third-iow average vedue AT ., = 10274 1.0, (e
: f 235 -
i
£ f s - $out 4i§ e PRy P S P S «.- . wa T Y Tre o M
skl :\w‘i. on @l ,.;-»Cuw PR rmeliing polot O cotewdated o Yo 30,01 ool
wion P 5 e tew B 2 T ooreedad - i R wed T H T i o
Ex=g *a.woie,,fm;z with heat-capacity detn £ v hoe Mauld and gos yiolde celenlated
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Cin drig, 1, the liguid press».r; curve calevioicd fromn the hird-lans Jatn i

s e
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The low.ﬁtv mporature data'ciatrapoleted over 300 C from below the racliing
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point yleld prcsaﬂre V«:,.l.ﬁ@m higher by loss than 10% than thoce of Ruff and

In these celeculntions it is assumed that Sal . fz) was the vaporizing
'spé;é‘,z’.es.‘ "‘"hc only gascous caleivm fleoride ;mlm.,hé yet ohoerved spec«
troscopically is Ca¥{g). " Howevel, &'«k.eémedynamic calculations show that
the total presm\zre to be o:' ected from the reaction CaF Jli) - ."Fﬁ g + f:‘émb
wanld i:sca at '.E,east several ordere of magnituds below the obeerved pressures,

A

Salowlat n:'w ejsa dem el t ate that diszociction to clermental calcium and

fyonrine gas is negligible, Hammer found magnesivm Guoride vapor to have

% 2 T . ¥ 4 3.6 P .o

the moleculor welght csi MgF, moneme: waoleonles, Coaleinm Quoride was
expected, therafore, to evopovate prircarily o Cal, mosomer molecules,

Thz encellent agreement Doty o 2xots of cubliunation caleula fca.d by the second-
and third-law methods and bei T ouy '*'*.r,u. anolated PrOszures and the maa-

sured pressurces of Ruff cmd L Doucher lend confidence o the conclusion that

-

he cerrect evaporatisn reaction has been chosen,
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3 00,07984
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i . .
This report was prepdred as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

s

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this

o : report, or that the use of any information, appa-

ratus, method,- or process disclosed in this report

may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ' :

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



