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1669°K. by the Knudsen technique.

Eqbuilibrium pressures for the reaction !/;Be;C(s) = Be(g) + 1/.C(s) were measured in the temperature range 1430-
The dissociation pressure in this temperature range is given by the equation log

P(atm.) = 7.026 = 0.347 — (19,720 == 537)/T. The heat and free energy of formation of beryllium carbide were derived
from the above equation in combination with the literature vapor pressure data for solid beryllium.

Introduction

Beryllium carbide is of potential interest in
atomic power applications because of its nuclear
properties; however, experimental thermodynamic
data concerning it are meager. Krikorian? esti-
mates heat, free energy and entropy of formation
of Be.C at 298°K. to be —13.0 =& 5 keal.,, —12.4 =
5keal., and —2.0 & 1.0 entropy units, respectively,
and Quirk® estimates —7.83 keal. for the free energy
of formation at 2400°K. However, the latter
quotes, for various temperatures, estimated vapor
or dissociation pressures of beryllium carbide!
which are equal to or greater than those of pure
liquid beryllium.*®8 These pressures are inconsist-
ent with a negative free energy of formation for a
compound having no stable gaseous carbide species.”
The absence of such species and the observation
that beryllium carbide loses beryllium preferen-
tially at elevated temperatures with deposition of
graphite® indicate that the carbide dissociates ac-
cording to the reaction

1/:Be;sC(s) = Be(g) + '/2C(s) (1)

Thus a determination of the dissociation pressure
as a function of temperature for this compound
would yield results which could be combined with
data on the vapor pressure of beryllium metal from
the literature to obtain the free energy and heat of
formation of the solid compound.

Experimental

Dissociation pressures were measured by the Knudsen
method and the experiments were performed in the vacuum
induction furnace illustrated in Fig. 1. The power source
was a 6 kilowatt arc-type high frequency converter. The
vacuum system was capable of maintaining residual gas
pressures in the range 10 5-10~% mm. during the major part
of each run following the initial warm-up. Knudsen cells
and orifice plates were turned from National Carbon Com-
pany ATZ grade graphite. Temperatures were read with a
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disappearing-filament type optical pyrometer by sighting
into gﬁa.cbbody holes in the bottom of the Knudsen cell,
through a prism and optical window. The instrument,
made by the Pyrometer Instrument Company of Bergen-
field, New Jersey, was calibrated against a secondary stand-
ard which consisted of a tungsten ribbon lamp for which
current versus temperature data had been obtained at the
National Bureau of Standards. The window and prism
correction was checked periodically. These corrections
did not change significantly during the investigation. The
over-all uncertainty in temperature measurements was esti-
mated to be about 10°.

A layer of beryllium carbide was formed on the interior
of the effusion cell prior to a group of experiments by heating
a few pellets of metallic beryllium in the apparatus to about
1400° for a few minutes and then removing the excess metal.
The carbide formed in this manner was hard, dense and ad-
herent to the graphite. Spectroscopic examination showed
only trace amounts of iron and silicon and X-ray diffraction
showed Be.C and no detectable amount of BeO. The in-
terior of the cell was inspected visually after each run to
ensure the presence of a large evaporating surface of beryl-
lium carbide throughout each experiment. The surface area
of the carbide layer was estimated to be at least 100 times
the orifice area in all cases.

Vapor effusing from the cell was condensed on the in-
terior of the quartz vacuum cell and no detectable deposit
was found on the glass below the level of the top of the
graphite cell. This observation showed that no error oc-
curred by virtue of diffusion of beryllium through the
graphite. It was found that the deposit adhered to the
glass if it were less than about 3 mg., otherwise there was a
tendency to flake off. Accordingly, variables were chosen
so as to obtain beryllium losses of about 1 mg. After the
run, the deposit was dissolved easily in a few cc. of dilute
HCI and the amount of beryllium determined by a spectro-
photometric method® with an estimated accuracy of 2-39,.

Results and Discussion
The vaporization data are summarized in Table
I. The pressure of beryllium was calculated by
use of the equation

P(atm) = 0.02254(m/at)(K)~ (T/M)":  (2)

where (m/at) is the rate of effusion in g./cm.%-sec-
ond, K is the Clausing orifice correction, and 7" and
M are the temperature in degrees Kelvin and the
atomic weight of beryllium, respectively. Results
of these calculations are listed in the last column of
Table I and also shown in Fig. 2.

A least squares treatment of the data yielded the
equation

log P(atm) = (7.026 =+ 0.347) — (19,720 = 537)/T (3)

the slope of which corresponds to a mean enthalpy

(8) M. E. Smith, “A Spectrophotometric Method for Determining
Small Amounts of Beryllium in Uranium' LA-1585, August, 1953,
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Fig. 2.—Dissociation pressure of Be.C.

change of 90.2 £ 2.5 keal. for reaction 1 in the tem-
perature range 1430-1669°K.

For the data to be used for calculation of ther-
modynamic quantities, the identity of the gaseous
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TaBLE I

Orifice  Claus-
Wt. loss area, ing
Be, mg. cm.? factor

1.60 0.0085 0.69
.50  .0085 .69
94 .0085 .69
00 .008 .69
83 .008 .69
50 .0085 .69

9660 2.80 .0324 .81

4200 0.45 .0270 .65
10,800 .45 .0085 .69
12,600 .95 .0270 .65
27,600 .29 .0270 .65
26,900 .33 .0270 .65
25,000 .14 .0085 .69
23,450 .09 .0085 .69

Expt.
no.

2 1669
1 1659
4 1647
3 1643
13 1628
11 1590
16 1580
12 1578
7 1536
6 1515
8 1446
14 1442
10 1424
9 1430

Time,
sec.

4680
4260
4500
6120
4980
6720

Temp.,
oK P (atm.)
SO Ot
.83 X 10~®
08 X 105
Bl 108
6 X 107"
80 X 10~¢
3 X 10°¢
18 X 10-¢
.08 X 10°°
.25 X 108
W2 0=
.00 X 1077
T2l Ongd
.86 X 1077

RN bW Woo 0o =

and condensed phases must be known and the exist-
ence of equilibrium between the solid and vapor
during the experiment must be shown. Chupka,
Berkowitz, Giese and Inghram showed in a mass
spectrometric study that Be(g) is the only impor-
tant gaseous species above Be,C at approximately
1900°K.” This was confirmed by an experiment
performed at 1580°K. in this Laboratory in which
the gross weight loss of a Knudsen cell was found
to be equal to the amount of beryllium in the sub-
limate. Solid solubility in beryllium carbide is as-
sumed to be negligible. The existence of equilib-
rium is shown by the non-dependence of measured
pressures on orifice area. Thus, equation 3 may be
used for thermodynamic calculations.

The standard free energy of formation of beryl-
lium carbide may be obtained by combining the
data for reaction 1 with data for the vapor pressure
of beryllium by the usual thermodynamic treat-
ment
2Br(g) + C(s) = BesC(s)
2Be(s) = 2Be(g)
2Be(s) + C(s) = Be,C(s)

AFY = 2(4.576T) log P (4)
AFO = 2(4.576T) log P° (5)
AFO =

9.152T(log P — log P?) (6)
The vapor pressure of solid beryllium is®

log P%atm.) = 6.186 + 1.454 X 1074 T — w,lﬁo—)

(7)
If equations 3 and 7 are substituted in (6) one ob-
tains for the free energy of formation of Be.C
AF(f) = (7.688 = 3.176)T —
1.331 X 103 T? — 27,328 (500) (8)
The heat of formation may be obtained from the ex-
pression
o(Ar/T) _ — AH®
oT TR R
which gives
AH(f) = 1.331 X 107372 — 27,328 (==5000)
The entropy of formation may be obtained from
the expression
AH = AFO 4 TAS°
At 1500°K., the approximate mid-point of the ex-

perimental temperature range, these equations give
—18.8 keal. for AFO(f), —24.3 keal. for AH(f) and
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—3.7 e.u. for AS°(f). For reactions in which re-
actants and products are solids entropy changes are
usually small, z.e., 1-2 e.u. per gram atom of con-
stituents. Thus the value found above indicates
that the magnitude and temperature dependence of
the pressures measured in this investigation are
consistent.

To obtain values of AF%g and AH%gs in the ab-
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sence of high temperature heat capacity data it is
assumed that AC}, for reaction 6 is zero and the ap-
proximate expression
AF(T) = AHyss — T(AS2s)

will be used together with Krikorian’s estimate of
AS%g(f). These assumptions lead to a value of
—21.8 £ 5.0 keal. for AH%gs, and —21.2 =+ 5.0 for
AF' 0293.







