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At present two basic methods -for the determination of equilibrium condl-

tions at high temperstures between liquid and solid phases are being applied:
Kurnakov's method of thermal analysis and the statistical method of chilling,

which is used for the investigation of silicate systems.

Kurnakov's method ylelds excellent results when the liquid phases crystal-
14ze without excessive undercooling. A Jow viscosity of the liquid on melting;- i,
a high heat conductivity, and high heats of phase transformations are tavorable ’
factors contributing to the successful use of the method of thermal analysis.

The statistical method of chilling, which is based on fixation of the liquid in
the form of & glass by rapid chilling, is used successfully on substances which
do not ‘crystallize easily. In some cases neither of these two methods can be

used effectively for a determination of the phase equilibrium.’ This referg to
hich are aggressive at high temperatures, 80

systems composed of substances W 0
that the system is contaminated due to the fact that the walls of the crucible

or the protective sheath of the thermocouple dissolve in the liquid. For the
same reason the method of chilling also cennot be used, an additional reason
‘being that the aggressive melts have a strong tendency to crystallize, so that
they do not form a glass even when chilled very repldly. '

* Tn an investigation of sulfide-silicate systems, we have uéed a method
based on capillary separation of the liquid phase (1). With the aid of this
method, even the most aggressive melts can be handled. The application of the
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method in question to severa: ve:y aggressive melts has been checked in the
course ‘of the work described at present. The proposed method can be used when-
ever a liquid which is in equilibrium with & solid phase wets the surface of

the latter and has a high fluldity.

Tc determine the equilibrium between several solid phases and a liquid, a
tablet consisting of a finely powdered, thoroughly homogenized mixture of the
golid phases 1s prepared first. This tablet is placed on a porous plate made
of one of the snlid phases psrticipating in the equilibrium. ~Upon heating of
the tablet, the liquid formed as & result of the interaction of the solid
phases soaks into the porous plate.

The temperature of formation of the liquid phase can be determined by
keeping the tablet on the plate for a long time and raisicg the temperature
gradually, then noting the temperature at which a spot formed by the liquid ap-
pears on the plate. The slower the heating is carried out, the higher will be
the precision of the determined temperature.

A determination of the composition of the ligquid in equilibrium cen be 5
made when no fewer than three components participate in the equilibrium. Let
us assume that the compositiocn of the liquid which is in equilibrium with the
solid phases A, B, C, snd D is to be determined. Then & tablet composed of A
B + C 4+ D and placed on a plate composed of A, to give an example, is heated at
a temperature slightly higher than that corresponding to the equilibrium. A
chemical analysis of the perous plate soaked in liquid will give the ratio of
B:C:D: in the liquid. Repeating the experiment with a porous plate consisting
of ancther sqlid phase, for instance B, we shall obtain the ratio A:C:D in the
same liquid. The two ratios determined in this manner give the complete compo-
sition A:B:C:D of the equilibrium liquid.

Figure 1 is & schematic drawing of the apparatus in which determinations
according to this method were carried out. The horizontal furnace 1 holds a
*long porcelain tube 2, the walls of which are impermeable to gas. The cold
ends of the tube are equipped with rubber sleeves 3 and are stoppered. The
protective sheath of the thermocouple 8 enters:}‘;ixhrough the stopper at the left.
The thermocouple and its sheath are placed high-"engggh to leave room for sup-~
port 4 holding the porous plate 5 and the tablet 6',. Support 4 is a refractory
cylinder cut along a plane parallel to the axis. The suppert can be easily
moved in and out of the tube by means of a hook. :The choice of the material
for the support does not present any difficultied, because the dimensions of
the porcus plate and of the tablet can be always held within such limits that
the liquid formed in melting does not soak completely through the porous plate.

Usually the support 4 was mage of chamotte. The thermocouple Pt—Pt/Rh
could be moved in the protective sheath and its hot connection 7 was placed
above the tablet. By moving the thermocouple, the hottest spot in tube 2 could
be determined. The tsblet was placed in that spot. Glass tube 9 passes through
the stopper at the right end. This tube is closed by a plane-parallel glass
plate affixed to the end of the tube with an adhesive. The correctness of the
tablet's position can be checked by looking through the glass plate. Before
starting to heat the furnace, nitrogen was blown through tube 2, Passage of a
slow current of nitrogen (0.5 liter per hour) was continued during the experi-
ment. On drying and absorption of COp, the nitrogen was freed from admixtures )
of oxygen by passing it through ccpper [f"iling57 at 450-500° C and through a
sodium-potassium alloy at 150-1800 C. On leaving the tube, the nitrogen vas
passed through a Tishchenko flask filled with sulfuric acid, which resulted in
8 nitrogen pressure in the apparatus higher than the atmospheric. Tube 2 could
. : be moved out of the apparatus without interrupting the flow of nitrogen, so
3 that the tablet could be cooled rapidly.
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al pariiicmtion of the nitrogen, complete absence
amall quantitlies of oxygen
+he sealing of the latter was
could be established by plac-
plate often became tinted &8 &

Notwithstanding the c=yet
of oxygen in the apparatus could not he schieved:
diffused into the apparatus due to the fact that
not completely hermetic. The presence of axygen
ing & shiny iron plate into the apparatus: this
result of oxidatioun.

The accuracy of the thermocouple was checked by determining the melting
points of Cu, KpS0y, and NapSO), under the same conditions under which the tab- .

let was heated.

e new method, the eutectic poirt of Si0p 4+

. FeoSiOL4+ Fe was determined., This eutectic point hed already been determined
by Bowen (2) by using the chilling method. The tablet was formed of chemically
pure iron reduced with nitrogen, FepSiQ) prepared in an iron crucible, and
amorphous Si0p calcined at 1100° C. These ingredien%s vere thoroughly powdered
and mixed and then formed into a teblet wnder addition of a smell quentity of
alcohol., To determine the eutectic point, the resulting tablet was heated on a

porous plate prepared by sintering 810, at 13000 C.

For the purpose of checking th

Formation of liquid in the tablet is clearly seen, because & greenish spot
appears on the porous plate at the point of contact with the tablet and gradu-
ally spreads on the porous plate. Varying the composition of the tablet, one
determines the lowest temperature at which a spot forms. The upper curve of
Figure 2 shows the dependence of the temperature of appearance of the spot on
the composition of the tablet. The content of metallic iron was kept constant

at 19%.

The temperature curve exhibits & minimum at & composition of the tablet
corresponding to the eutectic liquid. The minimum temperature on this curve
corresponds to the eutectic point (11837 ¢), a result which agrees very well
with the eutectic point of 1178° C found by Eowen according to the method of
¢chilling. When & tablet the composition of which differs considerably from the

eutectic ig heated, formation of the spot occurs at temperatures considerably

exceeding the equilibrium temperature, as can be seen from the curve. This is

explained by the fact that in such tablets the quentity of liquid formed is
{nsufficient to moisten the silicon dioxide plate. The curve near the minimum
has & low enough slope, however, 80 that in the case of tablets the composition
of which differs by 10-15% from the eutectic, the temperature difference does

not exceed the range of experimental errors.

complete freedom from oxygen could nc* be
achieved notwithstanding thorough purification of the nitrogen. For that rea-
son, the experiments vere repeated in an iron crucible (cf. Figure 3), so that
the penetration of noticeable gquantities of oxygen to the tablet was prevented.
Crucible 1 was closed by means of cover 2, and iron filings were placed on top
of the cover. The crucible was pleced in an apparatus similar to the one de-
scribed above, except that it wes in a vertical position. The thermocouple in
its protective sheath wes {ntroduced into the crucible through opening 3 bored
in the bottom of the crucible. Heating was carried out in a current of nitro-
gen, as before. The inner surface of the crucible alweys remained perfectly
clesn, because the oxygen was absorbed by the iron filings. )

As has been mentioned already,

Analysis of the S10p plate gave the relationship FeO:FepO3'= 50.0 or Fe: O=
3.46. To determine the relationship S102:0 {(where O 18 the oxygen combined
with iron) in the liquid, a tablet having a composition near to the eutectic
wes heated on & porous iron plate prepered by sintering iron in a hydrogen a%-
.. mosphere at 900° C. Analysis yielded the relationship 510:0 = 2.48. Thus,
the_composition of the eutectic liquid is SiOp:Fe:0= 2,48:3.46:1, which also
agiégg well with Bowen's result (2.50:3.45:1). »
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From the point of view of too proposed procedurs, the equilibrium FepSi0 -
Sioy - 810 - Fe - melt is not particularly favorsble, because the melt satu-
rated with S10o hes a rather high viscosity. Much more favoreble are condi-
tions with regard to the equilibrium FeS - FeO - Fe - melt, which was investli~
gated by the same method. Porous plates were prepared from FeO or Fe, but it
was also poesible to uee $10, plates, because the presence of the 510, plates
does not result in & noticeable displacement of the equilibrium. The lower
curve of Figure 2 glves the dependence of the temperature at which a spot be-
gins to form on the composition of the teblet. (The quantity of Fe in the tab-
lets is constant and amounts to 21%.) It can be seen from the curve that in
this case the temperature of beginning spot formation 1s practically indepen-
dent of the composition of the tablet within an extensive range.

For the investigation of equilibria, the folloviung experimental technigue b
ig recommended. First, by using tablete consiszting of equal quantities of all- -
participating solid phases, the temperature end the composition of ‘the equilib- !
rium liguid ere determined approximately for the purpese of orientation. Then,

for an exact determination of the eutectic point, ~ne should uge a tablet com-

position which is close to that of the equilibrium ligquid. It should not be K
too close, however, because othervise the tablet will melt completely and soak W
into the porous plate together with suspended perticles of solid phaset -
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Figure 1. Apparatus Used for the Measurements
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Figure 2. Tempersture Dependence of Melting {as indicated by
appearance of spot on the porous plate) on the Com-

position of the Tablet

B Figure 3. Iron Crucible
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N
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