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THE SYSTEM K,SO,—K,S
A NEW EXPERIMENTAL TECHNIQUE
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A new experimental technique has been developed to determine the phase equilibrium
diagram for the system K,SO,—K,S.

The technique involves isothermal thermogravimetry of potassium sulphate during
reduction to potassium sulphide at elevated temperatures in a stream of dry oxygen-free
hydrogen gas. Several abrupt changes in the rate of weight loss occur in each curve and
these can be related to phase changes in the phase diagram for the system.

On the basis of such results the liquidus and solidus (solid solution) boundaries can
be located.

Simple thermal analysis is used to confirm the eutectic temperature and various
liquidus temperatures.

The diagram K,SO,— K,S is a simple eutectic system with the eutectic at 610° and
23 mole % K,S. The limits of solid solubility of K,S in K,SO, and K,SO, in K,S
at the eutectic temperature are 11 % and 36 mole %} respectively.

The odd shape of the liquidus curves on each side of the eutectic suggests the possi-
bility of phase changes in both K,SO,and K,S solid solutions. No evidence for this was
obtained from thermal analysis.

There are many conventional techniques used in the compilation of high tem-
perature phase equilibrium diagrams. These include thermal analysis, which
includes differential thermal analysis and thermogravimetry, equilibrium anneal-
ing and rapid quenching of various compositions followed by X-ray analysis, or
microscopic analysis, or separation and chemical analysis, or electron microprobe
analysis, and hot stage microscopy[l].

All of the above techniques can be described as either static composition-dynam-
ic temperature or static composition-static temperature techniques.

A technique involving static temperature-dynamic composition measurements
has been described for compiling various vanadium pentoxide containing systems
[2—5]. This technique moves horizontally across the phase diagram instead of
vertically in the diagram as do all of the other techniques mentioned above.

Not all of the above techniques are applicable to all systems, and in particular,
difficulties are encountered when high viscosities occur or one of the elements in
the system appears with more than one oxidation state. In the latter case it is
necessary during the experimental measurements to maintain a constant oxygen
partial pressure which is unique to each temperature/composition point. This
makes conventional techniques, such as thermal analysis, difficult.
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Because of such difficulties, phase equilibrium diagrams are unavailable for
sulphide-sulphate bearing systems of interest to workers concerned in the produc-
tion of wood pulp by the closed cycle kraft process [6].

The present work describes the first phase equilibrium diagram produced in
such a sulphate-sulphide system by the new technique.

Experimental

A small known weight of anhydrous solid potassium sulphate (Analar grade)
contained in a small platinum crucible was continuously weighed while suspended
in a stream of dry oxygen-free hydrogen at an elevated temperature, Heating was
provided by a platinum wound resistance furnace. The hydrogen atmosphere was
contained in the furnace in a 316 stainless steel tube.

Weighing was performed using a two pan balance accurate to 1 mg. The weight
versus time curve was built up by removing weights from one pan and timing the
system to rebalance, which occurred by loss of weight of potassium sulphate in
the crucible suspended from the other pan. The final weight of the reduced mixture
was measured to check the thermogravimetric end result.

The same furnace/stainless steel tube system was adapted for thermal analysis
by inserting a silica glass tube support containing a platinum/platinum 13 % rho-
dium thermocouple into the stainless steel tube. A small platinum crucible, hav-
ing a thermocouple well in the bottom which is fitted over the thermocouple on
the support, held a known weight of potassium sulphate.

This was heated in dry oxygen-free hydrogen for a time, estimated from the
previous thermogravimetry results as being sufficient to produce the required
composition of sulphide-sulphate in the sample. The hydrogen was then replaced
with dry oxygen-free nitrogen, the sample rapidly quenched by moving it to a
cooler portion of the furnace, and the furnace cooled in readiness for a heating
curve experiment. The sample weight was checked before and after the experiment
and less than 0.19%; weight change was observed. The thermal analysis was per-
formed by heating the sample at approximately 15 to 30° degree/min and measur-
ing the crucible temperature on a recorder. The recorder had a 1 mV full scale
deflection and a backing off millivoltage source used to expand this scale up to
15 mV in 1 mV sections. Such temperature-time traces were examined for devia-
tions from a continuous gentle curve.

Results

A typical thermogravimetry curve is shown in Fig. 1. A compilation of the
composition of all points of rapid change in the rate of weight loss at various
temperatures are given in Table 1. Many of these points are the average of dupli-
cated or triplicated measurements.

Table 2 lists the temperatures of thermal events occurring during the heating
curves for various compositions.
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Temp., °C

630
640
662
695
725
750
775
831
872
912
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Fig. 1. Typical TG curve in H, at 750 °C

Table 1

Thermogravimetric data

mole % K,S at points of rate change in TG curves

10 \ 22.5 l 24
— 20 25
- [ 18 27

6.5 | 15 | 29
4.6 | 12.5 \ 30.5
3 ‘ 105 | 31.5
2 | 8 \ 33

1 6 \ 37.5
— ‘ — | 45
— ‘ — ( 60
w
Table 2

\ 38
401
|45
.
6L
\ 67
73
| 825
C90
915

Thermal analysis data (heating curves only)

mole ¥, K,S

4.6
7.1
19.2
27.5
34.8

60.5
82.5

600
600
600
' 600
\ 600
| 600
l

600

Thermal event temperatures, °C
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Fig. 2. Proposed phase equilibrium diagram for the system K,SO,—K,S +TG, O heating
curve data

Figure 2 shows the proposed phase diagram for the system K,SO,~K,S.
Temperatures are accurate to & 10° and compositions to £2 mole %.

Discussion

The excellent agreement between the eutectic temperature predicted from the
extrapolation of liquidus curves produced by thermogravimetry and that produced
by thermal analysis (heating curves) is all that is required to confirm the new
technique. The presence of eutectic temperature events in the thermal analysis
results inside the areas indicated as being solid solid-solutions by the thermogravi-
metry is readily explained by non-equilibrium composition solids in the specimens
used for thermal analysis caused by “coring” of precipitated phases during the
rapid quench used in producing these specimens.

Again, the excellent agreement between the liquidus curves produced by both
techniques gives credence to the new technique and indicates that the explanation
of the shape of the thermogravimetric analysis curves is correct. It is proposed
that the initial slow weight loss is indicative of a solid-gas reaction to produce
K.,S (in solid solution). The first rate increase represents a change to a gas-liquid-
solid reaction and therefore defines a point on the liquidus between K,S80, solid
solution and liquid. Such a reaction involving both a gas-liquid and liquid-solid
reaction would be more rapid than a simple gas-solid reaction. The next change,
a rate increase, indicates a change to a simple liquid-gas reaction and defines a
point on the liquidus. The first rate decrease indicates a change back to a gas-
liquid-solid reaction with the precipitation of K,S solid solution. The composition
of this solid solution is constant throughout the cross section of the precipitated
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material due to the constant temperature conditions. This rate decrease defines
a point on the other liquidus, while the final rate decrease defines a point on the
other solidus, K,S solid solution, and indicates a return to a slow solid-gas reaction.

Conclusion

A new technique for studying phase equilibrium diagrams in systems containing
one element which has two simultaneous oxidation states has been proven using
the system K,SO,—K,S. The new technique is rapid and convenient and does not
require control of the ambient oxygen partial pressure during the experimental
procedure. The technique also defines the limits of solid-solubility above the eutec-
tic temperature.

The authors would like to thank the National Research Council of Canada for their finan-
cial support.
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RESUME — Une nouvelle technique expérimentale a été développée afin de déterminer le dia-
gramme d’équilibre des phases dans le systeme K,SO,—K.,S.

La technique fait appel a la thermogravimétrie isotherme du sulfate de potassium lors de sa
réduction en sulfure de potassium & températures élevées dans un courant de gaz hydrogéne sec
exempt d’oxygeéne. Plusieurs changements abrupts de vitesse de perte de poids ont lieu sur
chaque courbe et ces changements peuvent étre rapportés aux changements de phases dans le
diagramme de phases du systéme.

A partir de tels résultats on peut déterminer les limites du liquidus et du solidus (solution
solide).

L’analyse thermique simple a été utilisée pour confirmer la température eutectique etdiverses
températures du liquidus.

Le diagramme K,S0,—K,S forme un systéme eutectique simple a4 610° et 23 p.c. molaires
de K,S. Les limites de la solubilité en phase solide de K.S dans K,SO, et de K,SO, dans K,S
sont, 4 la température eutectique, respectivement de 11 et 36 mol %.

La forme particuli¢re des courbes du liquidus de chaque c6té de ’eutectique fait penser 2 la
possibilité de changements de phases dans les solutions solides tant de K,SO, que de K.,S,
mais Panalyse thermique n’en a pas donné de preuve.

ZUSAMMENFASSUNG — Eine neue experimentelle Technik wurde zur Bestimmung des Phasen-
gleichgewichtsdiagramms des Systems K,SO, — K,S entwickelt.

Die Technik umfasst die isotherme Gravimetrie von Kaliumsulfat wihrend der Reduktion
zu Kaliumsulfid bei erhohten Temperaturen in stromenden trockenen und Sauerstoff-freien
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Wasserstoff. Verschiedene plétzliche Anderungen der Geschwindigkeit des Gewichtsverlustes
treten bei jeder Kurve auf und konnen mit den Phaseninderungen im Phasendiagramm des
Systems in Zusammenhang gebracht werden.

Durch diese Ergebnisse konnen die Grenzflichen der fliissigen und der Festphasenlosung
festgestellt werden.

Die einfache Thermoanalyse wird zur Bestitigung der eutektischen Temperatur und ver-
schiedener Liquidus-Temperaturen herangezogen.

Das Diagramm K,SO,—K,S ist ¢in einfaches eutektisches System mit dem Eutektikum bei
610° und 23 Mol % K,S. Die Grenzwerte einer festen Losung von K,S in K,S0, und K,SO,
in K,S betragen bei der eutektischen Temperatur 11 % bzw. 36 Mol %.

Die aussergewohnliche Form der Liquidus-Kurven zu beiden Seiten des Eutektikums lasst
auf die Moglichkeit von Phasendnderungen in den Festlosungen von sowohl K,SO, wie auch
von K,S schliessen Hierzu ergab jedoch die Thermoanalyse keine Bestitigung.

Peatome — Jiyia ompepenenus auarpaMmel a3oBoro pasHosecus B cucreMme K,SO,—Ko,S pas-
paGoTaH HOBBIM DKCHEPHMEHTANBHBIN METOA. MeTox BKIrO4acT B celsi M30TEPMUYECKYIO TEpP-
MOTPaBUMMETPHIO CyibhaTa Kajls BO BPEMS €r0 BOCCTAHOBIICHHS A0 Cyibduaa MpH IOBEIIEH-
HBIX TEMIIEpATypax H B CTPYE CYXOT0 BOAOPOAA, HE colepaumero xuciaopona. Ha xaxmoit xpu-
BOM HaOMFONAETCS HECKOIBKO PEe3KHX H3IMECHEHH) CKOPOCTH HOTEPH BECA, YTO MOXKET OBITH CBS-
3an0 ¢ $a30BBIM H3MEHEHHEM Ha (ha30BOi THarpaMmMe cucteMsl. Ha OCHOBamMH 3THX pe3ybTa-
TOB MOTYT OBITh YCTAHOBJICHBI I'DAHULEI IAKBUAYCA U commayca (Teepapiit pactsop). Hua moa-
TBEPXKICHVS TEMICPATYPHI PBTEKTHKY M PA3IIMYHBIX TEMIEPATYP HKBHAYCA HCHONB30BaH MpoO-
croii Tepmuueckuil anammu3. Juarpamma K,SO,—K,S npepcrasnsger coboii IPOCTYIO 3BTEKTHYEC-
KYEO CHCTEMY C 9BTEKTHKOM IIpH 610° 1 npu 23 Monbusx ¥, K,S. TIpenenst TBeproi pacTROPAMOCTH
K,S B K80, u K,;S0, B K,;S nipa TeMmepaType BTEKTHKH COCTABJIAIN, COOTBETCTBEHHO, 11 1 36
MOJIBHBIX IponenTa. HeoGprvaiHbii BI/ KPABBIX IMKBAAYCA HA KaXXI0N CTOPOHE SBTCKTHKY yKa-
3BIBAET Ha BO3MOXKHOCTE (ha30BOro m3Menenns B oooux K,SO, 1 K,S TBepabix pacrBopax. Oana-
KO, AOKA3aTEIBCTB HTOMY He OBUIO HONYYEHO U3 TEPMHUYECKOTO a HaIIM3a.
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