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BETRIEBSERFAHRUNGEN MIT KALIUMSYSTEMEN

KURZFASSUNG

In einem internationalen Projekt werden die Arbeiten zur Reali-

sierung eines Kraftwerkes mit Kalium-Vorschaltprozeß weiter

vorangetrieben. Durchführbarkeitsstudien zeigen, daß dieses

Ziel mit der heute zur Verfügung stehenden Technik und den

bekannten Werkstoffen bereits unter den vorhersehbaren wirt-

schaftlichen Randbedingungen erreicht werden kann. Es ist

jedoch erforderlich, daß die getroffenen Annahmen im Hinblick

auf Materialverträglichkeit und Komponentenverhalten überprüft

werden. Es wurde deshalb im Österreichischen Forschungszentrum

Seibersdorf ein F&E Programm gestartet. Erste experimentelle

Ergebnisse werden beschrieben.

OPERATING EXPERIENCE WITH POTASSIUM SYSTEMS

In an international cooperation R&D work for the realization

of potassium topping cycles to increase the conversion effi-

ciency of thermal power stations is going on. Feasibility

studies show that the realization of such a process can be

achieved under economic considerations with existing materials

and today's technology. Nevertheless, it has to be shown that

the assumptions with respect to material behaviour and compo-

nent reliability are based on sound technical premises. There-

fore, in continuation of design studies, a hardware programme

has been initiated in the Austrian Research Centre Seibersdorf,

First results with respect to component and material behaviour

are described.
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In an international cooperation X4D work for the realization of pocassium topping cycles to increase
the conversion efficiency of thermal power stations is going on. Feasibility studies show that the
realization of such a process can be achieved under economic considerations with axisting materials
and today's technology. Nevertheless, it has to be shown that the assumptions with respect to
material behaviour and component reliability are based on sound technical premises. Therefore, in
continuation of design studies, a hardware programme has been initiated in the Austrian Research
Centre Seibersdorf. First results with respect to component and material behaviour are described.

INTRODUCTION
1. The thermal efficiency of electric utility
steam plants was increased nearly tenfold from
their introduction in the 133os up to 195o.
After the replacement of the piston engine by
the steam turbine this formidable achievement
was done mainly by increasing the peak tempera-
ture and pressure of the 3team in accordance
with the fundamental law delineated by Carnot
15o years ago. The strength of the alloy steel
drops rapidly above 5oo C so that the 565 C/
25o bar steam conditions reached already in the
early 195os represented the practical upper
limit obtainable with structural alloys that
can be fabricatad at reasonable costs. Moreover,
with wacer as Che working medium a complete
"Carnotization" of the thermodynamic process
between maximum temperature and ambient condi-
tions becomes more and more difficult and
cost-intensive with higher peak temperatures.
Technical development of modern power plants
therefore favoured the introduction of gas tur-
bine topping cycles. The basic idea is to put a
suitable, separately fired gas turbine in front
of an existing boiler, thus providing the boiler
with hot combustion gas.

2. With gas turbine topping cycles overall
efficiencies in the order of 45 to 43% can be
achieved, which is a considerable improvement
with respect to the water/steam plants whose
efficiencies did not exceed 4o%. A certain draw-
back must be seen in ehe fact that gas turbines
need a clean fuel, e.g. gas, oil or synfuel
which in the future may become scares or expen-
sive. Developments are under way to raise the
maximum inlet temoerature to the gas turbine

to more than 12oo C. 3ecause of the bad appro-
ximation to the ideal Carnot conditions thermal
efficiencies of lass than 5oZ will be achievable
even with thes« high temperatures. In contrast
to the 3rayton cycLe of the gas turbine, a
Rankine cycle with an avaporacing fluid opera-
ting within the same temperature limits, will
give a much higher thermal efficiency.

THEORETICAL BACKGROUND OF POTASSIUM TOPPING CYCLE
3. Lee us assume that presently available auste-
nieic stainless sceels and high temperature
alloys can be used for construction in a tempera-
ture range up to 35o to 9oo C. The question now
is whac fluid will satisfy the conditions of a
low pressure high density saturated vapour at
these temperature limits, «hatat first guess
seems to be a wide range of possible working
fluids is reduced to the alkali metals potassium
and cesium as the most reasonable candidates for
a working medium. The vapour pressure of potas-
sium is only 2.4 bar and that of cesium 4 bar
at 35o°C, with corresponding vapour densities
of 1.16 kg/m and 1.35 kg/m' , respectively. For-
tunately a lot of experience has been gained
with these fluids in different research and
davelopment projects. During the US space
programme extensive materials research and com-
ponent tests of alkali metal vapour cycles were
conducted. This work included corrosion experi-
ments with FeCrNi-alloys in boiling and conden-
sation and even component tests of small vapour
turbines (Ref. 1, 2, 3). Unfortunately experi-
mental work did not continue because of the
cancellation of funds for the original space po-
wer programme. Nevertheless, theoretical in-
vestigations to extend the existing know-how to
fossil fuel plants were continued (Ref. 4).

4. 3ecause of certain design criteria the
temperature range of the potassium cycle will
be restricted from 37o C to approximately 5oo C.
Greater temperature differences would result in
long blades at ehe turbine exic and oversized
vapour transmission lines. This lower-end tem-
perature is very veil suited for the heac in-
put into a conventional steam power plant. To
reduce safety problems which could be encoun-
tered in the construction of a pocassium con-
denser/water evaporator and to optimize the
theoretically achievable thermal conversion
efficiency an intermediate circuit with dipehnyl
as the working fluid has been proposed, so that
the power plant consists of three Sankine cycles



N.F. SCHWARZ, Diol.-Ing.Dr.techn., Austrian Research Centre Seibersdorf Ltd.

with three vapour turbines (Ref. 3 ) . A simpli-
fied flow scheme of this so called "Treble
Rankine Cycle" (TSC) is given in Fig. 1.
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Fig. 1: Simplified clow scheme and temperature-entropy diagramme of a "TRC"
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INTERNATIONAL COOPERATION FOR THE REALIZATION
OF A TRC
5. In 1977 an "Implementing Agreement for a
Programme or Research and Development on Energy
Conservation through Energy Cascading" was
signed by 9 countries in accordance with the
general directives put forward by the Inter-
national Energy Agency on cooperative energy
research in 1975. The realization of this Imple-
menting Agreement takes place in so-called
Annexes. Annex I, "Common Study", was carried
out between 1977 and 1979. In this first approach
some advanced technologies under development
were evaluated. Although the conclusions of
this task were still based on estimates, the TRC
proved to be interesting enough to be investi-
gated more thoroughly. For this purpose an
Annex II Study, "Treble Rankine Cycle Project -
Design Analysis Study and Establishment of an
R&D Programme", was put into action in 1979.
Participants in this study were the Federal
Republic of Germany (FRG), the Setherlands (ML)
and Austria (A), the operating agent being
Che Federal Republic of Germany. This Annex II
Study was aimed at being a "predesign study",
including actual technical solutions with main
dimensions and a cost estimate on a technical
basis for a 6oo MU coaL-fired power station.

Industrial partners from each of the participa-
ting countries were involved in the actual de-
sign work. This study was finished in December
1983. The results were encouraging so chat
positive steps are being discussed by the indus-
trial partners of the study :o accelerate ch«
realization of a coal fired power stacion wich
a potassium topping cycle. In a research programme
which has been defined as a cask of the study,
hardware investigations on a semitechnical scale
will have to be carried out prior to the deci-
sion for the construction of a small pilot plant.

TECHNICAL ASPECTS OF A POTASSIUM TOPPING CYCLE
5. For a betcer understanding of some of the
essential problems of ehe potassium syscem ehe
difterenc components ars shown schematically in
ehe flow scheme of Fig. 2.
Most of the material data which are available
today have been generaced in experimental faci-
licies wich ehe liquid metal circulating only
in the liquid phase. It is important to recog-
nize that with respect to Che corrosion nocencial
chere exisc basic differences between boiling
and nonboiling systems. In nonboiling systems
chere is concinuous flow chrough ehe circuit.
Therefore, depending on loop geometry, heat
cransfer races and ocher characteristic para-
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meters, an equilibrium between corrosion and
deposition will result in a soluce concentra-
tion which is unsacurated at the maximum Loop
temperature. Test sections are situated in this
region and measure normally maximun corrosion
rates.

Fig. 2: Scheme of potassium copping cycle

3 Boiler tubes
D Downcoraer
G Generator
P Pump
PC Potassium condenser

PT Potassium turbine
R ' Regenerator
RT Reencry tube
SS Steam separator

The situation in a recirculacing boiling liquid
metal circuit (Fig. 2) is concrary to that situ-
ation in the following points:

- Since in the boiler region ehe liquid frac-
tionates into pure vapour and impure liquid
ac the maximum system temperature an increase
in corrosion product concentration will occur
causing eventually supersaturation rather
than undersaturation.

- Transport of corrosion products will only
occur in the wet fraction of the vapour which
should be only 1« of the total mass flow.

- The main temperature drop in the system
occurs in the turbine by expanding the vapour.
An extremely pure condensate, which has a high
solubility potential for metallic elements,
will be generated only at relatively low tem-
peratures .

The favourable operating conditions of a boiling
system regarding corrosion phenomena lead to the
following conclusions with respect to the appli-
cability of candidate materials.

7. 3oilar region: The design of a recirculating
boiler will take full advantage of an oversatu-
ration of corrosion products in the boiler, A
high recirculation rate will aake the boiler
nearly isothermal and saturated with corrosion
produces near the liquid/vapour interface. The
vapour Leaving the boiler will carry almost
no corrosion products sinca their vapour pres-
sure is orders of magnitude Less than the
vapour pressure of potassium ac 37o C. The same
forces that build up solute in Che boiler will
also build up other impurities in chis region.
For chis reason oxygen, carbon, nitrogen and
all other contaminents introduced anywhere in

the system will eventually migrate to the boi-
ler and influence the corrosion behaviour of
ehe constructional material chere. Ultimately
corrosion will be inhibited and mass transport
will be reduced. The best choice for a con-
structional material is a high-tmperatura high-
3trengch material, for example Incoloy 8oo,
which should be scable enough ac 37o C and which
has already proven its applicability in liquid
netal systems (Ret. 4, 5). The main problem of
ehe boiler seems to be corrosion product depo-
sition which could lead to flow restrictions
and consequently to unbalanced flow distribution
and boiling instabilities in the boiler tubes.

8. Vapour lines and turbine: Given dry vapour,
the only corrosion affects imaginable should be
associated with sublimation of surface materials.
As the unavoidable moisture content, which may
be saturated with corrosion products, is carried
through the vapour lines to ehe turbine, Chis
could give rise to problems associated with
erosion and corrosion product deposition. This
will have to be considered in the design of the
vapour carrying system and the turbine entrance
to avoid unbalanced wheels rotating at high
velocities. In the turbine the situation changes
considerably since the pocassium vapour expands,
and wich desuperheating of the vapour, conden-
sate is generated in the curbine scages wich an
extremely Low overall solute content. Therefore
the first turbine blades will have to be manu-
factured from a corrosion resiscanc Mo-alloy.
With falling temperature, solubility of alloying
elements becomes lower and the impurity-concen-
tration in the condensate rises because of
upstream corrosion. Therefore ehe driving force
for dissolucion will be reduced accordingly,
so chat below a temperature of approximately
7oo°C high strength Mi alloys can again be used
for stationary and rotating turbine parts.

9. Condenser and boiler feed lines: Although,
the condensate in these components should have
a high dissoLucion potencial^ it is noteworthy
thac ac a cemperacure of 45o C the solubility
of Fe in pocassium is only half of thac in
sodium and Mi is less soluble in pocassium than
in sodium (Ref. 7). In addicion, since oxygen
should be recained in Che boiler seccion, no
excessive corrosion due so an oxygen reaction
should occur during normal operating conditions.
Therefore ic seems possible chat austenicic
stainless steel is an adequate constructional
material for condensar and feed lines. Still,
one important quescion has to be settled: Sow
and how much the condensate is preheated be-
fore entering the boiler. From chermodynamic
reasons ic is not necessary Co make a rigorous
Carnocization of the process thac means chac
preheacing of ehe subcooled liquid can be kepc
at a minimum. Therefore injection of subcooLed
liquid into ehe downcomer of a nacural circu-
lation boiler will alleviate most of the pro-
blems connected with preheating the condensate
co a cemperacure level where soLubiLity oc
alloying alamencs cannoc be neglected anymore.
The supposicion for chis design solucion is
chat the recirculation rate in the boiler can
be maintained high enough so chac undersacura-
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tion -Jill be avoided.

lo. These encouraging statements do not mean
that there will be no uncertainties in the de-
sign and construction or a topping system. With
the present knowledge some of the main research
problems and demonstration tasks in ehe potas-
sium system will be found in the following areas:

- potassium boiler; corrosion and creep properties
oc high strength materials under influence of
pocassium; flue gas corrosion and influence of
potassium on flue gas corrosion. Stability of
potassium boiling.

- vapour line and turbine; erosion from potassium
droplets. Construction and demonstration of
main shut valves. Sealing of turbine shafts.

- condenser; corrosion in "pure" potassium. De-
sign of a "leak-tolerant" construction with
low pressure build-up in case of a leak to
the secondary fluid. Removal of non-condensabla
gases.

- auxiliary systems; demonstration of effective-
ness of purification systems, coLd crap, hot
trap. Sampling and physico-chemical analysis.
Measurement systems as part of safecy analysis.

- safety; control of leaks in the system compo-
nents with over- and underpressure. Precautio-
nary measures in case of potassium spills.

EXPERIMENTAL ACTIVITIES
11. Parallel to the cooperation in the ISA-
studies potassium test facilities have been
erected and operated in a joinc research program
between an Austrian steel manufacturer ('/EM)
and the Research Centre Seibersdorf, with the
aim to extend the applicability or liquid metal
technology fron sodium as a reactor coolant to
other energy conversion systems. One of the
high temperature loops has been described in
(Ref. 8), a flow scheme is given schematically
in Fig. 3. This loop with a potassium inventory
of 7oo - looo 1 is now in operation for the
investigation of corrosion probleras, for compo-
nent testing and the demonstration of analyti-
cal in-line and out-line methods. Some smaller
experimental sec-ups are operated for 3afety
investigations. Matural convection boiling
loops are being erected and will go irfto opera-
tion in mid 1984. Self welding experiments of
metallic materials under high temperature po-
tassium are in operation. Some of the findings
will be reported in the following.

12. With the high-temperature potassium loop
HT 3 corrosion experiments in liquid potassium
are performed. It is planned to choose the ope-
rating conditions of different experiments in
such A way that there will be the possibility
to compare the results to the vast amount of

CT

-o —DR]—

DT

Fig. 3: Simplified flow scheme of the potassium high temperature loop "HT 3"
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experimental findings already generated in sodi-
um systems for the ?3R development. It should
then be possible Co reach an understanding of
potassium corrosion phenomena with a minimum of
time-consuming experiments.

13. During the start-up period of the loop
HT 3, corrosion samples were inserted in the
test section. Over IJoo h these materials were
exposed to veryQchanging operating conditions
from 5oo to 76o C, a flow rate in ehe order of
1 m/s and varying buc essentially high oxygen
contents in the order of 2oo ppm. No stable
corrosion conditions have been achieved during
the exposure time, since weight change measure-
ments showed small weight gains and weight
losses evenly distributed throughout the test
section. This behaviour corresponds well to
similar findings with newly operated sodium
loops.

14. In a second corrosion run, the same sam-
ples were exposed over 23oo h at 55o°C and ap-
proximately 2oo ppm oxygen. For austanitic ,
stainless steel a corrosion rate of 0.12 mg/enfh
was found. Contrary to the initial run the
weight losses of all the samples of the same
notarial were extremely uniform. For an Incoloy
sample the relative concentration profiles are
3hown in Fig. 4, The strong chromium depletion
suggests an oxygen-dominated reaction rate; the
•carbon profile shows strong carburizing condi-
tions of the potassium. All the samples have
been reinserted into the loop for the next expo-
sure period. As a first result it can be stated
thac the corrosion rates are unexpectedly low.
They are even lower than one would expect them
to be with the sams operating conditions in a
sodium environment.

[°C]1 Orifice-Temperature

Fig. 4: Surface diffusion profiles for Incoloy

Element . C Cr Mi Al

conc(w-J) o.l 2o.5 32

POTASSIUM AND COVER GAS ANALYSIS
15. For the purification of the potassium a
cold trap (CT) and/or a hot trap (HT) can be
operated. Parallel to these components a samp-
ling device (3D) and a plugging meter (?M) are
installed. As long as potassium purity is moni-
tored only with the CT the ?M should give a
qualitative information about changes in the
impurity content. Since the PM operation can be
controlled by computer programmes, a long test
series was performed to obtain the optimum
operating conditions for this instrument. It
turned out that operating the PM in a disconti-
nuous mode with conscant orifice temperature
and measuring the time to plug between preset
flow levels gava the be3t qualitative picture.
Fig. 5a shows the operation mode of the PM and
Fig. 5b the summary of the test run.

Fig. 5a: Operating mode of ?M with
constant orifice-temperature

time [s]

\flow
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Analysis
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timeCh]
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5b: Test run of purification and
sampling system
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During chis cesc the auxiliary system was
filled with relatively impure potassium, the
cold trap (CT) temperature sat at a fixed level
of loo°C and the sampling device and ?H operated
in parallel to the CT. PM readings demonstrated
the effectiveness of CT purification indicated
by the increase of the time needed to plug the
orifice of the ?M at a preset temperature of
65 C. Analysis of the potassium after this puri-
fication period gave the following results:

Element 0 C Mn Fe Cr Mi

conc.(w-ppm) 2oo <1 1.6 3.6 8.o o.62

These values should represent a saturation con-
centration at the CT-teraperature of loo C. The
only information found in the literature (Raf. 9)
sets the equilibrium concentration of 09 in po-
tassium of loo C at lopo ppm. The experimental
lower value found in our dynamic systam is ad-
vantageous in so far as cold trapping will be
more afficient in the purification of potassium
systems than had been anticipated. Fig. 5b shows
that after the sampling device has been discon-
nected a further purification of the pocassiua
indicated by the rise of the plugging time curve,
cook place. This is tentatively explained by
the activation of diffusion cold traps which
were generated by freezing of the lines to the
sampling device.

16. Comparing the results
sis at different cold trap
the corrosion run indicates
concent gives an apparently
ty, which is a further hint
interactions seen first in
files of corrosion samples.

of potassium analy-
temperatures during
that a high oxygen
higher Cr-solubili-
to the oxygen/Cr
the diffusion pro-

17. Cover gas impurities are measured with a
gas Chromatograph. In a quasi-continuous node a
spectrum of constituents is being measured on-

line to the running test loop. In addition, the
Chromatograph is used to give information about
air leaks into the system during the installa-
tion of test sections and modifications of com-
ponents by measuring the M, concentration dif-
ferences before and after manipulations.

SAFETY EXPERIMENTS
13. One of the iniportanc questions in ehe de-
sign of potassium topping systems is which
medium will be used in the secondary circuit to
cool the potassium condenser. To reduce the over-
all costs of a power station according to some
proposals only evaporating wacar should be
used. In this case a leak in the condenser with
the subsequent injection of high pressure water
into the potassium vapour will causa severe
damage of the turbine and other components.
Therefore a small experiment has been set up to
investigate water and potassium reactions in
the vapour phase, see Fig. 6a. Firsr. results
show that under ehe given conditions the pres-
sure rise in the test volume (see Fig. 5b) is
lass than half of the expected prassure rise,
if all the injected watsr/steam reacts wich the
potassium according to the aquation

K + H,0 :<on
This result and the scaady decrease of pressure
in the test volume after the peak pressura is
reached indicate that secondary reactions and
adsorption phenomena are imporcant in the sup-
pression of pressure peaks caused by tha failure
of a tube in the condenser section.

19. In case of
have to be taken
formation which,
high temperature
corrosion attack
point (63 C) and

leaks to the outside, measures
to prevent excessive aerosol
as deposits on the outside of
equipment, nay result in severa
. Because of the low melting
lower density of potassium in
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rig. 6a: Test vessel for pocassium-vapour/
wacer reaction cases

Fig. 6b: Pressura rise after water injection
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relation co sodium extinguishing powders proved
noc very effective. Cacch pans wich air convec-
tion shields reduced aerosol formation, but
3ince potassium remains liquid, the surface re-
action in the pans did not stop completely.
Ultimately, a design for great components was
adopted which permits to drain Che spillad
potassium into an inertialized container where
ic can be cooled to freeze as fast as possible.

SUMMARIZING REMARKS
20. A great amount of experience has been
accumulated in the field of alkali metal techno-
logy resulting from the Fast Breeder Reactor
Development and from activities in the US space
programme. From these resulcs there is good evi-
dence that the construction of a potassium
copping cycle can be undertaken successfully
with existing materials and today's technology.

21. An international programme for the realiza-
tion of a TRC has been started under the auspi-
ces of the TEA. An engineering scudy which in-
cluded cechnical solutions with main dimensions
and a cost estimate for a 600 MW . coal-fired
power station has been finished."Results of this
study justify the continuation of chis project
with an R&D programme including hardvare tests.

22. In addicion cs the existing sodium activi-
ties, potassium test facilities have been in-
stalled in the Auscrian Research Cancre Seibers-
dorf. A selection of experiences and experimen-
tal findigs concerning material corrosion, puri-
fication and safety problems have been presen-
ted which should give a first axperimental
support to ehe positive attitude expressed in
the above mentioned study for the realization
of potassium topping cycles.
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