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K(T) (57) Abstract: Use of a nitrate salt composition Z containing Z1 at least one alkali metal nitrate and 

XMtozt = (1) optionally alkaline earth metal nitrate and Z2 at least one alkali metal nitrite and optionally alkaline 
K6 (T) +9 earth metal nitrite in an amount of Z2 in the range from 1.1 to 15.0 mol% based on the sum of Z1 

Nitrat a Nitrit + plus Z2 as heat transfer or heat storage medium in apparatuses in which these heat transfer or heat 
storage media are contained at a temperature in the range from 500°C to 620'C and an oxygen partial 

(NO 3- NO2- + 2 02) (Ill)pressure over the nitrate salt composition in the range from 0.1 to 1.0 atm, characterized in that for a 
desired temperature selected from the abovementioned range and for a desired oxygen partial pressure 
selected from the abovementioned range the molar amount of the alkali metal nitrite and optionally 
alkaline earth metal nitrite is calculated with the following formula (formula I) in which the variables 
have the following meanings Xnpiite is the mole fraction of nitrite in a nitrite/nitrate mixture, K 6(T) is 

the temperature-dependent equilibrium constant of the reaction (formula II) oxygen (formula III), pO2 
is the oxygen partial pressure and T is the temperature of the nitrate salt composition and the calculated 
value of the molar concentration of the component Z2 is optionally reduced by 40% or increased by 
20% and wherein the nitrate salt composition Z upon first operation of said apparatuses is heated to a 
maximum operating temperature in the range from 500°C to 620°C.  

(57) Zusammenfassung: Verwendung einer Nitratsalzzusammensetzung Z enthaltend Z1 mindestens 
ein Alkalimetallnitrat und gegebenenfalls Erdalkalimetallnitrat sowie Z2 mindestens ein Alkalimetall
nitrit und gegebenenfalls Erdalkalimetallnitrit in einer Menge von Z2 im Bereich von 1,1 bis 15,0 mol 
% bezogen auf die Summe Zl plus Z2 als Wrmetrger- oder Wrmespeichermedium in Vorrichtun
gen in welchen diese Wrmetrger- oder Wrmespeichermedien enthalten sind bei einer Temperatur im 
Bereich von 500 bis 620°C und einem Sauerstoffpartialdruck fiber der Nitratsalzzusammensetzung im 
Bereich von 0,1 bis 1,0 atm, dadurch gekennzeichnet, dass fUr eine aus oben genanntem Bereich ausge
wshlte gewnnschte Temperatur und fUr einen aus oben genanntem Bereich ausgewhlten gewinschten 
Sauerstoftpartialdruck die molare Menge des Alkalimetallnitrits und gegebenenfalls Erdalkalimetallni
trits mit folgender Formel berechnet wird (Formel I) in welcher die Variablen die folgende Bedeutung 
haben XNitit ist der Molenbruch von Nitrit in einer
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SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.  

(84) Bestimmungsstaaten (soweit nicht anders angegeben, fir 
jede verfigbare regionale Schutzrechtsart): ARIPO (BW, 
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, 
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Veriffentlicht: 
- mit internationalem Recherchenbericht (Artikel 21 Absatz 

3) 

Nitrit/Nitrat-Mischung, K 6(T) ist die temperaturabhngige Gleichgewichtskonstante der Reaktion (Formel II) Sauerstoff (Formel III), 

P0 2 ist der Sauerstoffpartialdruck und T die Temperatur der Nitratsalzzusammensetzung und man gegebenenfalls den errechneten Wert 

der molaren Konzentration der Komponente Z2 um 40 % vermindert oder um 20 % erh6ht und wobei die Nitratsalzzusammensetzung Z 
bei der ersten Inbetriebnahme besagter Vorrichtungen auf eine maximale Betriebstemperatur im Bereich von 500 bis 620'C erhitzt wird.
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Use of a nitrate salt composition as a heat transfer or heat storage medium for 

first operation of an apparatus containing these media 

Description 

5 

The present invention relates to the use of a nitrate salt composition Z comprising Z1 

at least one alkali metal nitrate and optionally alkaline earth metal nitrate and also Z2 

at least one alkali metal nitrite and optionally alkaline earth metal nitrite as heat 

transfer or heat storage medium in apparatuses in which these heat transfer or heat 

10 storage media are present, as defined in the claims, and also a process for the first 

start-up of an apparatus in which such a heat transfer or heat storage medium is 

used, as defined in the claims.  

Heat transfer media or heat storage media based on inorganic solids, in particular 

15 salts, are known both in chemical technology and in power station engineering. They 

are generally used at high temperatures, for example above 100°C, i.e. above the 

boiling point of water at atmospheric pressure, in suitable apparatuses.  

An example of such apparatuses in chemical plants for the industrial preparation of 

20 various chemicals is what is referred to here and in the technical field as "salt bath 

reactors" which are usually operated at temperatures of from about 200 to 5000 C.  

Heat transfer media are media which are heated by a heat source, for example the 

sun in solar-thermal power stations, and transport the heat comprised therein over a 

25 particular distance. They can then transfer this heat to another medium, for example 

water or a gas, preferably via heat exchangers, with this other medium then being 

able to drive, for example, a turbine. Heat transfer media can also be employed in 

chemical process engineering to heat or cool reactors (for example salt bath 

reactors) to the desired temperature.  

30
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However, heat transfer media can also transfer the heat comprised therein to another 

medium (for example salt melt) present in a stock vessel and thus pass the heat to 

storage. Heat transfer media can, however, also themselves be fed into a stock 

vessel and remain there. They then act both as heat transfer media and heat storage 

5 media.  

Heat stores comprise heat storage media, usually compositions, for example the 

mixtures according to the invention, which can store a quantity of heat for a particular 

time. Heat stores for fluid, preferably liquid, heat storage media are usually formed by 

10 a fixed vessel which is preferably insulated against heat losses.  

A still relatively new field of application for heat transfer media or heat storage media 

is solar-thermal power stations (also referred to here and in the technical field as 

"solar heat power stations") for generating electric energy.  

15 

An example of a solar-thermal power station is shown schematically in figure 1.  

In figure 1, the reference numerals have the following meanings: 

1 solar radiation 

20 2 receiver 

3 stream of a heated heat transfer medium 

4 stream of a cold heat transfer medium 

5a hot part of a heat storage system 

5b cold part of a heat storage system 

25 6 stream of a hot heat transfer medium from the heat storage system 

7 stream of a cooled heat transfer medium into the heat storage system 

8 heat exchanger (heat transfer medium: steam) 

9 stream of steam 

10 condensate stream 

30 11 turbine with generator and cooling system 

12 electric energy flow
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13 waste heat 

In a solar-thermal power station, focused solar radiation (1) heats a heat transfer 

medium, usually in a receiver system (2) which usually consists of a combination of 

5 tubular "receivers". The heat transfer medium flows, usually driven by pumps, 

generally firstly into a heat storage system (5a), flows via the conduit (6) from there 

on to a heat exchanger (8) where it transfers its heat to water so as to generate 

steam (9) which drives a turbine (11) which finally, as in a conventional electricity

generating power station, drives a generator for producing electric energy. In the 

10 generation of electric energy (12), the steam loses heat (13) and then generally flows 

back as condensate (10) into the heat exchanger (8). The cooled heat transfer 

medium flows from the heat exchanger (8) generally via the cold region (5b) of a heat 

storage system back to the receiver system (2) in which it is once again heated by 

the solar radiation and a circuit is formed.  

15 

The storage system can consist of a hot tank (5a) and a cold tank (5b), for example 

as two separate vessels. An alternative construction of a suitable storage system is, 

for example, a layered store having a hot region (5a) and a cold region (5b), for 

example in one vessel.  

20 

Details of solar-thermal power stations are described, for example, in Bild der 

Wissenschaft, 3, 2009, pages 82 to 99, and in the following.  

Three types of solar-thermal power stations are of particular importance at present: 

25 the parabolic trough power station, the Fresnel power station and the tower power 

station.  

In the parabolic trough power station, the solar radiation is focused by means of 

parabolic troughs of mirrors into the focal line of the mirrors. A tube (usually referred 

30 to as "receiver") which is filled with a heat transfer medium is present there. The heat 

transfer medium is heated by the solar radiation and flows to the heat exchanger
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where it transfers its heat to steam generation, as described above. The parabolic 

trough tube system can in present-day solar-thermal power stations attain a length of 

more than 100 kilometers.  

5 In the Fresnel power station, the solar radiation is generally focused by means of flat 

mirrors onto a focal line. A tube (usually referred to as "receiver") through which a 

heat transfer medium flows is present there. In contrast to parabolic trough power 

stations, the mirror and the tube do not together follow the position of the sun, but 

instead the positioning of the mirrors is adjusted relative to the fixed tube. The setting 

10 of the mirrors follows the position of the sun, so that the fixed tubular conduit is 

always located at the focal line of the mirrors. In Fresnel power stations, too, molten 

salt can be used as heat transfer medium. Salt Fresnel power stations are at present 

largely still being developed. In the salt Fresnel power station, the steam generation 

or the generation of electric energy occurs in a manner analogous to the parabolic 

15 trough power station.  

In the solar-thermal tower power station (hereinafter also referred to as "tower power 

station"), a tower is encircled by mirrors, in the technical field also referred to as 

"heliostats", which radiate the solar radiation in a focused manner back to a central 

20 receiver in the upper part of the tower. In the receiver, which is usually made up of 

bundles of tubes, a heat transfer medium is heated and this produces, in a manner 

analogous to the parabolic trough power station or Fresnel power station via heat 

exchangers, steam for generating electric energy.  

25 Heat transfer media or heat storage media based on inorganic salts have been 

known for a long time. They are usually used at temperatures at which water is 

gaseous, i.e. usually at 100°C and more.  

Known heat transfer media or heat storage media which can be used at relatively 

30 high temperature are compositions which comprise alkali metal nitrates and/or
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alkaline earth metal nitrates, optionally also in admixture with alkali metal nitrites 

and/or alkaline earth metal nitrites.  

A product of Coastal Chemical Company LLC having the composition potassium 

5 nitrate:sodium nitrate of 40% by weight:60% by weight is, for example, widely used 

for the first start-up and also the ongoing operation of solar-thermal power stations 

having a maximum operating temperature of more than 5000 C. Nitrate salt mixtures 

having a different molar sodium/potassium ratio are likewise useable and differ 

essentially only slightly in terms of the physical properties, for example in terms of 

10 their melting ranges. The standard publication for erection and operation of solar

thermal tower power stations using nitrate salt mixtures is Zavoico, A. B. (2001) in 

Solar Power Tower: Design Basis Document; SAND2001-2100. Sandia National 

Laboratories, San Francisco. Zavoiko gives pure potassium-sodium nitrate salt 

mixtures as reference heat transfer or heat storage medium for these solar-thermal 

15 power stations.  

However, such nitrate salt mixtures are still capable of improvement since heating of 

these nitrate salt mixtures can result in formation of large amounts of decomposition 

gases, which can, in particular in the receiver tubes of the tower power stations, lead 

20 to risks of overheating due to gas cavities formed in the salt melt and thus reduced 

heat removal. The large amounts of nitrate salt mixture employed in such solar

thermal power stations usually have to be heated up very slowly and carefully, which 

delays the start-up process and is uneconomical. In addition, it has to be taken into 

account that the abovementioned pure nitrate salt mixtures partially decompose with 

25 elimination of oxygen and nitrogen oxide even at moderate heating rates.  

The evolution of large amounts of oxygen gas also leads to an additional discharge 

of nitrogen oxides from the gas phase above the salt melt mixture into the 

environment. This process, also referred to as "stripping effect", leads to increased 

30 nitrate salt decomposition with formation of nitrogen oxide gas. This has the 

disadvantage that firstly the emissions of nitrogen oxide gases into the environment
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are increased and secondly the increase in corrosiveness of the nitrate salt melt mixture is 

accelerated.  

It is known from D.A. Nissen and D.E. Meeker, Inorg. Chem. 1983, 22, 716-721, that a mixture 

5 of sodium nitrate and potassium nitrate gives off oxygen at high temperatures.  

Advantageously, the present invention may be used to develop a heat transfer medium or 

heat storage medium which does not have the disadvantages of known nitrate salt 

compositions on heating-up during the first start-up of apparatuses comprising these media.  

0 

For rationality reasons, the apparatuses defined in the description and in the claims, in which 

the heat transfer or heat storage media are comprised, in particular their preferred and 

particularly preferred embodiments, for example power stations for generating heat and/or 

electric energy, apparatuses of chemical process engineering or metal hardening plants, will 

5 hereinafter also be referred to as "heat transfer apparatuses according to the invention" .  

We have accordingly found the use defined in the claims and also the process defined there.  

For rationality reasons, the nitrate salt compositions defined in the description and in the 

0 claims, in particular their preferred and particularly preferred embodiments, will hereinafter 

also be referred to as "nitrate salt composition according to the invention" .  

For the present purposes, an alkali metal is |ithium, sodium, potassium, rubidium, cesium, 

preferably lithium, sodium, potassium, particularly preferably sodium, potassium, unless 

25 expressly indicated otherwise.  

17051634_1 (GHMatters) P109785.AU
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For the present purposes, an alkaline earth metal is beryllium, magnesium, calcium, 

strontium, barium, preferably calcium, strontium, barium, particularly preferably 

calcium and barium, unless expressly indicated otherwise.  

5 The nitrate salt composition according to the invention Z comprises Z1 at least one 

alkali metal nitrate and optionally alkaline earth metal nitrate and also Z2 at least one 

alkali metal nitrite and optionally alkaline earth metal nitrite as substantial 

constituents.  

10 A well suited embodiment of the nitrate salt composition according to the invention 

comprises a Z1 alkali metal nitrate and a Z2 alkali metal nitrite as substantial 

constituents.  

The alkali metal nitrate here is a nitrate, preferably virtually water-free, particularly 

15 preferably water-of-crystallization-free, nitrate of the metals lithium, sodium, 

potassium, rubidium or cesium, preferably lithium, sodium, potassium, particularly 

preferably sodium, potassium, generally described as MetNO3, where Met represents 

the above-described alkali metals, with the term alkali metal nitrate encompassing 

both a single nitrate and also mixtures of the nitrates of these metals, for example 

20 potassium nitrate plus sodium nitrate.  

The alkaline earth metal nitrate here is a nitrate, preferably virtually water-free, 

particularly preferably water-of-crystallization-free, nitrate of the metals magnesium, 

calcium, strontium, barium, preferably calcium, strontium, barium, particularly 

25 preferably calcium and barium, generally described as Met(N03)2, where Met 

represents the above-described alkaline earth metals, with the term alkaline earth 

metal nitrate encompassing both a single nitrate and also mixtures of the nitrates of 

these metals, for example calcium nitrate plus magnesium nitrate.  

30 The alkali metal nitrite here is a nitrite, preferably virtually water-free, particularly 

preferably water-of-crystallization-free, nitrite of the alkali metals lithium, sodium,
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potassium, rubidium and cesium, preferably lithium, sodium, potassium, particularly 

preferably sodium, potassium, generally described as MetNO2, where Met represents 

the above-described alkali metals. The alkali metal nitrite can be present as single 

compound or else as a mixture of various alkali metal nitrites, for example sodium 

5 nitrite plus potassium nitrite.  

The alkaline earth metal nitrite here is a nitrite, preferably virtually water-free, 

particularly preferably water-of-crystallization-free, nitrite of the metals magnesium, 

calcium, strontium, barium, preferably calcium, strontium, barium, particularly 

10 preferably calcium and barium, generally described as Met(N02)2, where Met 

represents the above-described alkaline earth metals, with the term alkaline earth 

metal nitrite encompassing both a single nitrite and also mixtures of the nitrites of 

these metals, for example calcium nitrite plus magnesium nitrite.  

15 Preference is given to the following nitrate salt compositions according to the 

invention: 

Nitrate salt composition according to the invention comprising a Z1 alkali metal 

nitrate selected from the group consisting of sodium nitrate and potassium nitrate and 

20 Z2 an alkali metal nitrite as substantial constituents; 

Nitrate salt composition according to the invention comprising a Z1 alkali metal 

nitrate and a Z2 alkali metal nitrite selected from the group consisting of sodium 

nitrite and potassium nitrite as substantial constituents; 

25 

Nitrate salt composition according to the invention comprising a Z1 alkali metal 

nitrate selected from the group consisting of sodium nitrate and potassium nitrate and 

a Z2 alkali metal nitrite selected from the group consisting of sodium nitrite and 

potassium nitrite as substantial constituents.  

30
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The nitrate salt composition Z comprises the at least one alkali metal nitrite and 

optionally alkaline earth metal nitrite Z2 in an amount in the range from 1.1 to 

15.0 mol%, based on the sum of the components Z1 plus Z2, with this amount 

expressly also relating to the preferred nitrate salt compositions indicated above.  

5 

The nitrate salt composition Z according to the invention is used at a temperature in 

the range from 500 to 6200C, preferably in the range from 550 to 5800C, and at an 

oxygen partial pressure p02 over the nitrate salt composition according to the 

invention in the range from 0.1 to 1.0 atm, preferably in the range from 0.2 to 0.4 atm, 

10 particularly preferably in the range from 0.21 to 0.35 atm.  

The content of component Z2 of the nitrate salt composition Z according to the 

invention is preferably guided by the desired temperature selected from the above

defined range and by the oxygen partial pressure p02 selected from the above

15 defined range and is calculated approximately using the following formula in which 

the variables have the following meanings: 

Xnitrite -- K(T 

Xnitrite is the mole fraction of nitrite in a nitrite/nitrate mixture, 

K6(T) is the temperature-dependent equilibrium constant of the reaction nitrate' 

20 nitrite + % oxygen (N03 ; N02- + % 02), with the values of K(T) being able to be 

taken, for example, from D.A. Nissen and D.E. Meeker, Inorg. Chem. 1983, 22, 716

721, p02 is the oxygen partial pressure and T is the temperature of the nitrate salt 

composition according to the invention.  

25 The calculated value of the molar concentration of the component Z2 is optionally 

reduced by 40%, preferably 20%, or increased by 20%, preferably 10%.
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The molar concentration of the component Z2 as calculated from the above formula 

is preferably used.  

However, it is possible, for example, for a particular amount of the nitrate present in 

5 the nitrate salt compositions according to the invention to be reduced to nitrite during 

the first start-up; for example by means of a) the following reductions: passivation of 

the metal parts, filler materials coming into contact with the nitrate salt mixture 

according to the invention or b) generation of a desired increased oxygen 

concentration compared to ambient air by nitrate salt decomposition. In these cases, 

10 it is advisable to reduce the calculated amount of nitrite Z2 by a certain amount.  

Examples of the proportion of the component Z2 in mol% in the mixture Z for 

particular value pairs of temperature/oxygen partial pressure are shown below and 

are based on the above formula: 

15 

Temperatur Partial pressure of oxygen 

e 

T/°C 0.2 0.25 0.3 0.35 0.4 p/atm 

500 1.6 1.4 1.3 1.2 1.1 mol% 

[1] 

505 1.8 1.6 1.5 1.4 1.3 mol% 

510 2.0 1.8 1.6 1.5 1.4 mol% 

515 2.2 2.0 1.8 1.7 1.6 mol% 

520 2.5 2.2 2.0 1.9 1.8 mol% 

525 2.8 2.5 2.3 2.1 2.0 mol% 

530 3.1 2.7 2.5 2.3 2.2 mol% 

535 3.4 3.0 2.8 2.6 2.4 mol% 

540 3.7 3.3 3.1 2.8 2.7 mol% 

545 4.1 3.7 3.4 3.1 2.9 mol% 

550 4.5 4.1 3.7 3.5 3.2 mol%
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Temperatur Partial pressure of oxygen 

e 

T/°C 0.2 0.25 0.3 0.35 0.4 p/atm 

555 5.0 4.5 4.1 3.8 3.6 mol% 

560 5.5 4.9 4.5 4.2 3.9 mol% 

565 6.0 5.4 4.9 4.6 4.3 mol% 

570 6.5 5.9 5.4 5.0 4.7 mol% 

575 7.2 6.4 5.9 5.5 5.2 mol% 

580 7.8 7.0 6.5 6.0 5.6 mol% 

585 8.5 7.7 7.0 6.6 6.2 mol% 

590 9.2 8.3 7.7 7.1 6.7 mol% 

595 10.0 9.1 8.3 7.8 7.3 mol% 

600.0 10.8 9.8 9.0 8.4 7.9 mol% 

605.0 11.7 10.6 9.79 9.1 8.6 mol% 

610.0 12.7 11.5 10.6 9.9 9.3 mol% 

615.0 13.7 12.4 11.4 10.7 10.1 mol% 

620.0 14.7 13.3 12.3 11.5 10.9 mol% 

[1] Concentration of nitrite Z2 in the nitrate salt composition Z 

Apart from the abovementioned substantial components, the nitrate salt composition 

Z according to the invention can also comprise small concentrations of further 

5 constituents, for example basic compounds selected from the group consisting of 

(i) alkali metal oxide Met20, where Met is preferably sodium and/or potassium, 

(ii) alkali metal carbonate, preferably sodium carbonate, (iii) alkali metal compound 

which decomposes to the alkali metal oxide or alkali metal carbonate in the 

temperature range from 2500 C to 6000 C, (iv) alkali metal hydroxide MetOH, in which 

10 Met is preferably sodium and/or potassium, (v) alkali metal peroxide Met2O2, in which 

Met is preferably sodium and/or potassium and (vi) alkali metal superoxide MetO2 in 

which Met is preferably sodium and/or potassium, in a total amount of the base 

equivalents in the range from 0.0001 to 1 mol%, preferably in the range from 0.001 to
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0.05 mol%, in each case based on the nitrate salt composition Z. Lower 

concentrations of base equivalents are usually employed at relatively high 

temperatures than at lower temperatures.  

5 The sum of all constituents of the nitrate salt composition Z according to the invention 

is 100 mol%.  

When used as heat transfer or heat storage medium in the first start-up of the heat 

transfer apparatuses according to the invention, preferably of solar-thermal power 

10 stations or salt bath reactors, particularly preferably of tower power stations, the 

nitrate salt composition Z according to the invention is heated to a maximum 

operating temperature in the range from 500 to 6200 C, preferably in the range from 

550 to 5800 C.  

15 The nitrate salt composition according to the invention goes over into the molten and 

usually pumpable form at a temperature above from about 100 to 300C, depending, 

inter alia, on the nitrite content and the ratio of the cations forming the mixture.  

In the first start-up of the heat transfer apparatuses according to the invention, the 

20 fresh nitrate salt composition Z according to the invention, i.e. the nitrate salt 

composition Z which has not yet been heated to a temperature in the range from 500 

to 6200C, is usually mixed in a melting apparatus which is provided with heating and 

crushing device and is usually arranged separately but connected to a heat storage 

vessel of the solar-thermal power station and melted by slow heating and introduced 

25 as melt into the heat transfer apparatus according to the invention.  

The melting temperature is usually in the range from 220 to 3500 C and is generally 

not high enough to bring about considerable decomposition of the nitrate salt 

composition according to the invention.  

30 The heat transfer apparatuses according to the invention are then supplied with this 

melt. In the first start-up of the heat transfer apparatuses according to the invention,



13 

this melt is then heated to the maximum operating temperature in the range from 500 

to 6200C.  

The abovementioned disadvantages in a conventional first start-up can be avoided 

5 by use of the nitrate salt composition according to the invention. The first start-up of 

the heat transfer apparatus according to the invention can be configured so that the 

gas phase over part of the surface or over the entire surface of the nitrate salt 

composition according to the invention is (a) in communication with the ambient air, 

which is here or in the specialist field also referred to as "open mode of operation", or 

10 (b) without exchange with the ambient air, also referred to as "closed mode of 

operation".  

In an open mode of operation, the partial pressure of oxygen over the salt melt at the 

end of the start-up attains a value of 0.21 atm. In a closed mode of operation, the 

15 desired oxygen partial pressure over the nitrate salt composition can be adjusted. For 

example, the oxygen partial pressure can be selected so that it is in the range from 

0.2 to 0.4 atm.  

A preferred embodiment of the first start-up of the heat transfer apparatuses 

20 according to the invention is described below.  

A preferred heat transfer apparatus is a solar-thermal power station, particularly 

preferably comprising heat stores for accommodating the nitrate salt composition 

according to the invention at different temperatures.  

25 

In one variant, the heat store usually consists of at least two, preferably two, large 

vessels, in general a relatively cold vessel and a hotter vessel (also referred to as 

"two-tank store"). The nitrate salt composition according to the invention is usually 

taken, preferably in the molten state, for example as pumpable liquid, from the 

30 relatively cold vessel of the solar-thermal power station and, for example, heated in 

the solar field of a parabolic trough plant or in a tower receiver of a tower power
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station. The hotter molten salt mixture which has been heated in this way is usually 

conveyed into the hot vessel and stored there until there is a need to generate 

electric energy.  

Another variant of a heat store, known as a layered store, consists of one vessel in 

5 which the heat storage medium is stored in layers having different temperatures. On 

removal from the store, material is taken from the cold region of the store. The 

material is heated and returned to storage in the hot region of the store. The layered 

store is thus used in a manner largely analogous to a two-tank store. In thermoclinic 

stores, solid filler materials are also used as heat storage media in layered stores.  

10 Thermoclinic stores are also utilized in a manner analogous to two-tank stores.  

An example of such a solar-thermal power station is depicted in figure 1. In the first 

start-up of such a solar-thermal power station, the relatively cold heat storage vessel 

of the solar-thermal power station and also the other parts of the solar-thermal power 

15 station which are in contact with the nitrate salt composition according to the 

invention are, usually just above the melting temperature, filled to a certain level with 

the fresh nitrate salt composition according to the invention. Here, the parts of the 

power station which are contacted by the nitrate salt composition according to the 

invention are preheated, for example by means of electric heaters or gas burners, to 

20 such a temperature that solids formation which would interfere in process 

engineering terms does not occur on contact of the salt melt with plant parts.  

When utilizable amounts of nitrate salt composition according to the invention have 

been introduced and melted, solar energy can also be used for further melting of the 

25 salts by the salt melt being further heated to significantly above the melting range by 

means of the solar receiver. Heat energy which can be utilized for melting further 

amounts of salt is stored in such a melt.  

When the intended amount of nitrate salt composition according to the invention has 

30 been completely melted, the start-up of the solar-thermal power station can proceed 

further. The nitrate composition according to the invention is then conveyed over or
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through the receiver of the solar-thermal power station and heated. During this 

procedure, it attains the desired maximum operating temperature in the range from 

500 to 6200 C.  

5 The first start-up of the solar-thermal power station is generally concluded as soon as 

the nitrate salt composition Z according to the invention as heat transfer or heat 

storage medium has been brought to the desired operating temperature in the range 

from 500 to 6200C and the solar-thermal power station assumes its intended function 

in ongoing operation without the composition of the nitrate salt melt changing 

10 significantly as a result of oxygen being given off. This process is significantly shorter 

than the previous start-up procedure, which usually takes up to several months.  

Examples of such solar-thermal power stations are parabolic trough power stations, 

Fresnel power stations and preferably tower power stations.  

15 

In a well-suited embodiment, the nitrate salt compositions according to the invention 

are used, preferably in the molten state, for example as pumpable liquid, either as 

heat transfer medium or as heat storage medium in the solar-thermal power stations, 

for example the parabolic trough power stations, the Fresnel power stations or 

20 preferably tower power stations.  

In a further well-suited embodiment, the nitrate salt compositions according to the 

invention are used, preferably in the molten state, for example as pumpable liquid, 

both as heat transfer medium and as heat storage medium in the solar-thermal 

25 power stations, for example the parabolic trough power stations, the Fresnel power 

stations or preferably the tower power stations; this process variant is also referred to 

as "direct molten salt" (DMS) in the technical field.  

For example, the nitrate salt compositions according to the invention are used, 

30 preferably in the molten state, for example as pumpable liquid, as heat transfer
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medium and/or as heat storage medium, particularly preferably as heat storage 

medium, in tower power stations.  

During use of the nitrate salt compositions according to the invention, preferably in 

5 the molten state, for example as pumpable liquid, as heat transfer medium in the 

solar-thermal power stations, for example the parabolic trough power stations, the 

tower power stations, the Fresnel power stations, the heat transfer media are 

conveyed through tubes heated by means of solar energy. Here, they usually convey 

the heat arising there to a heat store or to the heat exchanger of the steam heater of 

10 a power station.  

The hot nitrate salt composition according to the invention is then usually taken off in 

the molten state, for example as pumpable liquid, from the relatively hot vessel of the 

heat store or the relatively hot region of the layered store and pumped to the steam 

15 generator of a steam power station. The steam which has been produced there and 

has been pressurized to above 100 bar generally drives a turbine and a generator to 

supply electric energy to the power grid.  

At the heat exchanger (salt-steam), the nitrate salt composition according to the 

20 invention in the molten state, for example as pumpable liquid, is generally cooled to 

about 290 0C and usually conveyed back into the relatively cold vessel of the heat 

store or the relatively cold part of the layered store. When transferring heat from the 

tubes which have been heated by solar energy to the store or to the steam generator, 

the nitrate salt composition according to the invention in molten form acts as heat 

25 transfer medium. When introduced into the heat storage vessel, the same nitrate salt 

composition according to the invention acts as heat storage medium in order to 

make, for example, demand-driven generation of electric energy possible.  

However, the nitrate salt composition according to the invention is, preferably in 

30 molten form, also employed as heat transfer medium and/or heat storage medium, 

preferably heat transfer medium, in chemical process engineering, for example for
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heating reaction apparatuses of chemical production plants where a very high heat 

flow generally has to be transferred at very high temperatures with only small 

fluctuations. An example here is salt bath reactors. Examples of the production plants 

mentioned are acrylic acid plants or plants for producing melamine.  

5 

The present invention also provides a process for the first start-up of an apparatus in 

which a heat transfer or heat storage medium is used at a temperature in the range 

from 500 to 6200C and an oxygen partial pressure over the nitrate salt composition in 

the range from 0.1 to 1.0 atm by introducing the heat transfer or heat storage 

10 medium into the apparatus and heating it up by means of a heat source, wherein the 

heat transfer or heat storage medium comprises a nitrate salt composition Z 

comprising Z1 at least one alkali metal nitrate and optionally alkaline earth metal 

nitrate and also Z2 at least one alkali metal nitrite and optionally alkaline earth metal 

nitrite in an amount of Z2 in the range from 1.1 to 15.0 mol% based on the sum Z1 

15 plus Z2 and the molar amount of the alkali metal nitrite and optionally alkaline earth 

metal nitrite for a desired temperature selected from the range indicated above and 

for a desired oxygen partial pressure selected from the range indicated above is 

calculated by means of the following formula: 

Ks(T) Xnitrite = 
1{6(T)±+ 

20 

where the variables have the abovementioned meanings and the calculated value of 

the molar concentration of the component Z2 is optionally reduced by 40% or 

increased by 20%.  

25 Otherwise, the preferred embodiments described in the present description and the 

dependent claims expressly apply to the features of the last-mentioned subject 

matter of the present invention.
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An advantage of the nitrate salt composition according to the invention and its use according 

to the invention in the first start-up of the heat transfer apparatuses according to the 

invention, preferably solar-thermal power stations, in particular tower power stations, is that 

the heating up of the nitrate salt composition according to the invention to the maximum 

5 operating temperature (a) occurs more quickly than when using nitrate salt mixtures of the 

prior art and (b) is not associated with the evolution of large amounts of gases, in particular 

oxygen, and, for example, the risk of damage to solar receivers of solar-thermal power 

stations, in particular tower power stations, due to overheating is thus reduced and 

(c) nitrogen oxide emission into the environment is suppressed or reduced. A further 

0 advantage (d) of the nitrate salt mixture according to the invention is that a smaller amount of 

salts than is customary according to the prior art can be introduced into the apparatuses 

according to the invention, for example solar-thermal power stations, because the 

decomposition of the salt mixture and thus the reduction in the amount is decreased.  

5 It is to be understood that, if any prior art publication is referred to herein, such reference 

does not constitute an admission that the publication forms a part of the common general 

knowledge in the art, in Australia or any other country.  

In the claims which follow and in the preceding description of the invention, except where the 

0 context requires otherwise due to express language or necessary implication, the word 

"comprise" or variations such as "comprises" or "comprising" is used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the invention.  

17051634_1 (GHMatters) P109785.AU
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Claims 

1. A process for the first start-up of an apparatus in which a heat transfer or heat storage 

medium is used at a temperature in the range from 500 to 620°C and an oxygen partial 

5 pressure over the nitrate salt composition in the range from 0.1 to 1.0 atm by 

introducing the heat transfer or heat storage medium into the apparatus and heating it 

up by means of a heat source, wherein the heat transfer or heat storage medium 

comprises a nitrate salt composition Z comprising Zi at least one alkali metal nitrate and 

optionally alkaline earth metal nitrate and also Z2 at least one alkali metal nitrite and 

0 optionally alkaline earth nitrite in an amount of Z2 in the range from 1.1 to 15.0 mol% 

based on the sum Zi plus Z2 and the molar amount of the alkali metal nitrite and 

optionally alkaline earth metal nitrite for a desired temperature selected from the range 

indicated above and for a desired oxygen partial pressure selected from the range 

indicated above is calculated by means of the following formula: 

5 

X ~K. 6(T) 
Nitrite =KJ(T) + 

where the variables have the following meanings: 

Xnitrite is the mole fraction of nitrite in a nitrite/nitrate mixture, 

K 6(T) is the temperature-dependent equilibrium constant of the reaction 

20 nitrateO nitrite + M½oxygen (NO3- O NO2 +½ 02), PO2 is the oxygen partial pressure 

and T is the temperature of the nitrate salt composition, 

and the calculated value of the molar concentration of the component Z2 is optionally 

reduced by 40% or increased by 20%.  

17051634_1 (GHMatters) P109785.AU
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2. The process according to claim 2, wherein the heat transfer and/or heat storage 

medium is used in power stations for generating heat and/or electric energy or in 

chemical process engineering.  

5 

3. The process according to claim 1 or claim 2, wherein the power stations for generating 

heat and/or electric energy are solar-thermal power stations.  

4. The process according to claim 3, wherein the solar-thermal power stations are of the 

0 tower power station type.  

5. The process according to claim 3 or claim 4, wherein the solar-thermal power stations 

comprise at least two heat storage vessels for accommodating nitrate salt compositions 

Z at different temperatures, as defined in claim 1.  

17051634_1 (GHMatters) P109785.AU
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