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Nitrate sall compositions comprising alliall metal carbonale and their use g8 haat fransfer
medism or heat slorage medium

Description

The present invention relates 1o nitrale salt compositions as defined in the claims, and also {o
iheir use as heal ansfer medium andior heat storage medium as likewise defined in the daims.

Heat ransfer madia or heat siovage medis based on inorganic solids, in particular salls, are
known both in chemical tschnology and in powar stalion enginesring, They ars generally ussd
at high lemperatures, for example above 10070, thersfore sbove the bolling point of water at
aimospheric prassurs,

For example, salt bath reactors are used at temperatures of from about 200 1o 380°C in
cherrdcal planis for the indusivial preparstion of various chemicals,

Heat ransfer media ars media which are hesled by a heat source, for sxample the sun in solar
thermal power stalions, and ransport the haat present thereln over g pardiculer distance, They
can then fransfer this heat to ancther medium, for example waler or a gas, prefarably via heal
exchangers, with this other medium then belng able o drive, for sxample, 8 lurbine, However,
heat transier media can also ransier the heaat present tharein (o another medium, (o sxample
a salt mell) present in a stock vesssl and thus pass on the heat for storage. Howsver, heat
transfer media can also themselves be fed inlo 2 stock vessel and remain there, They are then
themsedves both heat transfer media and heatl slorage media,

Heat stores comprise heat storage media, usually chemical compositions, for sxampls the
mixiures aocording to the invention, which can stors 8 quandily of heat for a particudar time. Hesl
stores for fuld, preferably liouid, heat slorage medis are usually formed by a fixed vessel which
iz preforably insulated against heatlloss.

A still relatively new field of spplication for heat ansfer media or hea! storage media are solar
thermal power stations for gensrating electric energy, in these, fooussd solar radiation heals a
heat ransfer medium which passes #s heat on via & heat exchanger o water and thus
generates steam which drives a turbine which ultimately, a5 in a conventional electric power
station, drives a generator 1o generate sleciic ensrgy.

Thrae lypes of solar thermal power siations sre of particular imporance;
the parabolic trough power siation, the Fresnel! power siation and the lower power siation.

in the parabolic trough powsr slation, the solar radiation Is focused via parabolic mirror grooves
into the focs) ine of the mirrors. There, there is 2 Wube filled with 3 hest transfer medium, The
heat ransfer medium is heated by the solgr radintion and flows to the heal sxchanger where it
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releases is heat, s described sbove, in order o generaie sieam.

I the Fresned power sialion, the solar radiaticon is focused by means of generally fiat mirrors
onte 3 focsl ine. Thers, there is a ube through which a heat! transfer medium flows. In contrast
it the parabolic rough power station, the mirgr and the ube do not bintly foliow the position of
the sun, but instsad the seiting of the mirrors (s adiusied ralative to the fixed ube, The setting of
the mirrors foflows the position of the sun 3o that the fixed lube s alwavs in the focalline of the
mirrors. in Fresnel power siatlons, oo, moltesy salt can be vsed as heat transfer medium. Sall
Fresnel nower sialions are af presant largely silll being developed. The gensration of sleam in
the salt Fresnsl power station s camisd out analogously to the parabolic rough power station.

in the cass of the solar thermal lowsr power station, 2 towsr is rinoed by mirrors which focus the
solar radistion onio a ceniral receiver in the upper part of the lower, in the receiver, 3 haal
transfer medium Is heated (o produce steam in order 1o generate slecliric snergy via hest
ransfer media in 8 manner anglogous to the parabolic trough power slation or Frasnal power
station,

Al present, an organic heal ransfer medium compoesed of diphemyd ether and bigheny, also
referred to a3 "thermal ol ls used in the parabolic trough power station. However, this heat
transfer medivm can be used only up to 400°C since | decomposes during prolongsd operation
shove this rangs.

However, i is desirabls o increass the temperaturs of the heal ransfer medium on arval in the
heat sxchanger of the sieam generator {the steam endry lemperaiure) 1o above 400°C sings the
efficiency of the steam lurbine is then Increased (81 3 sleam entry lemperature of 400°C, the
Carnct efficiency is about 42%; 8t 300°C, for example, it increases (o above about 50%;,

if 8 midure of about 80% by weight of sodium nilrale (NaNGs) and about 48% by weight of
potassivm nifrale (KMNO:) s used a3 heat ransfer medium instead of the organic heat ranster
madium, as has already bean implemented I solar thermal tower powsr slations, this can be
heated fo 2 maximum of aboul 365°C in the long tarm. Above this lemperaturg, the nilrals
mixiure mentioned also decomposss over time, gensrally with relsass of nitrous oxides, usually
nitrogen monoxides andior nitrogen dioxide.

it would in principle be guite possible technically 1© heat the heat ransfer media in solar thermal
power stations 1o temperatures of about 8530°C, for exampls at the focal point of & lower power
siation, and thus achisve higher efficisncies of the sisam urbine, similar to the cass of fossil
fushiired powsr stations.

it is thersfore desirable lo increase the thermal stability of heat transler madia in long-lerm
operatiog (o above abowul 885°C.
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i Is very desirable o match the genaraim of slectric snargy in & solar thermal power stalion,

regardiess of which lype, 1o the demand on the grid. This is mades possible, for sxampls, by
haat being stored during times of high incident solar radiation and being able o be ulilized to
generate slectric snergy whan required alter sundown or during phases of bad weather,

The storage of hest can be effected directly by storage of the healed heal ransfer medium in
generally well insulsied siock tanks or indirectly by transfer of the hest from the heated heat
fransfer medium o another medium (hest store), for example in g sodium nitrate-potassiom
niirate zall mai

An indirect method has been realized in the 50 MW Andasol | power siation In Spain, where
about 28 500 metric tons of a mell of sodium nitrale and potassium nitrsle (8040 In % by
weaight) are used as heal storage in a well insulsted tank, During perinds of ncident sclar
racliation, the mel is pumped from a redatively cool ank (aboud 280°0) via 5 thermal oll-sall heat
sxchangsr o 3 hotler fank and in the procsss heated (o about 380°C. Hers, heal energy is
withdrawn from the thermal ol (bers funclioning as hest ansfer medium) via @ heat exchanger
and introduced int the sall mell hermal oll-sall hea! exchanger). During tmes of low incident
sular radiation and at nighl, the power sistion can be opsrated under full load for about

7.5 hours when the heat store is fully charged.

Howevar, it would be advantageous o uss the heal bransfer medium a3 hest storage medium
a3 well, since the corresponding thermel oib-sait heat exchangers could be saved in this way.

in addilion, possible contact of the thermal oil, which has reducing propertiss, with the sirongly
oxidizing nitrate mel could be avaidsed in this way, Owing o the significantly higher prics of the
tharmal off comparsd 1o the sodium nitrale-polassium nitrate melt, thermal ol has hitherlo not
heen considered 33 heat stors.

it i an object of the Invention o provide a readily available, mproved nlirste salt composition as
heat transfer medium and/or heat storage medium which can be used in long-term operation at
sievated temperaturs, praferably above 885°C, with the release of nitrous oxides, usualy
nitrogsen monoxide andfor nitrogen dioxide, baing reduced or suppressed,

A nifrate mbdure composed of about 50% by welght of sodium nirate (NaMO:) and about 40%
by weight of polassium nitrate (KNGs) s, for example, offered for sale under the name Hitec®
Sotar Ball by Coastel Chemical Co., LL.C. This product is offered for use as heat ransfer
medium or haal storage medium, B can, in addition o further componenis, compriae small
amounts of up to & maximum of 0.15% by weight of sodium carbonats (NaeUOs) (product
information sheet Hileo® Solar Sait),
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For reasons of simplicity, the nilrate salt compositions defined iy the description and in the
claims, sspecially thelr praferved and particularly preferred embodiments, will hersinafior also
be referred fo as "nilrate salt composition of the invention”.

Thea nitrate salt composiion of the invention comprisses an alkall melal nitrats and optionally an
alkall matal nitrite as significant constiluents AL

The alkall metal nitrale hare is 3 nitrate, praferably a virlually water-lree nitrats, particularly
preferably a nitrate free of waler of orystaliization, of the metals lthivm, sodium, potassium,
subidium or cesium, generally described as MeiNG;, where Mei represents the sbove-desaribed
afkali metals; the tenm alkall metal nitrale encompasses both a single nitrale and mikiures of the
nitrates of thess metlals. for example polassium nitrale plus sodium nilrate,

The aikali meial nilrite here 5 a nilrile, preferably a virtually waler-free nilrlile, particulardy
preferably 2 nitrile which is frees of water of crystaliization, of the alkall melals lithium, sodium,
podassiom, rubidium and cesium, generally described as MetNG,, where Metl reprosenis the
above-described alkall metals. The alkall medsl nittlle can be presant as single compound or
plse as a midure of various alkall metal nitriles, for example sodium nitrlls plus potassium
nitrite,

The constiiuant &) is present in a lotal amount In ths range from 80 to 88.84% by weight,
praferably in the range from 85 lo 99.84% by waight, particularly preferably in the rangs from 88
o 89.8% by weight, very particularly preferably in the range from 98 to 88.8% by weight, In sach
pase based on the nilrals sait composition of the invention.

The constituent A} can comprise an alkall metdd nitrite, as desoribed above, In an samount in the
ranga from 0 o 50% by waight, preferably in the range from 1 o 10% by weight, particularly
praferably In the range from 2 1o 5% by welght, in sach case hased on the constiluent AL

& wellsuited aliall metal nitrale component MetlOy of the gonstitusnt A} Is composed, for
gxampls, of

A1) polassium nitrade In an amount in the range from 20 1o 55% by weight,
A2} sodium nitrale In an amound in the renge from 45 1o 80% by weight, In each case baged on
the alkali meial nitrale component MethO, of the constituent A},

A wall-sulted alkall metal nitrite component MetNQ: of the constifuent A} is composed, for
axampls, of

A1) potassium nitrile In an amount in the range Trons 20 (o 55% by weight,
A2} sodium pilrite in an amount in the range from 45 {o 80% by weight, in each case based on
the aikall metal nilrite component MelblUh: of the constiuent &),
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in a further embodiment of the niirale sait composition, the constitusnt A comprises only one
tvpe of alkalt melal nitrale, for example polassium nitele or sodium nilrale,

The nitrate salt composition of the invention further comprises, as significant constiiuent B}, an
aikall metal compound selected from the group B} alkali metal oxide Met:O, in which Mstis
Ethium, sodium, potessium, rubidium, cesium, preferably sodium andfor potassium, B2) skl
metal carbonate, B3} aikall matal compound which decomposes infe alkall metal oxide or alkell
metal carbonate in the lempersiure ranges from 250°C to 800°C, B4) aliall meatal hydroxide
MetOH, in which Met is Bhium, sodium, polassium, rubidium, cesium, preferably sodivm andfor
potassium, BE) alkali matal peroxide bMetyOs, in which Met is lithium, sodium, potassium,
subidium, casium, preferably sodium andfor potassium, and BE) alkall metal superoxide MelQs,
in which Met Iz sodium, potassium, rubidium, cesium, preferably sodium andfor potassium, ina
total amound in the range from 0,18 to 10% by waeight, preferably in the range from 018 10 8%
by weinhi, particularly preferably in the rangs from 0.2 to 5% by weighl, very particulardy
preferably in the range from 0.2 to 2% by weight, in sach case based on the nitrate salt
composition,

Praference is given to alkall metal compounds B3} which decompose inte alkall melal oxide,
preferably sodium oxide, or into alkall metal carbonate, preferably sodium carbonate, at the
typical high operating lemperatures of nitrale sall mells In 2 solar thermal power station, fe. al
from 250° o 800°C, preferably from 300°C o 800°C, under the corresponding oxidizing
condifions, Examples of such slkall metal compounds are alkall metal salls such as lithium,
sedium, potassium, rubddiun or cesium salts of carboxylic acids such as fonmic ackd, acetic aoid,
oxatic acld, for example sodium formate, sedium acelate, polassium oxalate.

The nitrate salt composition of the Invention comprises as praferved significant constituent B) an
atkall metal carbonale in a tolal amount in the range from 0,18 to 10% by weight, preferably in
the range from 0,18 to 5% by weight, particularly preferably in the range from 0.2 to 5% by
waight, very paricularly preferably in the rangs from 0.2 10 2% by weight, in sach case based
on the nitrale sail composition

The alikall metsl carbonate s a carbonate, preferably a virtually waler-free carbonate, of the
alkall metals Bhivm, sodium, potassium, rubldium and cesium, generally described as MebCO;,
where Msl represants the sbove-described alkall metals, The alkadi metsl carbonais can be
oresent as single compound or slse as g mizture of various alkall metsl carbonates, for example
sodium carbonale plus polassium carbonats.

in s welb-sulled embodiment of the nitrale salt composition, the constituent B} is formed virtually
exclusivaly by allall metal carbonate Met:00;, preferably by sodium carbonale NasCO; aither
alone or together with further alkali mets! carbonales selscied from the group consisting of
fithium carbonate LCO;, potassium carbonsts K00, rubldium carbonate RbaU0s, ceslum
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carbonate Cs:00,, preferably thium carbonate LbCO; andfor potassium carbonste KO0,

The amound of constifuent B), preferably alkall metad carbonats, in particular sodium carbonale,
present in the nitrete sall composition of the invention should, according 1o the present stale of
knowlsdge, be not less then 0.18% by weight, preferably 0.2% by weight, since otherwise the
stabilizing sffect of the constitusni B}, preferably the alkall metal carbonats, s lost,

Tha amount of constitusnt B, preferably alkall metat carbonate, in particular sodium carbongle,
prosent i the nilrate sall composition of the invention should nol exceed 10% by weight,
proferably 5% by weight, particularly preferably 2% by weight

At higher contents of constituent B), preforably alkall metal carbonate, there is 2 risk that
particles of the constituent B}, preferably alkall matal carbonatle parlicles, which are, for
example, oo large andlor are not dissolved in the melt of the nitrale sall composition of the
invention oan give rise o malfunclions in the piping, pump and apparatus system of the solar
thermal power station or the chemical plant,

The upper limit o the content of constifuent B}, preferably the alkall metal carbonate content, of
the nitrate sall composition of the invendion can be influenced by various parameters, for
aexample the temperaturs of a corresponding mslt of the nibate salt composition of the invention
ar the precise composition thersof,

Apart from the abovementioned significant componsants, the nitrale sall composdtion of the
irpventtion can additionally comprise fraces of impurities, for example sodium chioride, sodium
sulfate, calclum oxide, magnesium oxide, silicon dioxids, aluminum oxide, non oxide or waler,
The sum of these impurities is generally nol more than 1% by weighl, based on the nitrate sall
sompaosition of the Invention,

The sum of gl constitusnts of the nitrate sall composition of the nvention is 100% by weight.

The nitrate salt composition of the Invention goes over inlo the molten and usually pumpable
form at 2 termpsrature above from about 150 to 300°C, depending, inter alia, on the nitrite
content and the ratio of (he cations forming the constifuent &) andfor B).

The nitrate salt composition of the invention, prefarably in molten form, for example a8
pumpable liould, Is used as heat ransfer medium andfor heat slorage msdium, preferably in
power stations for generating heat andior sleclriclly, in chemical process enginsering, for
sxample in 53kt bath regciors, and in metal hardening plants,

Examples of power stations for generaling heat andfor sleclric energy are solar thermal power
stations such a3 parabolic trough power stations, Fresnel power stations, lowsr power slations,
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I 8 well-suiled embodiment, the niltate salt compositions of the invention are ussd, prefershly
in the mollen slats, for sxample as pumpabie lguld, both as heal ransfer medium and as heal
storage medium in the solar tharmat power siations, for example the parsbolic trotioh power
stations, the tower power siatlons or the Freane! power slations.

in a further wall-sultad smbodiment, the nitrale sall compaositions of the invention are used,
preferably in the molien state, for example as pumpabile lquid, either as heat fransfer medium
or s heogt siorage medium in the solar therme! power stations, for exgmple the parabolic trough
power stalions, the lower power stalions, the Fresnel power stations.

For sxample, the nitrale salt compositions of the invention are used, preferably in the molten
siate, for sxample as pumpabls lquid, in tower power siations as bheat fransfer medium andfor
as heatl storags medium, particulardy preferably a5 heal ransfer medium.

When the nifrade salt compositions of the invention are used, preferably in the mollen siate, for
axampls as pumpable lguid, as hest ransfer medium in the solar thermal power stations, for
example the parabolic rouoh powsr stations, e lowser power stations, the Fresnel nower
stations, ths heat transfer mediz are conveved through tubss healed by the heat of the sun,
They usually convey the heat ardsing there 1o a heat store or {o the hest exchanger of the steam
heater of a power siation.

The heat stors gensrally comprises bwo large vesssls, normally 2 cold vessse! and a hot vessel
The nilrate salt composition of the invention, preferably the mollen slate, for example as
pumpabde quid, is usually taken from the cold vesseld of the solar plant and healed in the solar
fleld of a parabolic rough plant or & fower receiver, The hot molien salt mixiure which bas bheen
heated in this way is usually conveyed into the hot vessel and stored there until thers is demand
for the production of slsctric energy.

The hot nitrale sall compositions of the Invention are then usually taken off in the molten siats,
for example a5 pumpable liguid, from the hot lank and pumped o the sieam generalor of a
steam power siation, The sieam produced there and pressurized to above 100 bar generally
drives g furbine and g generglor which supplies sloclrc sneray (o the sleckicily grid

At the steam generator, the nilrate sall composifions of the invention are generally cooled I
about 200°0 In the molten stale, for example as pumpabile liguid, and usually conveved back
into the cold tank, When ransferring heat from the tubes heatsd by heal fom the sun lo the
slore or to the steam generator, the nilrale salt composition of the Invention in molten form acls
a5 hoat transfer medium. inbroduced info the hast slorage vessel, the same nilrals sait
composition of the invention acis as hea! storage medium in order to make demand-orientsed
production, for example, of elschic energy possibie,

Howsaver, the nitrate sall composition of the invendion s, preferably in molien form, slso used a8
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heat iransfer medium andfor heat sioreage medium, preferably heat transfer medium, In
chemical process sngineering, for example for healing reaction apparatuses of chemicat
praduction plants whers, i general, & very large heat Row has to be ransforred af very high
temperatures within narrow fuctuation mits. Exaniples are salt bath rsaciors. Examples of the
shoverngrtionsd production plents are aorviic acid pleants or phants for produsing melamine.

Examples
Example 1

500 o of solar salt {300 g of NaNDs, 208 g of KNG wers admbosd with 8 ¢ of sodium carbongte
{corresponding to 0.11% by mass of carbon and hested o 300°C In & siainless stesd vesssl,

& g of MO mived with 5 | of water- and carbon dioxkide-Tree akk were subsequently intreduced info
the mell over 3 period of one hour, Analysis of the mell after the end of the experiment gave a
iotal carbon content of 0.031% by mass. In this experiment, 2 g of MO squivalents wers able i
be boursd by conversion of the carbonale.

The nitrstednitite ratlo (o % by weinht) had nol changed sionificantly, a3 was confirmead by wet
chanmiical analveis of the corresponding lons.

Example 2

500 g of HITEC® {358 g of NaNOs;, 265 g of KNG;, 200 g of NaNQ) were admizedwith Sgof
sotium carbonste (corresponding o D% by mass of carbonl and healed  30°0 In &
siainless steel vessel, 15.2 g of NO mixed with 10 | of waler- and carbon dioxids-free alr wers
subsequently iniroduced inlo the mel over & period of two bours. The originglly insoluble
sodium carbonale was complelely dissolved afler the sxperiment, Qnalysis of the mell indicated
a total carbon content of 0.02% by mass. In this sxperiment, 2.3 g of NO suulvalents were able
i be bound by conversion of the carbonate.

The nitrate/nitrite ratio {in % by weight) had not changed significantly, as was confirmed by wat
chemical analysis of the coresponding ions.

Example 3

500 g of solar salt (300 g of NaMQO,, 200 g of KNG were admixed with 5 g of NaOiNa:B;
{80:20) and heated o 400°C In a stainiess stesl vessel, 10.4 g of NO mived with 51 of waler-
aod carbon dioside-free air were subseguently Infroduced into the melt over 2 period of

one hour, Alter hydrolysis, the hydroxide content of the salt mell was below the deleclion limit
{< 0.1 g/100 gl in this experiment, 4.8 g of NG equivalents wers thus able o be bound by
convarsion of the oxids.

The nilrateinilrite ratio {in % by weight} had not changed significantly, a5 was confirmed by wet
chemical ansbysis of the coarresponding lons.
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Example 4

500 g of solar sait (300 g of NaNO», 200 g of KNG were admized with § g of NaOH and heatled
o 300°C In a slainless stee! vessel. 12.8 g of N, greatly diluted with 801 of waler- and carbon
dioxide-frae alr, were subseguently infroduced inle the mell. After hydrolysis, the hydroxide
content of the salt melt was 0.1 /100 . In this experiment, 4.4 g of NO; equivalents were thus
abis io be bound by conversion of the hyvdroxide,

The nitrate/nilrite ratio {in % by weight) had nol changed significantly, as was confsmed by wal
chemical analysis of ihe corresponding ons.

Example 5

800 g of HITEC® (35 g of NalNO;, 285 g of KNG;, 200 g of MaNQO,) were sdmixed with 8 g of
NaOH and heated fo 200°C in a slainless steel vessel 15.3 g of NG mixed with 10 | of waler-
and carbon dioxide-fres alr wers subssguently infrodussd info the melt. Alter hydrolysis, the
hydroxide content of the melt was below the detection Bmit (< 8.1 g/180 g}. in this experimend,
§ g of NQ equivalents were abie fo be bound by conversion of the hydroxide,

The nitrale/nilrile ralio {in % by weight) had not changed significantly, as was confirmed by wet
chemical analysis of the corrssponding fons.

Examples 1 io 5 show that the alkall metsl compounds B} according o the wvention bind
nitrogen oxidges at high temperaiures without the nitrste/nilrite ratic changing.

Example 8

Comparative experiment without aikall metal compounds B) scoording 1o the invention

100 g of HITECE (7 g of NaNQs, 53 g of KNG, 40 g of NaNOt wers hested 0 8858°C in g
stainiess steal ube and mainiained at this temperature {2 5 K for 2.5 howrs, 10 ¥h of argon
weors passed over the mell in order 1o convey the gases formed into two wash bolties, The bwo
wash hotties were flied with 135.6 and 151.2 g. respectively, of hydrogen peroxide solution
{3%}. Anglysis of the tolal nitrogen content indicated 22 and 5 mofkg, respectively, in the
solutions, corresponding o & total amount of 7.7 mg of nilrogen or 16.8 mg of NO, which weare
given off from the aalt melts.

Experiment according o the invenlion

in the same sxperimental sel-up, 100 g of HITECE {7 g of Nabl,, B3 g of KNG, 40 g of
MalQ:) together with 1 g of Na: 00y were heated 1o 80070 and mainiained al this lemperasturg
{+ 5 K} for 2.5 hours in a second experiment, 10 Uh of argon wers likewise passed over the meit
in order to convey the gases formed into bwo wash botlles. The two wash bolllss wers filled with
148,2 and 1484 g of hydrogen peroxide solution {3%). Analysis of the tolal nitrogen content
indicated 9 and 7 mgfkg, respectively, in the solulions, corresponding 1o & tolal amount of
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4.8 mg of nitrogen or 10.2 mg of NGO, wh;s;: re given off from the sall melis,
it was thus abie to be shown thal 1% of mdmm carbonats as addilive in HITECS reduces the
Eberation of mitrogen oxides by sbout 40% by weight,

Example 7
Comparstive experiment withoul alkall metsl compounds B} according to the invenlion

100 g of solar salt {80 g of NalNQy,, 40 g of RNO.) wers heated o 800°C over a period of

2 hours in 8 sieiniess stesl ube and maintained sl this lemparsture (B K for 1 howr. S bh of
waler- and carbon dioxide-free air were passed over the melt in order to introducs the off-gases
formed into 2 scrubbing tower. Alter the end of the experiment, the apparatus was Tushed with
argon for half an hour. The sorubbing lower was Bled with 87 g of sorubbing solution composed
of 0.1 moli of KMnQ, together with 0.2 molfdl of NaQH In waler, &nalysis of the tolal nitrogen
content indicated 51 mgfke in the solution, corresponding 1o a total amount of 2.8 mg of nilrogen
or 8.2 my of NG, which wera given off from the sall mells,

Experiment scoording o the invention

i the same sxperimentsd set-up, 100 g of solar sall togsther with 1 g of NexOO; {corresponding
o 0.11% by mass of carbon} were heated to 800°C over & perod of 2 hours in & siainless siss!
iube and mainiained at this lemperature {2 5 K for 1 hour In 3 second experimant, S¥h of
water- and carbon dicxdide-fres gy wers passed aver the mell In order io Introduce the off-gases
formed indo 5 scrubbing lowsr. Alfler the end of the sxperiment, the apparatus was flushed with
argon for half an hour, The scrubbing towsr was filled with 56 g of scrubbing solulion composed
of 8.1 molf of KMnO, logether with §.2 mold of NaOH in waler, Analysis of the tolal nitrogsn
content indicated 34 mo'ky in the solution, corresponding o 3 total amount of 1.9 mg of nifrogen
ar 4.1 mg of NG, which were given off from the sall mells,

it was thus able to be shown that 1% of sodivm carbonale as additive in solar sall reduces the
fibaration of nilrogen oxides by abowt 30%.

Examples 8§ and 7 show that the alkall metsl compounds B according o the invention greatly
raduce the libsration of nitrogen oxides at very hicgh lemperslures.
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A nitrate salt composition comprising a3 significant constitients

A} an olksli melal olirate and optionaily an slkall metal ndirite In a lolsl amount in the
rangs from 80 o 99.84% by welght and

8 an alkall metal compound selected from the group B1) alkal meisl oxids, B2 alkal
metal carbonate, B3} alkall metal compound which decomposes into aliali metal oxide
or aikall molal carbonate in the tempersture range from 250°C to 860°C, B4 slkal
metal hvdroxdde MelOH, in which Met is Bihium, sodium, polassium, rubidium, cesium,
88} alkall meatal peroxide Mebls, i which Met is Bihium, sodium, polassium, rubidium,
cesium, and B8} alkall melal superoxide MetD;, in which Moet is sodium, potassium,
rubidium, cesium, it a tolal amount In the rangs from 016 fo 10% by weight, In sach
case based on the nilrate salt composition.

The nitrale sall composition according 1o claim 1, whersin the constilueni Bl is an alkali
metal carbonats.

The nilrale sall composition according to cleim 1 or 2, whersin the constitueni B) is
comprised in an amount in the range from 0.2 o 5% by weight.

The nilrale salt composition according (o any of glaims 1 1o 3, whersin the constituent A
gsomprises an alkall matal nitrite In g lolal amount in the range from 0 1o 50% by weight,
based on the constituent A}

The nilrate salt composition according o any of claims 1 {o 4, whersin the alkali metat
nitrate componant of the constituent A} is composed of

A1} potassium nitrate In an amount It the range from 20 o 55% by weight,

A23 sodium nitrate In an amount in the range from 45 o 80% by weight, in sach case
based on the alksl melal nitrale component of the sonstiluent A),

The nitrate sall composition according to any of claims 1 to 5, wherein the alkall metal
carbonaie is selected from the group consisting of sodium carbonaie Na00; and
potassium carbonate K00,

The nitrate sall composition sccording to anyof claims 1 lo§, wheren the alhal meta!
carbonate is sodium carbonale NaeCOs,

The nitrsle salt composition acoording to any of clalms 1 i 7 In molien form,

The use of 8 nilrate salt composition as dedfined in any of claims 1 1o 8 as heal ransfer
madium andior hest slorage medium,
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10, The use according o claim 5, whersin the niirate salt composition is present in molien
form,

11, The use acoording fo calms 8 to 10 In power siations for generating heat andfor
steciricity, in chemical process snginesring and in metal hardening plants,

12, The uss sccording fo olaim 13 in soler thenmal power stations.
13, The use scoording o oialm 12 as heat bransfer madium In soler thermal power slalions,
14, The use sccording fo cialm 13 az heat storage medium in solar thermal powear siations.,

15, The uzse gocording lo clain 11 a5 heal wansfer medium for heating reaction apparaiuses
of chemical production planis.
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Claims

1.

A nilrate salt composition comprising as significant constituenis

&) an aikall matal niirste and an alkall matal nitrite in 2 lotal amount in the range from 88
o 89.84% by weight and

) an skall metal compound sslected from the group BY) slkall melsl oxide, B2} alkal
metal carbonate, B3) aikali metal compound which decomposes into alkasll metal oxide
or sikall metal carbonats In the temperature range from 250°0 to §00°C, BE) alkall
matal peroxide MebDe, In which Mst is lithium, sodium, potassivm, rubidium, cesium,
and B8} alkall metal superoxide MeiQ,, in which Mel is sodium, polasshm, rubidium,
casium, in a total amount in the range from 016 o 2% by weight, In each case based
on the nitrale sall composition.

Tha nitrals salt composition according to claim 1, whersin the constifuent B) is an allkali
matat carbonate.

The nitrate salf composition according to claiim { or 2, whersin the constitusni Bl s
somprised in an amount In the range from 8.2 1o 2% by weight.

The nitrate salt composition sccording lo any of daims 1 1o 3, whersin the constitluent A}
comprises an alkall matal nitrite in 2 total amount up o 50% by weighl, based on the
consiituent A)

The nitraiz sali composition acoording o any of claims 1 to 4, wherein the alkall melal
nitrate component of the constituend A} s compossd of

A1l polassium nitrate in an amount in the rangs from 20 to 55% by weight,

AZY sodium nitrate In an amount in the range from 48 to 80% by weight, in sach case
based on the alkall metal nitrate componsent of the constituent A

The nitrste salt composition according to any of deims 1 1o §, wherein the alkali metal
carbonats iz selected from the group consisting of sodium carbonate NayCO; and

potassium carbonate KUy

The nitrate sall composition according o any of claims 1 1o 8, wharein the alkall metsl
carbonate s sodium carbonate NaX

The nitrale sall compesition according to any of claims 1 o 7 inomolten form.

The use of 2 nilrale salt composition as defined in any of clalms 1 10 8 as heal ranster
medivm andlor heat storage medium,
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The use acoording to claim 8, whereln the nifrate salt composition is present in molien
form.

The use according lo clains 8 io 10 In powsr stalions for generating hest andfor
steatricity, in chemical process engineering and in metsd handening plants.

The use according io claim 11 in solar thermal power siations.
The use according io olaim 12 as hest ransier medium in solar thermal power stations,
The use according 1o claim 13 a5 heat storags medium iIn solar thermal power stations.

The use scoording 1o claim 11 a5 heat transfer mediom for healing reaclion apparaluses
of chamical pradustion plants.
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1.

o

A pitrate salt composition comprising 28 significant constitusniy

A} an slkall metal nitrate and an aikall metal niltits in 3 tolal amount in the range from 88
1o 88.84% by welight and

8} an alkali matal compound selacted from the group B1) alkal metal oxide, B2} atkall
melal carbonsle, 83} alkall matal compound which decomposes into alkall medal oxids
or alkall melal carbonate In the temperature range from 250°0 1o 800°C, BE; alkal
metal peroxide Met20, Iy which Met is Bhium, sodium, polassium, rubldium, cesium,
and BE) alkall matal superoxide MeiGs,, in which Mat is sodium, polassium, rubidium,
cesium, in 8 lotal amountin the range o 8186 fo 2% by weight, In sach cass based
on the nilrate salt composition.

The nitrale sall composition according to claim 1, wherein the constiiuent B} is an alkali
meial carbonale.

The nitrale sall composition assarding 1o claim 1 or 2, wherain the constiluent Bl is
comprised in an amount in the range from 0.2 o 2% by weight,

The nitrate salt composition according (o any of olaims 1 {o 3, wherein the constituent A}
comprises an alkall metal nitrile in 2 tolal amound up to 50% by weight, based on the
onstiluent A,

The nitrate salt composition acconding to aoy of claims 1o 4, wherein the sl metal
mitrate componant of the constiiuent A} Is composed of

Al potassiom nifrate i an amount I the range from 20 1o 55% by waight,

AZ) sodium nitrale in an amount in the range from 45 1o BO% by weight, in each case
based on ibe plkall melal nitrale component of the constiusnt AL

Tha niirals ssll composition scoording fo any of claims 110 5, wharein the alkall melsl
carbonate is selected from the group consisting of sodium carbonate Na, GO and

potassium carbonats K00,

The nilrate salt composition according 1o any of claims 1 o 8, whersin the alkall metsl
carbonate is sodivm carbonate Ne.00,,

The nitrats salt composition according fo any of claims 1 o 7 in molten form.

The use of a nitrate sall composition as defined I any of claims 1 1o 8 a3 heat ransfer
madium andior heat siorage msdium.
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The use scoording to clalm 8, whereln the nitrale salt composition is tresend in mollen
fonm,

The use sceording to clalms 8 lo 180 by power elalions for generating hesd andfor
eieciriclly, In chemical process snuineering andin melsl hardendng plants.

The use according 1o dlaim 11 in solay thermal power stations,
The use sccording 1o clalm 12 35 heat ransier medium in solar thermal power siations,
The use according o claim 13 as heal sloranes medium in solar thermal power slations.

The use according to claim 11 as heat ranster medium for heating reaction apparatuses
of chemical production plants.
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Refersnce iz made to the following documents:

20 Dacamber 1%B83 (19883~12-203

July 2011 {2011-07-07)

Dacember 18985 (1985-12-24}

(19730306}

meaning of BCT 2article 33{3}.

closest teo the subiect matter of clain I,

B2 U5 2013/16282% a1 (KIANG XIACDONG {[UR]}

954 US & 431 662 A (FIORUCCI LOUIR C [US] ET AL}

7

D3 US 4 559 383 & (PICARD GERARD [FR] ET ALy <4

4 US 3 719 225 A (MEXRJEAN M BT AL} 6 March 1873

85 BPF 1 043 381 Al (MODINE MEG CQ [U8]: 11
Gotober 2000 (2008-10~11)
D& U8 2012/055125% a1 (BAADE JUSTIN (US] ET AL} 8
March 2012 {2012-03-08}
1. Novelty and Inventive Step

The present application satisfies the reguirements
af POT Article 33113 hecause the subject matter of

claims 1-13 inveolves an inventive step within the

1.1, Document D3, which is consideresd ths prier art
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INTERNATIONAL PRELIMINARY RESORTON PATENTARKRATY POT/RERGIZ/NR IR

NexNa ¥ Rensoned siptrsent mudee Satiohe 3800 with rogeed s anveliy, nventive stepoor Industeind sppeoahifing
stissions wond expdanatinas supnoriing sech statame

disclonassy {olaimg 1-71 a provess for stabilizing
molten alkali metal nitrates oy rdirites by the

addition of alkali metsl hydeoxides.

The sublect matter of clainm 1 dififers in that the
nitrate salt compogition as component B uses an
alksli metal compound which is different from the

alkali metsl hydroxide used in documsnt R,

ik
foss
i
o
%
%
peeey

Thevefore, the subisch matier of claim

(POT Brticle 334231,

o

he terhnical sffent van be ssen as that of

Junitrites salt compositvion which

T

i

=
%
N

providing & nitz

reduces the relesss of nitric oxides at high

temperaturss without thereby changing the nitrate/

nitrike ratio in the melt st the sanve bLims.

Neither document D3 nor documents Bl, DE and B4 to
D8 disclose & nitratednitvits salt composition in
combination with an alkali metal compound, as

desoribsd in cowmponsnt B,

Socument D2 merely disgloses the use of sodium
nibrate in oonnection with sodiun carbonats

without any indication of adding 8 nitrite salt,

Document D1 discloses exactly the opposits and
addresses the problem, for sxample, of removing
carbonate from a mixture of moltsn sodium nitrate

and potassium nitrats.
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Bensoaned siniomvent sader Articls 00 with repard By wwsolty, mventlve step or ndusivini spplicability;
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L4

The sezence of document D3 is & procsss fov
stabiliizcing molten alkall mebal nifrages ox
nitrites, but by the addition of alkali metal

hydronides,

not ohbvious to replace the hydvoxide used there
with the componentas B) of the currsnt olaim 1,
sspecially since B3 does not indicate the vangs of
amounts for the components ¥} and since DI teachas
the removal of carbonatse and hydroxide.

Thersfors, the subiject matter of cladm 1 dnvolves
an inventive astep and fulfills the criterion set

fortk in POT Articis F3:1 angd (3%,

Claim % velates to the uss of the nitrats zalt
composition acoording to claim 1 as a heab
transfer madium and thus likewise satisfiss the
POT reguirements with respect bteo novelty and

inventive sten,

Claims 2-B and 3-1% are dependent upon olaims 1 and
8 and thus likewisse satisfy the POT vegquiremenis

with respsct to novelty and inventive shep.
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it s very desirable o malch the generation of sleciric energy in 3 solar therma! powsr station,
reganfiess of which type, fo the demand on the grid. This is made possible, for exampls, by
heat baing stored during times of high incident solar radiation and being abls to be uiilired o
gengrate slecttc energy when required after sundown or during phases of bad weather,

The storags of heat can be effected direclly by siorags of the healed heat ransier medium in
generally well insulated siock fanks or indirectly by transfer of the heat from the heated hest
transier madium to another medium {(heat store}, for example in 2 sodium nitrsts-potassium
nitrate salt mell

An indirect method has been realized in the 50 MW Andasol | power siation in Spain, where
about 28 800 melric tons of 8 melt of sodium nilrate and podassium nitrale (8040 in % by
welght} are used s heal slorage In a well insulaled tank. During periods of ingident solar
radigtion, the melt is pumped from a relatively cool tank {about 28070 viz 3 thermal cil-sall heat
sxchianger o 2 hotter tank and in the process hesled o shout 380°C. Here, heat anergy is
withdrawn from the thermal off (here functioning as hest ransfer medium) vig 2 hea! suchanger
and introduced info the salt melt {therma! cll-salt heat exchangen). During times of low incident
solar radiation and st night, the powsr station can be operated under full load for about

2.5 hours when the heat store is fully charged,

However, it would be advaniageous to use the heat transfer medium a2 hesat storage msdium
as well, since the corresponding thermal oll-salt hest exchengers could be saved in this way,

in addilion, possible contact of he thermal ofl, which has reducing properties, with the strongly
axidizing nitrate malt could be avoided in this way. Owing to the significantly higher price of the
thermat ol compared to the sodium nitrale-potassium nitrate melt, thermal ofl has hitherto not
bean considersd as heat store.

A need of the invention sxists to provide a readily available, improved nitrsde sall composition
as heat ransfer medium andfor heat storage medium which can be used in ong-term aperation
i glevated lemperature, preferably above S85°C, with the release of nitrous oxides, usually
nitrogen monoside andfor nlivogen dioxide, being reduced or suppressed.

& nitrate mixture composed of about 80% by weight of sodium nitrale (NaNOy) and sbow 40%
by weighl of polassium nitrate (KNG, s, for exemple, offered for sals under the name Hitlec®
Sodar Salt by Cosslal Chemical Co., LL.C. This product is offered for use as hea! ransfer
madium or hest slorage medium. | can, in addition to further components, compise small
amounts of up to a maxsimurn of 0.15% by waight of sodium carborate (Na:CO;) (product
information shest Hiteo® Solar Salf),
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4.8 my of nlirogen or 10.2 myg of NG, which ware given off from ihe sait msits,
it was thus able to be shown that 1% of sodium carbonale as additive In HITECS reduces the
Eheration of nitrogen axides by about 40% by weight,

Example 7
Comparative experimant withou! alkali melsl compounds B) according 1o the vention

100 g of zolar salt (80 g of NaMOy, 40 g of KNGO} were heated to 800°C over g period of

2 hours in 2 stainbess stes! ube and mainiainsd af this temperatre (£ 5 K3 for 1 hour, S of
water- and carbon dioxide-free alr ware passed over the melt in order o indroduce the off-gases
formed inlo a scrubbing fower, After the end of the sxperiment, the spparaius was flushed with
argon for hall an howr, The sorubbing lower was filled with 57 g of scrubbing solution composed
of 0.1 mol of KinQ, together with 0.2 mol of NaOH In water. Analysis of the iotal nitrogen
content indicated 51 mgfy in the solution, comesponding o 2 tolal amount of 2.8 mp of nivogen
or 8.2 mg of NO, which were given off from the salt melis.

Exparimant according o the invention

in the same sxperiments! setup, 100 g of sclar salt logather with 1 g of Na.CO: {comresponding
o 0.11% by mass of carbon) were healed to 800°C over a period of 2 hours In @ siainless stes!
whe and maintained al this temperature (£ 5 K for 1 hour in 8 second experiment. 5 Vhof
water- and carbon dioxide-free air were passed over the melt in order 1o infroduse the off-gases
formed into 2 scrubbing fower. After the end of the experbment, the soparatus wes fushed with
argon for half an hour, The scrubbing tower was flled with 58 g of scrubbing solution sompossd
of 0.1 mol of KMn(l, together with 0.2 mol of NaOHM In water, Analysis of the fotal nitrogen
conterd indicated 34 mafkg in the solution, corresponding to o lotsl amount of 1.9 mg of nifrogen
or 4.4 mg of MO, which were ghvan off from the sall mells.

i was thus able to be shown that 1% of sodium carbonale a3 soditive In solar selt reduces the
iberstion of nilrogen oxides by about 30%.

Examples 8 and 7 show that the aikall metal compounds B) sccording fo e invention greally
reducs the liberation of nitrogen oxides at very bigh tempersiures.

‘Comprises/comprising” when used in this specification is iaken o specify the presence of

stated fosturss, infegers, steps or components bul does not preciude the presencs or addition
of one or more other features, Integers, steps or components or groups thersof,

AMENDED SHEET
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Claims

%, Aniirate salt composition comprising a3 significant constituents

A} an alkall metsl nitrate and sn sikell metsl nitrite in 2 total smount in the rangs from 98
0 99, 84% by weight and

B} an alkel melsl compound selecled from the group B1) sikall metsl oxide, B2) alkal
metal carbonale, B3} alkall metal compound which decomposes into alkall metal oxide
o alkali metal carbonate in the lemperature range from 250°C to 600°C, BS) alkal
metal peroxide Meb:Os, In which Met is ithium, sodium, polessium, rubidium, casium,
and 86} alkali metal superoside MelCs, in which Met is sodium, potassium, rubidium,
cesium, in a total amount in the rangs from 0.16 1o 2% by weight, In sach cass based
on the nilrate salt composition,

£ The nitrale salt composition according 1o dlaim 1, wherein the constituent B} is an alkab
medal carbongle.

4. The nitrate salt composition socording to claim 1 or 2, whersin the constituent B is
comprised in an smount in the range from 0.2 1o 2% by weight

4.  The nitrale sall composition sccording {0 any one of claims 1 io 3, wherein the constituent
A} comprises an atkall metal nitrite in 2 folsd amount up to 50% by weight, based on the
constiiusm A)

3. The nitrale sslt composition scoording to any one of claims 1 (o 4. whersin the alkell metal
ritrate component of the constituent &) is composed of
Al polassium nitrsie in an amount in the range from 20 to 55% by welght,
AZ} sodium nifrate In an amount in the rangs from 45 lo 80% by weight, in each case
based on the alkall metal nitrate component of the constituent Al

§.  The niteale salt composition acoording fo any one of claims 1 to 5, wherain the aikali metad
carbonate is seletied from the group consisting of sodium carbonale Ma.CO0, ard

polassium cwrbonete K00,

7. The nitrate saft composition according to any ons of olalms 1 in 8, whersin the alkall metal
sarbanate s sodium carbonate Ne GO,

8 The ritrale salt composition sccording o any one of claims 4 fo 7 In molten form.

8. The use of 2 nilrate salt composition as defined In any one of claims 1 1o 8 22 hoat
fransfer medium andfor haat siorage medium,

AMENDED SHEET
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i1

12

13

14

15,

18,

17,

18.

18

12
The use according to olaim 8, wherein the nilrate salt composition is present in mollen
form.

The use scoording 1o clsim 8 or 10 In powsr giations for generating heat andior electricity,
in chemical process engineering and in meilsl hardening plants,

The use according o olalm 11 In soler thermal power siations.
The use sccording to claim 12 as heat ransier medium in solar thermal power siations,
The use according fo claim 13 as heat storage medium in solar thermal power sialions.

The use according fo olalm 11 as heat transfer medium for heating reaction apoaratuses
of chemical production plants.

The niftrale selt composition as clalmed in any one of claims 1 io B, substantially as
hersinbelore described or exemplified.

The nitrals sall composition inchuding any new and inventive infeger or combination of
integers, substantially as herein described.

The use of 3 ritrale salt composition as claimed In any one of claims  to 15, substantially
a8 hersinhefore describsd or axemplified.

The use of a nilrate salt composition including any new and inventive integer or
sombination of integers, substantially as herein described,

AMENDED SHEET
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