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Research progress in application of molten nitrate salt in energy utilization
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Abstract: Molten nitrate salt has an excellent heat transfer and fluid flow, easy to dissolve many inorganic compounds, so

it can be used for heat transfer-thermal storage, reaction medium, electrolyte , waste heat utilization, metal alloy manufacture and

high-temperature fuel cell. Its application in conventional industries, solar thermal power generation and solar hydrogen

production is introduced. It is pointed out that molten nitrate salt will play a more important role in energy exploitation and

environmental protection when the properties of nitrate salt are deeply studied and improved.
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o B s WL
Wik s
VR
i) )
EHE T Y

Bs5 BAAHEHRXERL

SCHR[24 132 9 , 32 F s IR A R A 6 & WL VT LA fiE
X FH BE FR 0 45 /F 1R BE 32 = B 450 ~ 500°C, 3 B 1
BRI EBHBERF D 40% . Mo, BZRE
Rl s AT DA i BOSOR IR 2.5 £F, AT U8/ B A
AR Sandia HFFTH .0 (NSTTF) R A 60%
(R &A%, T [F ) NaNO; .40 % KNO, (solar salt) 5 &
f (silica sand) . % A (quartzite rock ) 145 & #E 17 BF
53, W 5T 3R U 2498 BE 7E 290 ~ 400°C , &5 553 RIE I
LSRR DR M R B, 5Ok, B R
DI F 44% Ca(NO;),.12% NaNO,;.44% KNO,
(Hitee XL)fESEH, 45 R F B, il FETE 450 ~ 500°C
Z3f 10 000 RAEFF L5 S5 , SRS 98 Rl 3 AH LA
REF, WHmMAE T REFH.

Mao 22 I5F5Y solar salt FI HTS 2 Ffih 578 18 #1
TR, RRY, MEERBHEERN, BT
solar salt J& s &1 , ] 20 5 B #A £, TR T 9% b 1R BF %

Ko RIBZE IR HIE LT, solar salt 18 F 5% X iR
FEAHZES /N o solar salt 15 £h #4538 R EU L HTS &k
=, HTE A R A

Eck Z BN\ BEBE R BT MRS &
SREBEMBAEFTEEE 5T T RAERHBRHALS
TR RS R IR ShAE B & A 1E btk
PR

R T T AR BRI R AE O B AT S R BUIR
AR 2T AR T A B-RIB R MR, &
YA BREDEHN 5% ~30% 0, Z 4 kS
REHEMN3 W/ (m-K)EEH 25 W (m-K), AR
HiREMRZE,

2.3.2 XKMfH &

CO, HEm#= Hl Mk A Re IR A% 2 A BRE AT
W—F B A % AAR VR, BT LS R 75 15 B4R
KE) R ARRKAE N B UR 2 AR 06 BE BN, S RE I
BROEMARRRET R RO EERE, B,
A A8 T £ A F T A= R VR RN A% Se b RE VR - 1T AR
REVRARSE & B Ko

LRT, R A SR E =T L RS A
VEEBD KPP ERERPHRERNHREE, E
BT 2 MR R,

CH, + H,O——> CO + 3H,(AH,5x = + 206 kJ/mol)

CO + H,0—> CO, + Hy(AHyzx = — 41 kJ/mol)

T3 8 Jz iy A, B e B R AR B, R AR R
FIRMEE IR (W ZIR =4 ERIE D R S B
RE) TR EEERM AN Co, HEER £,
MR HBEAFII A B RS RAOBERERRE, BE
SAEHEBRAL LA RERFR R B B SwL .

BT LAW] PAF] R 46 H =X K FH BB #4 ) (CSP plant)
B e ZE R AL AR HE AN IR IR, X 5T BT iR
A4 K FH RE R HL R [R] 2 Ak 2 - K PH RE # R HR 2 A A
MEHEFZE RISV R B, i 4k F 8 2 P K BH B #4
B R 8 28 R R I 4R A4t A0 B R R 12031 2 T
A F #| NaNO;-KNO; 1 A f& $0E 4 4r fi

A4 XK B BB AR o H e 28 VR B R Y 41 SR g
U8R 8 AR 2 R AL B R LA (9 i LA
WEMBRENE XML HEER, BERAELTE DX
W B . WHEH 500°CH) CH,/H,0 1B &SR it 58
WAL B R, WRVE RIS O R
9 550C, % H B 530C, 5AEHREY B RAZHK
W&

2.4 HftHi&
SHAME AR, RIS AR SR, BN



- 22 - A, A

EBEH

FREREIART o BRT T BT B9 B A A, B AR I Eh i
e oA e BT 1A P AE A T ol 349 4 s o S+, AR h L A
AT R PR AN | 4 J 2R AT R B A O A AR e e Tt
BEIE A o RS 5 ol 4 25 40 00 SR & T A AL W) B R
B A ALY 23 LA B [ % B SR A
BEAL R W7 LU 0 3 R AR AL AR B LA TR
A ER B it v 3 PR A A B AF DT TH

3 S&iE

R A R4 00 7% Bre e, Bl b R £
FHEECWEAEENAER. TEEREHTE
ELA W B % R, W0 JC K £ (solar two) J& H N
220°C , B B I 75 TR TR0 A2 5 R I AR A8 A B AR 9
EEEE AR P ORI PR A A RORTS
BERIHFE K. [RIBT, 40 = J0 4% 3 76 % IR I #4 i 77 72
REMNY AL, BT EEAR G, Qe 52 e 2 5
R E R — MR EE MBI IRE

2 3 VR R 2 S A TR ML Ot BB R 4R
RIS A R (HEERRIEARIRE, R
BB BI . T30, TEER IS I A AL B S By AR R
B R RA (IR A WA R R %) A
ARSI NRA EER K HFFEE XIS RS R
01 BE A TR AE 55 R0 e M e L B A AR B L
FHEG SR WT I R, B BR 45 5 75 R U8 JF & A F I 36
BRPERTEEREEREZMNIER.

2% ik

(1] R0 R R e 5 0 M 65T 16 & Tolk i ARAL, 1998:1 - 9.

[2] Janz G J,Allen C B, Bansal N P, et al . Physical properties data compi-
lations relevant to energy storage: Il . Molten salts: Data on single and
multi-component salt systems[ S]. NSRDS-NBS-61-PT-2, Order No. PB-
295406,1979:142 - 166,396 — 411.

[3] Janz G J, Tomkins R P T.Physical properties data compilations relevant
to energy storage: IV . Molten salts: Data on additional single and multi-
component salt systems [ S]. NSRDS-NBS-61-PT-4, Order No. PB81-
244121,1981:786 — 795.

(4] RMEBT, IS AR AR BT R R (7] b T J , 1995,
14(5):5-17.

[5] Singh J. Heat transfer fluids and systems for process and energy applica-
tions : Molten salts{ M] . New York : M Dekker Inc,1985:223 — 240.

[6] Voznick H P, Uhl V W. Molten salt for heat transfer[ J]. Chemical Engi-
neering, 1963,70(11) :129 - 135.

[7] Afanasiev P, Geantet C. Synthesis of solid materials in molten nitrates
[J]. Coordination Chemistry Reviews, 1998,178/179/180(2) : 1725 —
1752.

[8] Singh N B. Preparation of metal oxides and chemistry of oxide ions in

nitrate eutectic melt[ J] . Progress in Crystal Growth and Characterization
of Materials,2002,44(3):183 - 188.

[9] Mercera P D L, Van Ommen J G, Doesburg E B M, et al . Zirconia as a
support for catalysts : Influence of additives on the thermal stability of
the porous texture of monoclinic zirconia[ J]. Applied Catalysis, 1991,
71(2) :363 - 391.

[10] Kerridge D H, Cancela Rey J. Molten lithium nitrate-potassium nitrate
eutectic : The reactions of three mercury compounds[ J] . Journal of Inor-
ganic and Nuclear Chemistry, 1977,39(2) :297 - 300.

[11] Huda A R, Durand B, Chassagneux F, et al . Zirconia formation by reac-
tion of zirconium sulfate in molten alkali-metal nitrates or nitrites[J] .
Journal of Materials Chemistry, 1994,4(8) : 1331 - 1336.

Descemond M, Brodhag C, Thevenot F, et al . Characteristics and sinter-

—
—
S}

[t}

ing behavior of 3 mol% yttria-zirconia powders synthesized by reaction
in molten salts[ J] . Journal of Materials Science, 1993,28(9) :2283 —
2288.

[13] Afanasiev P, Geantet C. Effect of alkali metal cations on the properties
of zirconia prepared in molten nitrates [ J]. Materials Chemistry and
Physics, 1995,41(1) : 18 - 27.

[14] Du Y S,Rogers P, Inman D.The acidic/basic effects on preparation of
zirconia powders from molten salts[ J]. Journal of Materials Science,
1996,31(13) :3361 — 3364.

[15] Du Y S,Inman D. Preparation of zirconia powders from molten nitrites
and nitrates[ J] . Journal of Materials Science, 1996, 31(20) : 5505 —
5511.

[16] Du Y S, Inman D. Reactions of Zr(S0,), in molten nitrite and nitrate
systems[ J] . Journal of Materials Chemistry, 1995,5(11) :1927 - 1930.

[17] Afanasiev P, Geantet C, Breysse M. Preparation of high surface area Mo/
Zr0, catalysts by a molten salt method: Application to hydrodesulfur-
ization[ J] . Journal of Catalysis, 1995,153(1):17 - 24.

[18] Afanasiev P, Geantet C,Kerridge D H. Products of reactions of Mo and
Zr compounds in molten nitrate [ J]. Journal of Materials Chemistry,
1995,5(2) :347 - 352.

[19] Afanasiev P.On the metastability of “monolayer coverage” in the MoO;/
7r0, dispersions[ J] . Materials Chemistry and Physics, 1997,47(2/3) :
231 -238.

[20] Afanasiev P, Geantet C, Lacroix M, et al . Synthesis of ZrO, in molten
salt mixtures : Control of the evolved gas and the oxide texture[ J] . Jour-
nal of Catalysis, 1996,162(1) :143 — 146.

[21] Kerridge D H. Molten salts as non-aqueous solvents[ M1//Lagovski J J.
Chemistry of non-aqueous solvents. New York: Academic Press, 1978:
270.

[22] Hadjieva M, Bozukov M, Tsacheva T. Next generation of phase change
material composites for increased energy efficiency in steam commercial
plants[ C1//The fourth international green energy conferrence, Beijing,
2008.

[23] Pacheco J E, Gilbert R. Overview of recent results of the solar two test
and evaluations program, renewable and advanced energy systems for the
21st century[ M]//Hogan R, Kim Y, et al. Proceedings of Renewable
and Advanced Energy Systems for the 21st Century, USA : American So-
ciety of Mechanical Engineers, 1999:576 — 581.

(F#% 24 )



- 24 - A, A

EBEH

VESL B0 25 B 50 P, R SRAE B AA B B9 M R, B R 4
SERE P VR RO . B AT REAR 3 R
H P WL E A T Ao 38 R RN A R R S
R, 2t g BRI, fR SN EER,
K BORBEI7E TR SRR B, R E R fEZ
HRBEE -EREENHTHE, RAEBERER
BHibmRE el R, e RS,

HH BT F B9 PDMS BE A9l £ R 3EE . BA WHE
REF M Z R AL AR R R AL ER T S EANE
R T ) 32 K 5] & A 1A B0 48 3R IR N, 4 T =2 [E) A4k
HREAGER=ZHEMNRE, FHEHWHREE
it N
1.2 E5EMNHE

B R REAR R A O AL 35 R R AT B BRI, BT
RERNESEERFRIERY 5 BT, O
il AR W EL TR A RO RE . 38 H S A — AR R
A RIS AP AR A 2 LSRR, B S
B EEGEANRR S ERER S —F R 2%
B2, MIALZEZ W IR FREW, HHE T ikE
BRERE BRBAEMPER LS. BEKE
WRMBREH, KRBER S XERZE G LA U
TILFH:

(WA Fok I M2 bR i L& 24 ¥k B2
AIVE R, S IR BR ANV 2R B, A IR A B8 O 2R i
FEHERTCHOMBRAEXEERE L AL TR
B 9 Yk ARt T 4 T vk A0 BT AR R AR

QREREE. BREERRESEE Li#fT
RE NMER—ZHEKRE. BEREOREH &
MR & BT EHAT R, 65 5358 2 DL R 43 B8
HREERE

()R RN Sl I v kB
FITIEX R AT IE A AL B, SR A —
&P, 75 B R o BE 2 T A9 0 AT ik
EPIE A RN R A .

(HFERVRREE. EREZSFGTERAE
A, FHFTERE R T UUR , R 5 8T R B R R
o 7E 2 R R T B B )=

) FEHTHREGE. EEEXNT FIHSEHE
TARBIAR 38 AR R 7 A B 55 B TR X B R R
ORI B 5 T R AT A B, BT 7 2 B R T BRI
SEZ

(6)EEGGIE. TRt & EEMDIEZ,
RJE RSN K Wi 4G U

2 EBREESUENKE

SR _HERARERERESY HIBEREE,
JLPTC R BE I , i BRI B J= A SR B 4 R A
B oy B IR AR B R X AT itk o 38 L T 1A
G0 oA B R A A S B PR B ORE  Herp, Wy B E
LGSR HTE R R B W AR S O
HAMFERA E ST ¥ ARSIk F 2
BT I ARG, @i X TR T A R,
ERE A9 AL o2 G54 e AR A, AL 2 % Ay 2 1P A
AR, T B B A 4 B R RED - o AR S B
2 MEE S M NS & AT ARG PR RE E I RO R,
WEFE /AR HE/ R EF T
2.1 #£iE

SR AR YR A [F 3R & W ) 1 R ) EL A 5 3 R
RO ﬂéiﬂl%ﬁﬁﬂﬂﬁﬁﬁﬁﬂﬁi@%# L NLIRE D
RS AR RE CRBUYE PLis Rtk ML F R B TESF) o

(L&F 22 1)

[24] Kearney D, Kelly B, Nava P, et al. Assessment of a molten salt heat
transfer fluid in a parabolic trough solar field[ J] . Journal of Solar Ener-
gy Engineering,2003,125:170 — 176.

[25] Pacheco J, Showalter S, Kolb W. Development of a molten salt thermo-
cline thermal storage system for parabolic trough plants[ J]. ASME J So-
lar Energy Engineering, Special Issue: Solar Thermal Power, 2002, 124
(2):153-159.

[26] Doug B,John W K, Daniel R, et al . Testing of thermocline filler materi-
als and molten-salt heat transfer fluids for thermal energy storage sys-
tems in parabolic trough power plants[J]. ASME J Solar Energy Engi-
neering,2005,172(2) : 109 - 116.

[27] Mao A M,Kim K,Han G Y, et al . Heat transfer characteristics of high
temperature molten salt storage for solar thermal power generation

[M]1//Goswami D Y, Zhao Y W. Proceedings of ISES World Solar

Congress 2007 : Solar Energy and Human Settlement, Vol. IV, Beijing,
Tsinghua University Press,2007:1873 - 1877.

[28] Eck M, Hennecke K. Heat transfer fluids for future parabolic trough so-
lar thermal power plants [ M ]//. Proceedings of ISES World Solar
Congress 2007 : Solar Energy and Human Settlement, Vol. IV, Beijing,
2007:1806 — 1812.

[29] Bauer T, Tamme R, Christ M, et al . PCM-graphite composites for high
temperature thermal energy storages[ C1//Tenth International Confer-
ence on Thermal Energy Storage, Ecostock 2006, pomona, NJ,2006.

[30] Moller S, Kaucic D, Sattler C. Hydrogen production by solar reforming of
natural gas: A comparison study of two possible process configurations
[J1.ASME ] Solar Energy Engineering,2006,128:16 — 23.

[31] Petrasch J, Steinfeld A . Dynamics of a solar thermochemical reactor for
steam-reforming of methane[ J] . Chemical Engineering Science, 2007,

62:4214 - 5228 .1



