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Research on thermo-physical properties of several typical molten salt coolants
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Abstract Background: As an ideal coolant, molten salt has been successfully used in molten salt reactor, and its
thermo-physical properties have dramatic impact on heat transfer performances. However, the diversity in molten salt
pretreatment and preparation induce discrepancies among the existing data which may cause puzzle in its applications.
Purpose: The aim is to systematically investigate and evaluate thermo-physical properties of FLiNaK and HTS,
especially viscosity in abnormal operation temperature range, and measure thermo-physical properties of CloKmag
salt accurately. Methods: Molten salt coolants were prepared normatively, and their thermo-physical properties were
systematically measured through testing instruments including the differential scanning calorimetry, self-developed
Archimedes density device, improved thermal conductivity meter based on laser flash method, and self-developed
rotating viscometer. Results: Through the measurement and analysis above, we have systematically obtained the
thermo-physical properties of FLiNaK, CloKmag and HTS accurately, especially viscosity in abnormal operation
temperature range. Conclusion: Heat capacity and thermal conductivity of molten salt are almost unaffected by
temperature and can be regarded as constants. Viscosity at 80 K above melting point decreases with the increase of

temperature and tends to that of room-temperature water in high temperature range. The thermo-physical properties of

o B e AR 1 S B HRE 4 TBI(N0.XD02002400) I 5% 1 AR RH 542 (N0.21406256) % )

W—fEE. &R, F, 1989 A, 2012 SEEALT MRS, BUSBILATFE A, MG sh#pik 77 i T AF

JBEEIEE: KMS, E-mail: zhangpeng@sinap.ac.cn

Supported by Strategic Priority Research Program of Chinese Academy of Sciences (No.XD02002400), National Natural Science Foundation of China
(No0.21406256)

First author: JIN Yuan, male, born in1989, graduated from Zhengzhou University in 2012, master student, focusing on molten salt thermal-physical
properties

Corresponding author: ZHANG Peng, E-mail: zhangpeng@sinap.ac.cn

Weha HI9E: 2015-12-22, 2[RI H: 2016-03-30

050604-1



o R

2016, 39: 050604

FLiNaK, CloKmag and HTS can provide accurate and reliable basic data for the application of molten salt.

Key words Thermo-physical properties, FLiNaK, CloKmag, HTS
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R B RS . i, IR AT E
B HHREL, WSS EHER S TR &
(RESR,  Fy Sg BPE 2 B IR v P b vpe 4 4%
TR ER s TAk, AESLE = 2 (RS A
TAbE AN & I R 2 . IR R R S 8O0k
g IR g R T, BARZ
ARG B2, Hd, FLiNak!'"?2H1 HTS 4%
RPN B BAR AR K2 R, CloKmag £
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1.1.1 FLiNaK %k

L 99.99% LiF. 99.99% NaF. 99.99% KF A Ji
B, SR Hy-HE JE3EATRE S .5,

1.1.2  CloKmag ¥4

2H 5y £ KC1F1 MgCly JefE 12 THEF 573 K
T 24 h BBRAK, EFEMFIE KC-MgCl, N
66 mol%-34 mol% 1] LI FR E . S8 J5 #4352 TR & 1 31
IRy, ETERERARE. BET,
RS E AR IG R, 454, AAIRER.
1.1.3 HTS ##h#%

SEIG U E A NaNOs. NaNO,. KNOs 4147 #:
BIRGHrai ikl . JerET1RAR 453 K R T8 24 h R
K, RIGEFERPHRE. B BRAMEEER
A mRy, ETREEAHEEL FET,
VAR, 455, AHEER. HSPENEREEF
BAE R

12 SLHEE

121 ZERAMER(DSC)

K5 0555 Dl 00 R P o 6 i b A =) 50
Netzsch DSC 404F3 () Z /R = i AT &
EE R AP A A B, S A THEE R
10K'min™"; Ar A4 A& 50 mL'min ' A4S
15 R AR 2 10 K, EERE IR IR Z N T 5%
1.2.2 ML E

25 BEM A B R B R R, 1 Gk
[36]. WX HTH BRI 2 25 NS, B2H
%02 mm, HTRTFIREREN 0.1 mg. Kirh
SiC BE M S TS FAH A B R A48 ERAE &
EIREE, PRUERE SR R, SR
o MR ZE DT 1%,

1.2.3 BOLNAFHAX

1R SR E I =R BOE Nk, [T
T [ AR ZE ST A F RS0 LFA 1000 BTG IR Sk
Ao SR A A R0 2 1 7 G S AT T ek, A
TIER T AR TN ES SRS AR R R 45
W, AR 7 RRE R, SR =R S,
AR EAERNRP R . SRAEBNEIRENT
15%.

1.2.4  JefE AR SOR EEAX

b I B SR E 2E I A B R 0 R RS
AP, A SRR R B, RTE Y 1.6-50 mPas,
EFE FIRATLGESE 1273 K, KiENRIRZENT
0.2 mPa-s,

2  SCIGZER 5V
2.1  FLiNaK t5%h

TGRS fm L SR R ORGSR
MR m R e, BRI FS%um,
FEIRERHEA HIFIM B &, FLINaK & B A QRN
WA R — (HEAIEMFE S5 Wi, xt
SERIMPRL RS SRS T IR B BR, AR
FIRPBHBER R B KL BE S5 AR AZ I o
211 MHRHIE

FLiNaK 4 $hA% i [ 4% A2 35 B2 B DSC #h e (1)
A0 S U6 R B R N AZRE S A s RS R
729K, FHSCHER HH AR 0% B 5K S5 % (Oak Ridge
National Laboratory, ORNL)KH DSC #i& 1%
727K Wy 4 . b FLiNaK 4 & (1 bb #4 %5 78
743-1 073 K i BEIX (] Y AT i . DAk 4h R o,
FLiNaK % £h [ L A IR FE AR AU AN B 2, AP
PMEAR AR FAEE 1.88 Jg 'K '. K H ORNL
f45 5y 1.883 I-g KO,

2.1.2 #H%FF

FLiNaK 4% 5% B il ya Bl oy 738-1 053 Ko
WAIER S E SEERAM LR, LILERRH
/N ZIRIER A N (1):

p=26133-0.6431-T €))

L. p AEEE, kgem™: THRE, K.

WA FEN 99.99%, ] W, FLiNaK %5 B 595
S RIFRELMERR, HBEE R R8T .
FASEFSCHk F ORNL 538 O AE !0, 5 K AR X i
Z/NT 1%, Wk 1 P,

#F 1 FLiNaK BE®EE
Table 1 Density of FLiNaK.

IR AL e HAR i 22
Temperature  This work ORNLM Relative
/K /kgm™ /kgm deviation / %
738 2139 2119 0.93

773 2116 2097 091

808 2094 2075 0.89

843 2071 2953 0.86

878 2049 2031 0.84

913 2026 2010 0.81

948 2003 1988 0.80

983 1981 1966 0.77
1018 1958 1944 0.74
1053 1936 1922 0.72

213 SHAEH
K B TR D6V FLiNaK 45 35 33 8 &
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L, MRVEHE 743-973 K, SR B AT E
REVL S LA BT E A 2. FLINaK 1334
REBEEE T =g 2 b, Seat gl BoR i
AN IR A N R(Q2):

2=0.0014-T—0.445 32 )

X 2 RGFRER, Wwm 'K THRE, K.

FLiNaK 4351 SRR Ha R 2 ihaE!'™ ™, 2
SARA, W 1 Fros. S2R 5 vERR S, mT R A
R 590 K U O e B oK HL TR IGAIE I
ANER . MEBESTEFRRGIERIRE, SLIhe; iR
WM TREN T2, (ARG T VAR A TE R A
BOH BRI EE XA R IR ZE . OB INEiE =2
— P E A BUR BN E bR v, A R0
IEE AR IR, SINEESHHEE, Wi
HASRIRE R I S AREET, N FLINaK 15 3h SR
BRI AL TR T

9.0 . This Work ~ ----- Reference [11]

75 - - - Reference [10] Reference [12]

""" Reference [18] - Reference [13]

6.0 Reference [17]  __ Reference [19]
Reference [16]

Thermal Conductivity / W-. m™ - K™
o

720 770 820 870 920 970
Temperature / K

1020 1070

B 1 FLiNaK /& S ARH
Fig.1 Thermal conductivity of FLiNaK.
2.1.4 K5PF
K e e i AR RS BEAXAE 733-903 K Pl
FLiNaK &35 K5 . FLiINaK /&5 lE v
(3):

7 =8.07-exp(=5.06x10° / T+3.92x10°/T*) (3)

Ay NENEREL mPass.

W 2 Ao, XFF FLiNaK, —8&A# iR X
(>773 Kt F A R0k P R a2 1192022, g
RS X PR (<773 KWL FEA#RIE, M——4H
HeyE o B B AR, H AT A4 R R N R 2 SR R
VAR AL, TIES TR &, XL
JEAZ R VI P (PR FE AR LR, A ST A TR AR
TE—ZH

+ —— This Work
12 - Reference [11]
Reference [21]
——— Reference [12]
Reference [12]
[
[
[

-~ Reference [14]
- Reference [14]
Reference [22]

Viscosity  / mPa-s
(=)}

720 770 820 870 920 970
Temperature / K

1020 1070

B 2 FLiNaK 4 &H5 =
Fig.2 Viscosity of FLiNaK.

FLiNaK  #% £ & 1000 X 25 S A0 STk - AH B2
P& BRI A BT . 255 98T FLINaK I £k % 1
WS ET RN, FLiNaK IEEELE#E . SR
BOZIE R A K IRk, 32 B 2 R A
HHEE

I — e Af AR X BL R (<773 KRl & 25 ok
E, MRS, 8% RERSGION O, AT B
M KA i T NMER RGN, BRARIE Eh AL 74
RGP A . SR, W EEFFAK, FLiNaK 5 R A
FESRIME R . R UE T IS SRR A, 5
22 3y, RISt S M R A 0 7 A B o BRI B R
BHIR/N . RBE, 15 EhHE KRG RE S @ IE Y E FLiNaK
J ERASAT R DX R i AR, R BE A I 2 IR o
AEH NG RGAEIET L 2t ot ¥ 8
AT X IR AL T HEAK AR

2.2  CloKmag &%k

HF et shEiEE (AHTR, ORNL). &2k
e (VHTR, BUTEEE RS, IESh e (&=
FIREIR AR RS HIFEE, ORNL Al A
KEXF CloKmag & ZhiF AT i PR = A 7t . B i SCHk
R /b8 E Williams 2524 4UF] Janz 260242015
P, WA TS SR AT CloKmag 44 5 #1285
221 IS HHHAE

ACSEIG = DSC MPRZEH, BCFHE AN
698.8 K, FISCHRIRE IIE 5 699 KWW, RH
DSC X} CloKmag 1% £ (I EL AR AE 733-873 K I E
X (] P9 AT IR . S8 4 SRR FH B/ 3Rk 2R PE U
HHHR4):

C,=0.9401+0.824 1x107*-T 4)
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SRR, CloKmag ## &k L #Z Bifl i B2 AR 10 I
AN, FE S & . 1981 4F Janz 545 H
4k 2 0.964 T-g K ;2006 4 Williams 25 H
T 1.155 3¢ "KT 973 K. WK 3 fis.

1800 = 1.20
. This Word p

1700 Reference [42] 115 7
7 . This Work ¢, | | 1'% %
“E 1600 b — Reference [12]| | 110 ‘:‘:'n
& - 2
< 1500 105 2
Z g
£ - §
81400.#‘\‘-““‘" _ 11.00 §
5
1300 |- 4095 =

1200 0.90

720 770 820 870 920 970 1020 1070
Temperature / K

3 CloKmag /& h %5 5L A%
Fig.3 Density and heat capacity of CloKmag.
222 HPE
CloKmag ## 5% FE il [ 733-973 K, KH
/N IRGELAE A (), AN 99.99%:

p=2002.2-0.4525-T 4)

X p NEE, kgm”.

1975 4F Janz %2145 5 CloKmag %5 36 i X
(1017-1193 K) R, BTG A NEK L EH G
I, W& 3 frR. TSCHER[ 7] A Williams 22045
(AR T oK
223 SR

SEISNE CloKmag )5 # R ), FANIRE 4
WA 15 RECFSME, EEMADNT 10%, HEETGH]
N 723-1073 K. CloKmag 1% £h 5 # R EA 45
F9(1.1£0.05) W-m K s

CloKmag 1% 5 T # A E L0 RIEIR D, Janz
S MeCl BE/R & AN 24%. 25%. 29%-
34%- 50%- 60%- 80%HISEIn 4k Hidt AT i e,
% 2 Fizn . Janz (45 iR MgCl, JEIR & 508 34%H)
WA SCIAR S R /N, N 074 Wem VK MgCl,
E IR & BN 50% Al 60% I AR 45 5 oM
LISWm "K' # 1.2 Wm "K' 4% CloKmag
ShAHE R B, ik 4. 5 BoR, ATRUR B,
W% MeCL® 7%, CloKmag (Ah S REL
A% MgClL B TRt %, CloKmag JAZh SR %
B8R o T MgCly BE/R & 8 80%H Janz i (1) £ s
AN 059 Wm'K' (MgCh, S# RZM4 N
13Wm "K'™D), CloKmag ¥ S AR Z

MgCly*\ MgCly B FALA B, 7E4 5 (1 TAEh 3R
At — AR

&2 9IIBKETELEST CloKmag HEEFHREK
Table 2 Thermal conductivity of CloKmag at 973 K, mole

percent MgCl,.
MgCl, /R & & SCHk Janz!* A< This work
MgCl, / mol% /W-m K /Wem LK
24 0.94 —
25 0.79 —
29 0.99 —
34 0.74 1.1
50 1.18 —
60 1.20 —
80 0.59 —
1100
1000 | 973 K |
900 o
% 500 Hiquid Liquid -MgCl,
§ 700 KCI-Liquid —
2 600 -
: 2l g
= 500 S| 2
[ [V
400
300

01 02 03 04 05 06 07 08 09 1.0
Mole Fraction of MgCl,

(=}

4 CloKmag #H
Fig.4 Temperature-Composition phase diagram of CloKmag.

1.0
0.8
0.6

0.4

Number of Species

0.2

0 02 0.4 0.6 038 1.0
X (MgCl,)

5 CloKmag #)#2H 5 Bl
Fig.5 Number of species of CloKmag, mole percent MgCl,.

23  HTS&#

HTS 1 25 1 3L &b B 70 58 NaNO;-NaNO,-
KNO; (7 mol%-49 mol%-44 mol%). %4 £k i1 T4
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ik ISR, 7E 723 K DL REEE AR, )2
I8 FH AL AT E AR BH BE e VR F AT . {H STk
I AR 2R R IPE S SR 22 o, BRI 1%
F Eh B M AT HERRIN 22 L B .
231 IESHLHEE

1 DSC P9 5 3, B Rl (1) AL 46
TR, AIfSMA N 4142 K. 4152 K. % HTS #H
IRAE 423-693 K iR JE X (] Nt AT Il &, Iatas
R, AR R, WA AME
e 1.56 Jg K, okt aRaE i B 45 RN
1.42-1.71 J.g LK HEE
232

HTS & 3k %35 AT 423-723 K, KA /b
TR A NE6), ATEN 99.99%:

p=22666-0.709-T ©6)

wk o HTS #h % Bl o5 B K —
FU2202720 AR 45 AL B SRt — B (B
KAWMZELE 0.5% L) .
233 SR

HTS &3 S AN T EARME, Z57
JREES3044461 2 423 723 K P HTS S R s
AT TINE, AR S 15 RECFIE, SR M
INTF 10%. 101 6 ATz, HTS KIS R BBEEE R
Th M s 2N B RA A, A L4LZ SRt A 200,
W& RA(T):

—4
A1=0.5263-2.442x10"-T @)

_ 07
] . This Work
- 4 Reference [30]
g06p Reference [29]
3' -~ Reference [29]
<€ ---- Reference [26]
2 051 A,
:E 1 . -
< 04+ -
=
=3
]
g 03} L
b
=
=

0.2 L L L " L L

400 450 500 550 600 650 700 750

Temperature / K

6 HTS I#Eh SRR
Fig.6 Thermal conductivity of HTS.

234 KhiE
HRH ST HTS Hh R 1E 2 K H B
YRS U 35 ARy 20323347 sz i 77 vk 1) R

HTS = R B2 X $dim i A 418, K H  Coastal
Chemical Co.Mf{j—4¥H5 . A SCHERE RN X AE
% 35 /& HTS 4l X It 2k, 0l X (6] R
423-693K, ZRMWE 7 fios. (KX HTS H5
JE 5 AR GE M 1 A e iU 0, R R X
F Coastal Chemical Co. I AH ] o SR FH e/ —3fe
TELAMELE N(S):

n=1.149-exp(-810.896 /T +7.806x10° / T*) (8)

16
—— This Work

14 Reference [34]

12 Reference [33]
O N N Reference [29]
£ 10!l Reference [29]
£ :. Reference [31]
= 8t - Reference [32]
& Reference [47]
2 6
2
> 4

2

0 X

400 450 500 550 600 650 700

Temperature / K

7 HTS J&ERNE
Fig.7 Viscosity of HTS.

AT R A IR R S AL S 50T, R
FHURARZH B A e vk R FEA . WS SR
MARA, Bk O S R L bR HE DSC W, Xf
FLiNaK. CloKmag. HTS #1T | RGN 5 PEAS,
ga T IR BE VG R R E A A, TSRS FE AN
R ZE I RS SRAE R ST KR, AT LN S
W 2t rE R it E8uE % . KWtz
BOEA DU N AR T IR HOZ IR T R AN
Ko ATCAA A &y 5 B2 B il R 15 R e M)
b P52 Bt A ek P (1) 184 DR B A, 8 T TR /K BRVRG E
FAERFERE AT UL 80 K3 DX FAHS 5 A i i i B 1
JEIRE K o J5 DA b 80 KL X #AH P H5 40 () ¢ 72 1T LA
NIEER RG2S FHUE TR LRGSR A
HFUE AR X 3 R G 2% .

S 3CH

1 Abram T, Ion S. Generation-IV nuclear power: a review
of the state of the science[J]. Energy Policy, 2008, 36(12):
4323-4330. DOI: 10.1016/j.enpol.2008.09.059

2 VLARIE, MRUEEA, BEB. KR RkEHERLR
——TMSR #ZRERG]. HEBEERE T, 2012, 27(3):
366-374. DOI: 10.3969/j.issn.1000-3045.2012.03.016
JIANG Mianheng, XU Hongjie, DAI Zhimin. Advanced

050604-6



& A LR AR BV 205 A IR ST

&

10

fission energy program-TMSR nuclear energy system[J].
Bulletin of Chinese Academy of Sciences, 2012, 27(3):
366—374. DOIL: 10.3969/j.issn.1000-3045.2012.03.016
ARfR, FRAERL, BB FLINaK 43 s iR R o i
il IS Jon R B B A BE UL 0], % R, 2013, 36(7):
070601. DOI: 10.11889/j.0253-3219.2013.hjs.36.070601
Z0U Xin, DAI Zhimin, TANG Zhongfeng. Numerical
simulation of induction heating in FLiNaK molten salt
high temperature testing loop[J]. Nuclear Techniques,
2013, 36(7): 070601. DOI: 10.11889/j.0253-3219.2013.
hjs.36.070601

FREREE. 654 CrFs Xt LiF-NaF-KF %6 Sh4 401 i 11
MR FL[D). b v E R B b N B FURT,
2015

YIN Huiqin. The effect study of corrosion product CrF;
on physico-chemical properties of LiF-NaF-KF[D].
Shanghai: Shanghai Institute of Applied Physics, Chinese
Academy of Sciences, 2015

FEHERE. (2B RIE PR [D]. b P EF
S b i N R EAIE AT, 2014

CHENG Jinhui. Study on molten salt thermophysical
properties for heat transfer and storage[D]. Shanghai:
Shanghai Institute of Applied Physics, Chinese Academy
of Sciences, 2014

Piyush S, Matt E, Manohar S, et al. Molten salts for high
temperature reactors: university of wisconsin molten salt
corrosion and flow loop experiments-issues identified and
path Idaho
INL/EXT-10-18090, 2010

Serrano-L. R, Fradera J, Cuesta-LL P S. Molten salts

forward[R]. National ~ Laboratory,

database for energy applications[J]. Chemical Engineering
and Processing: Process Intensification, 2013, 73: 87—102.
DOI: 10.1016/j.cep.2013.07.008

Mar R W, Bradshaw R W, Carling R W, et al. Progress
report: molten nitrate salt technology development[R].
Sandia National Laboratories, SAND82-8220, 1982
Brosseau D, Kelton J W, Ray D, et al. Testing of
thermocline filler materials and molten-salt heat transfer
fluids for thermal energy storage systems in parabolic
Journal
109-116. DOI:

trough power plants[J].
Engineering, 2005, 127(1):
1.1824107

Hoffman H W, Lones J. Fused salt heat transfer Part II:

of Solar Energy
10.1115/

forced convection heat transfer in circular tubes
containing NaF-KF-LiF eutectic[R]. Oak Ridge National

Laboratory, ORNL-1977, 1955

11

12

13

14

15

16

17

18

19

20

21

22

050604-7

Grele M D, Gedeon L. Forced-convection heat-transfer
characteristics of molten FLiNaK flowing in an Inconel X
system[M]. United States: National Advisory Committee
for Aeronautics, 1954

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[R]. National Standad Reference Data System,
No.PB-81-244121, 1981

Vriesema B. Aspects of molten fluorides as heat transfer
agents for power generation[D]. Netherlands: Delft
University of Technology, Department of Mechanical
Engineering, 1979

Sohal M S, Ebner M A, Sabharwall P, et al. Engineering
database  of liquid salt thermophysical and
properties[R]. Idaho Falls: Idaho
National Laboratory, Idaho-83415, 2010

Powers W D, Cohen S I, Greene N D. Physical properties

thermochemical

of molten reactor fuels and coolants[J]. Nuclear Science
and Engineering, 1963, 17(2): 200-211. DOI: 10.13182/
NSE63-5

Khokhlov V, Ignatiev V, Afonichkin V. Evaluating
physical properties of molten salt reactor fluoride
mixtures[J]. Journal of Fluorine Chemistry, 2009, 130(1):
30-37. DOLI: 10.1016/j.jfluchem.2008.07.018

Kato Y, Furukawa K, Araki N, ef al. Thermal diffusivity
measurement of molten salts by use of a simple ceramic
cell[J]. High Temperatures-High Pressure, 1983, 15:
191-198

Ewing C T, Spann J R, Miller R R. Radiant transfer of
high
temperatures[J]. Journal of Chemical and Engineering
Data, 1962, 7(2): 246-250. DOI: 10.1021/je60013a028

Smirnov M V, Khokhlov V A, Filatov E S. Thermal

heat in molten inorganic compounds at

conductivity of molten alkali halides and their mixtures[J].
Electrochimica Acta, 1987, 32(7): 1019-1026. DOI: 10.
1016/0013-4686(87)90027-2

Williams D F. Additional physical property measurements
and assessment of salt compositions proposed for the
intermediate heat transfer loop[R]. Oak Ridge National
Laboratory, ORNL/GEN4/LTR-06-033, 2006

Cohen S 1, Jones T N. Viscosity measurements on molten
fluoride mixtures[R].
ORNL-2278, 1957
Cibulkova J, Chrenkova M, Vasiljev R, et al. Density and
viscosity of the (LiF+NaF+KF) eut (1)+K,TaF; (2)+Ta,0s

Oak Ridge National Laboratory,



o R

2016, 39: 050604

23

24

25

26

27

28

29

30

31

32

33

(3) melts[J]. Journal of Chemical and Engineering Data,
2006, 51(3): 984-987. DOI: 10.1021/je050490g
Voskresenskaya N K, Yankovskaya G N, Anosov V Y.
Teploemkost splavov nitritov i nitratov natriya i kaliya[J].
Zhurnal Prikladnoi Khimii, 1948, 21(1): 18-25
Kawakami M, Suzuki K, Yokoyama S, et al. Heat
capacity measurement of molten NaNO3;-NaNO,-KNO;
by drop calorimetry[C]. VII International Conference on
Molten Slags Fluxes and Salts, The South African
Institute of Mining and Metallurgy, 2004

Janz G J, Truong G N. Melting and premelting properties
of the KNO;-NaNO,-NaNO; eutectic system[J]. Journal
of Chemical and Engineering Data, 1983, 28(2): 201-202.
DOI: 10.1021/je00032a022

Wu Y T, Chen C, Liu B, et al. Investigation on forced
convective heat transfer of molten salts in circular
tubes[J]. International Communications in Heat and Mass
Transfer, 2012, 39(10): 1550-1555. DOI: 10.1016/j.
icheatmasstransfer.2012.09.002

Boerema N, Morrison G, Taylor R, et al. Liquid sodium
versus hitec as a heat transfer fluid in solar thermal central
systems|[J]. 2012, 86(9):
2293-2305. DOL: 10.1016/j.solener.2012.05.001

Tufeu R, Petitet J P, Denielou L, et al. Experimental

receiver Solar  Energy,

determination of the thermal conductivity of molten pure
International Journal of

Thermophysics, 1985, 6(4): 315-330

salts and salt mixtures[J].

Yang Z, Garimella S V. Thermal analysis of solar thermal
energy storage in a molten-salt thermocline[J]. Solar
Energy, 2010, 84(6): 974-985. DOI: 10.1016/j.solener.
2010.03.007

Cooke J W, Alexander L G, Hoffman H W. Molten-salt
reactor program semiannual progress report for period
31, 1968[R]. Oak Ridge National
Laboratory, ORNL-4344, 1968

Kirst W E, Nagle W M, Castner J B. A new heat transfer
high
American Institute of Chemical Engineers, 1940, 36(3):
371-39%4

ending August

medium for temperatuers[J]. Transactions of

Gaune P G. Viscosity of potassium nitrate-sodium
nitrite-sodium nitrate mixtures[J]. Journal of Chemical
and Engineering Data, 1982, 27(2): 151-153. DOI:
10.1021/je00028a014

Cohen S 1, Jones T N. Viscosity measurements on molter
Aircraft Reactor

Ridge

fluoride mixtures[R].
Oak

Engineering

Division, National Laboratory,

34

35

36

37

38

39

40

41

4

43

050604-8

No.ORNL-2278, 1957

Singh J. Heat transfer fluids and systems for process and
energy applieations: molten saltsfM]. New York: Marcel
Dekker, Inc., 1985: 223-240

James H S. Preparation and handling of salt mixtures for
the molten salt reactor experiment[R]. Oak Ridge
National Laboratory, ORNL-4616 UC-80- Reactor
Technology, 1971

Cheng J H, Zhang P, An X H, er al. A device for
measuring the density and liquidus temperature of molten
fluorides for heat transfer and storage[J]. Chinese Physics
Letters, 2013, 30(12): 126501. DOI: 10.1088/0256-307X/
30/12/126501

An X H, Cheng J H, Yin H Q, ef al. Thermal conductivity
of high temperature fluoride molten salt determined by
laser flash technique[J]. International Journal of Heat and
Mass Transfer, 2015, 90: 872-877. DOI: 10.1016/.
ijheatmasstransfer.2015.07.042

FRUERE, SRS, SR RS Sh e i U AR, B T
BT S IR, o E R B L i N ) BT TR,
TMSR-MS-MC-2014, 2014

CHENG Jinhui, ZHANG Peng, JIN Yuan. Design of high
temperature molten salt viscometer based on rotating
cylinder method[R]. Shanghai Institute of Applied Physics,
Chinese Academy of Sciences, TMSR-MS-MC-2014,
2014

Thoma R E. Phase diagrams
materials[R].  Oak  Ridge
ORNL-2548, 1959

Williams D F, Toth L M, Clarno K T. Assessment of

of nuclear reactor

National  Laboratory,

candidate molten salt coolants for the advanced high
temperature reactor (AHTR)[R]. Oak Ridge National
Laboratory, ORNL/TM-2006/12, 2006

Williams
saltcoolants for the NGNP/NHI heat-transfer loop[R].
Oak Ridge National Laboratory, ORNL/TM-2006/69,
2006

Janz G J, Tomkins R P T, Allen C B, et al. Molten salts:

D F. Assessment of candidate molten

Part 2 chlorides and mixtures-electrical conductance,
density, viscosity, and surface tension data[J]. Journal of
Physical and Chemical Reference Data, 1975, 4(4):
871-1178. DOI: 10.1063/1.555527

Janz G J, Allen C B, Bansal N P, ef al. Physical properties
data compilations relevant to energy storage II molten
salts: data on single and multi-component salt systems[R].
U.S. National Bureau of Standards, NSRDS-NBS-61 (Pt.



& A LR AR BV 205 A IR ST

&

44

45

1), 1979

Odawara O, Okada I, Kawamura K. Measurement of the
thermal diffusivity of HTS (a mixture of molten sodium
nitrate-potassium nitrate-sodium nitrite; 7-44-49 mol%)
by optical interferometry[J]. Journal of Chemical and
Engineering Data, 1977, 22(2): 222-225. DOI: 10.1021/
je60073a025

Santini R, Tadrist L, Pantaloni J, et al. Measurement of
thermal conductivity of molten salts in the range
100-500 °C[J]. International Journal of Heat and Mass

Transfer, 1984, 27(4): 623-626. DOI: 10.1016/0017-

46

47

050604-9

9310(84)90034-6

Omotani T, Nagashima A. Thermal conductivity of
molten salts, HTS and the lithium nitrate-sodium nitrate
system, using a modified transient hot-wire method[J].
Journal of Chemical and Engineering Data, 1984, 29(1):
1-3. DOI: 10.1021/je00035a001

Chen Y C, Wu Y T, Ren N, et al. Experimental study of
viscosity characteristics of high-temperature heat transfer
molten salts[J]. Science China Technological Sciences,
2011, 54(11): 3022-3026. DOI:10.1007/s11431-011-
4530-x



