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A Review on Research for Molten Salt as a Phase Change Material
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Abstract It is an introduction of advantage of the molten salt phase change material for storing heat, such as
large latent heat, small sub cooling, high thermal capacity, good thermal stability, low cost etc. It is widely applied in
solar energy heat storage medium. on the basis of the molten salt phase change material for storing heat being classi-
fied, reviewed the present situation of domestic and foreign research about Carbonate, Chlorate, Nitrate, such as the
thermal physical and the corrosive. To the question of the molten salt phase change material for storing heat conduc-

tivity low, the progress of high thermal conductivity composite material preparation with expanded gra-phite, metals,

ceramics and clay for matrix material, the molten salt for incarhate material is summarized. At last, the tendency of
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the molten salt phase change material for storing heat is prospected.

Key words

TEARZ2 157 BRI Hh o oK B B PR A 6 TC BR R 7 70 A1
i R E TR R G B P S A A TE A2 B Ok B £ 1Y o
EERHAERHAER T LR BRER XS
A R AR 2 BIAR KB 2. B A ERAR IR Y 1 25 K
AT RE R IR MR & L8 T SRR U A A A G R TR
Fof (1] D T, e 5 45 b 1 7R AR T R BT T Y AR 6 B B R
(TES)™* [ Py &1 X 38 3 A A8 b4 it #4 © A 0F 5% . B AR X
A, AHAE#48F (Phase change materials, PCM) 75 #H 48 ([&-
T B ) sk i R A R ) R A B T S B e A A,
EAE R VROCR WL R LR TR SR AT
FEU L B REHE K PR 4 G B8 AE A R Ok 7 T 2 AR R B O 3L
TR e o 3K — 5 i R T K B 68 T 1 30k 3 P R

1 RRBETHEAMENSR

5 Tl AR 72 At PO R B8 R SR A LR LA - D
HAT )32 09 P I8 Vi FL A3 B2 A 300~ 1000°C Z fi] » H.
HAT MR REE M s @ JC 3 v R 20 B s @ PR 1 DR Y 2%

molten salt, phase change material, heat storage, thermal conductivity

ST R TR A i R A AR A 28 U s O W i B i
PRI RLAEIL - oy Tas A P il g B © RL4F 1 5 VPR fE

2 SRR ETHERMRE S

R TR C R ZFET B BT —ENaL. W
Sy S B ) S = e r R N e O O | A < - a1
Wi B ) i A . I B LA A T A A B B
B4 B AS BT BEFH T 92 b TR AR SR AR R st 2 ™. N
A LR WL s R Rt
2.1 mREgh

e R 6 B JLIR & W) SR AR A V8 1 i A A2 A4 R, AR A8 AR
T A AT T At N B B K . Fe AN R A L5 mT A4S 3]
AEYE S IR AW . (B0 R £h i 16 A5 3 = T LR
Bl TR WK B2 A Bl TR £ 25 5 o0 e BRI T R SR 1 )
ZNH .

2.2 S
S PN E L M b — M AR AR A B, AT DL 4 K Ak

S H A A X EA E (1011GKCA026) ; B K “+ = B 7A 4% 3 %| 5 B (2011BAJ03B08)

BH A, 1956 £ £ T 4B

@163. com

YEG.EIAAEH, BL.1985 4, B+ £ Tel:0931-2976026

E-mail: pengguowei. cool



Ke ik 3E AR T AR A AR BT IR AR AL/ F A

¢« 390 o

AN FE s R IR A B Tz B TR L SO Dl B
2.3 THERE:

K BT R LS (0 15 76 300°C 2247 - L 28 L (0 5 2
FEAR B Tl /N B AE 500°C LR A 23 43 itk 5 Bk 2 5 AR X
BARLAL A 2. 93]/ Cm « b« “C) T, A G 7E i FI I 25 5 7 A )
kR, H R 5 H T R A L il R R B A AR R
010,

2.4 wmLH

TR AL 3 R R g 7 0 4 )R AL W L K H A 5 R
FIMER ALY 5 RAE S KEY . EATE BA R & s 8 AR
TR (A TR e TR A A R RE, T R T DI L) R AR
WA, AL 5 & B A AR AR A R B A TS
T AR s — 2 E VRAR % 7E Dy T AR I A A R A FR I 4 L
LiF @ik 2300 R VR A8, XA B S S B0 5 X
LA E” (Thermal racheting) Fl “#4 5 ” ( Thermal spots)
ML,

3 ISEAER PSRV SR

3.1 mRER#Eh

K TP S5 K B TR A e R R Bk R R 3 kR k4 IR
VIR 30. 6 ¢ 26. 8 ¢+ 42,5 T HIR-S MR Eh, Hh ik
BIK Bl 618°C B FR AN A 5k 851°C Bk R 41 445 sy 891°C
RAFEL N 393C, BEHI @I #Smatm mikH s T
TR AN B PR AT 3T R SR B e 1 1 i, M i &l b el A
22. 81 % JRE /T EO S5 15 B B0 8 HE St oo s
ERFRAR T 133°C , MIAS O TnER IR R Y 1. 9 4%, 1T ELTR

A HEETE 850°C LR By B A B AT i AR 1
3.2 @i
WA LA AN TE K E AL S O FORL, T O A A
AT EE R TIRG M IR G SR8 i 497.67°C L 1L
ali £ Y BRI, AR R VR B K 86. 85] /g ik B PR A TR Sl 800°C
NS D G A A L O R BB T 36 A
ARE R A AR, A A A F M L
K27 L RIRA AR IE SR 399, 6°C, B HUR A I
% & B A AR I A T, L8 3 5 50 B0 LA A58 B
LT L BRI B A [l 05 7 7
C,=—1.084+0.233/[1+exp((T—452. 480)/2.193) ]
450LT<C470
C,=—1.125—0. 046/[ 1+ exp((T—487. 870) /7. 270)]
475<<T<520
3.3 THERER
Alexander J %15 R W1 1 48 A G 40 %6 Tl
FRAM .60 %6 il R AN AU —J0KE SR 7E 454, 4°C DL F 4 S S 2 1
R TR R & A A 53 %0 Bl BR A1 L 40 %0 1Y 1 il R 44 Fn
TYORY BR 4N = n W BR R Eh L 4 Eh BRI R 450°C . Rainer
Tamme™ i T K it Y52 045 56 TR A Al iR 5k i A 1 &
Bk A IR ARBUE R P TR 1, EaRED E
SRS IE R T 4 T = o AR AR (53 Y0 il R A L 40 %0 W
TR GAAN 7 %6 (Y BR A1) » I A2 o AR in A 5 %6 MR 5, &5
FWNZ IS IMFARUE TR B8 e m iR T po ke o, i H e fE
FRVEVR B th R 19 400~500°C #2531 550°C , FRAK T4k h
NO,  Fa ik,

®1 HELHARWESHERD

Table 1 The thermal physical parameters of the nitrate:**
P i ) KR WA SR B SHR BA LR WA L W(TLMKETE KRR AL

C J/g W/(m-+-K)W/(m-K) J/(g-K) J/(g-K) g/cm? %
KNO,-NaNO, 67 ¢ 33 133 170 — — — — — 13.5
KNO,-NaNO,-NaNO, 53 : 40 142 80 0.51 0.48~0.5 1. 30 1.57 1.98 —
LiNO,-NaNO; 49 : 51 194 265 — 0. 54 — — — 13.0
KNO,-NaNO, 54 ¢+ 46 222 100 — 0.46~0.51 1.42  1.46~1.53 1.95 4.6
LiNO; 254 360 1. 37 0.58~0.61 1.78  1.62~2.03 1.78 21.5
NaNO, — 270 180 0.6~1.25 0.53~0.67 — 1.65~1.77 1. 81 16.5
NaNO, — 306 175 0.59 0.51~0.57 1.78 1.61~1.82 1.89~1.93 10.7
KNO;, — 337 100 — 0.42~0.5 1.43 1.43~1.4 1.87~1.89 3.3
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Table 2 The thermal physical performances of several salt molten salt composite phase change energy storage materials

AR R BE R P i SRAEN

= el 5 A o
I I BORRAMEO  glem’ T 1/(g-C) /g W/(m-K)
R Na, S0, /Si0,™” 50 1.8~2.0 880~885 1.25 70
Na,CO,-BaCO, /MgO-"" 24426 2.88 685 1.154 83 —
Li,CO,/ Ni*¥ 2y 85 — 720 — 1520 24.7
K,CO, /Ni* 2 85 — 898 — — 17.59
S5 AR 4 Jm Na,CO, /Ni** 2 85 — 852 — — 20. 38
LiOH/Ni™* 2y 85 471 14. 57
NaOH/Ni“** 2 85 320 13.21
NaNO,-LiNO, /& ik £7 21 93 — 194.42  1.775 219.8 1.0275

3%
X—EIE-L
EF
hmy|
7
fit

NaNO,-LiNO, /7 2k g5

— 193. 56 2.567 157.2 2.2587

6 RE

AT AR ] A A I il R A i BB A ) AT 5 R
LRGN IEFCT7 1) EZ AR LU 3 A7 1« (1) 4 il 35 4
ARt AR 4 A P R R R T 3 5 (2 o i AR S R Y
JEE b 5 (3) 0% il 5 AH A2 52 B OBHA A2 45 T+ BEMOGRAIE B AN R
MET7 ¥ o R A AR AERE BRI MR/ S JLF T8 v AR 2
B EHL R 2R BN X B AR T BOMAR Bk B 22 3 T4
FHAAR & DA i B0 0T 5 T A5 o 200 5 T AR S 6 L 1]
o

S % Uk

1 U Fh AL, X A L. K B BRI & R Y R N Kk R s
(1. BHE AT A2 R IR . 2001,23(4) : 35

2 BB A, TR KIEREA A LM]. Jbat b2 T
A A 22005 1

3 URMEAR . B R A, B B AR IR S T A e SR A LML AL
50 A AE Tl Y AL . 2006 . 27

4 ZEAe L, BRI . 5 5. K B Ak B AE B R BF X LEO/OL .
http://www. newenergy. org. cn/html/0085/5310817838 —
1. html

5 Moh Ammed M F, Amar M K, et al. A review on phase
change energy storage materials and applications[J | . Ener-
gy Convers Manage,2004(45) ;1597

6 FATE BB AR B SMHIM. 504k 2= Tl
H AL 200513

7R, DT, INVEE AR ARAZ M RE S AN M. S E . b
FEI R b R At B 199649

8 Francis Agyenim, Neil Hewitt, Philip Eames,et al. A review
of materials heat transfer and phase change problem formu-
lation for latent heat thermal energy storage systems[ ] ]. Re-
newable Sustainable Enerage Rev,2010(14):615

9 BRI KRR SN A M d a8 8 Dok i AR AL.

10

11

12

13

14

15

16

17

18

19

20

21

22

19985

Vi B T, B2 0 A5 R I R TR KB RE B R A T i B
L1 7 AR AET..2001(11) : 49

RS A B PBOR BN I EM. bt A2 Tl i bt
#1,2004.:150

AT B AL RBE A BOAR 5 B LML JE 5t 2% Tl
AL 2004 : 84

Wyg G, A P V. &SR K H R ML Jb 5t AL T
A AL, 1989157

Venltatestly H V,Frois R T Le. Thermal energy storage for
solar power plants[ C]//11th Intersociety Energy Conversion
Engineering Conference Proceedings. State Line, Nevada,
AICE,USA,1976.1:606

SR IO FLAE A, S AR AR J e A I M. &
HE < B BRI At . 1996 :410

BEAEC, T, B/ 22, A R R TR R 1 ) A B A% T A
B[], FEHLER Tk .2008,40(10) : 15

B SR T BN 22 A TR R 0 B P s R AR
PSP HTLI ], JEHLER Tl 2010,42(1) ;22
INEET L R T E DT, K BH B e R B B R 2 0y 5
e )] R AR 3R AR . 2008,29(9) : 1092

Alexander ] Jr » Hindin S G. Phase relations in heat transfer
salt systems[ J]. Industr Eng Chem,1993(39):1044

Kirst W E, Nagle W M, Castner ] B. A new heat transfer
medium for high temperature[ J]. Trans Am Instit Chem
Eng,1994(36):371

Silverman M D, Engle J R. Survey of technology for techno-
logy for storage of thermal energy in heat transfer salt[ R].
Oak Ridge National LLab Report ORNHTM, 19892

Rainer Tamme, Thomas Bauer, Jochen Buschle, et al. Con-
stant temperature and pressure process steam storage and
generation with PCM storage results of the German prosper

project [ C ]//DLR-German Aerospace Center-Institute of



o 42

PR AL

2011 511 ACE) % 25 %% 11 4

23

24

25

26

27

28

29

30

31

32

33

Technical Thermodynamics Report. Germany, 1993
kBN T # L. ZOTIR G B R 1Y & KRR B Y
(1. KP4, 2009,30(12) ;1621

Kramer C M, Wilson C J. The phase diagram Of NaNO;-
KNO;[J] . Thermoehimiea Aeta,1980,42:253

Tufeu R, Petitet J P, Denielou L. Experimental determina-
tion of the thermal conductivity of molten pure salts and salt
mixtures[ J]. Int J Thermophy,2002,6(4): 315

KO IREREL L B0 A o T RO S bR Rl R R il i A
RIS B LT ], b [ A2 B R R 224 41,1995, 29(4) 1 464
BT AN S 5% B E L XK A5 TR B TR R T ok i S I O Y
[CL//mh E LAR R B 2 2 % FA A% JTT 2% 2009 4 % R 238
1, 2009

X, A SR B L AL IR S AL R ph S ae [T .
TR ,2008,29(12) ; 2131

U YA L I A0 B /KO Y8 2R Gt 3161 O B A0 A5 T AU o g 3
5 #F LEO/OL ] [2009-7-23 . http://www. exam8. com/
lunwen/gongxue/dianli/200907/1163771. html

Goods H, Braushaw R W, Prairie M R. Corrosion of stain-
less and carbon steels in molten mixtures of industrial ni-
trates| R]. Sandia Report, 1994

Balandin A A, Ghosh S, Bao Wenzhong, et al. Superior
thermal conductivity of single-layer graphene [J]. Nano
Lett,2008,8(3):902

Yu Aiping, Palanisamy Ramesh, ItkisM E, et al. Graphite
nanop lateletepoxy composite thermal interface materials[ J].
J Phys Chem C,2007,111:7565

Zoubir Acem, Jerome Lopez, Elena Palomo, et al. KNO;/

NaNOQO;-graphite materials for thermal energy storage at high

34

35

36

37

38

39

40

41

42

43

temperature: Part | -Elaboration methods and thermal pro-
perties[J]. Appl Thermal Eng,2010,30:1580

Zoubir Acem, Jerome lLopez, Elena Palomo, et al. KNO,/
NaNOQ;-graphite materials for thermal energy storage at high
temperature: Part [[ -Elaboration methods and thermal pro-
perties[J]. Appl Thermal Eng,2010,30:1586

TRAR W58 TRAR. I A AR /A B R B3 TE ML ER AR AR B ORL #
Pk RELT ). JEHLER Tl ,2010,42(5) : 24
ARSeHE, B4, M. SR SRR R S E R R
il # 5 PEREWF 72 [T ). ABE T2, 2005,34(1) . 8

Hame E., Taut U, Grob Y. Salt ceramic thermal energy sto-
rage for solar thermal central receiver plants[J]. Proceed So-
lar World Congress,1991,2:1937

Gluck A, Tamme R,Kalfa H. Investigation of high tempera-
ture storage materials in a technical scale test facility[]].
Solar Energy Mater,1991(24) ;240

BREA RAZIC T 4E. Na, SO, /SI0, &4 3 IR Y
WEFELT]. BRI & 5 A - 2003,18(6) - 21

SRATTC AT 0T A A, TONLEL /B 5L S G % e A R Y B
FELT 1. BRI FE 22 41, 2000, 14(6) 1 12

A, k1700, 4. Tk A Nay SO, /Si0, B & & bk
BRI ST LT B R4, 2003, 17(11) < 11

Wang Hua, He Fang, Dai Yongnian, et al. preparation and
characterizations of a heat storage material combining porous
metals with molten salt [J]. Proc Int Conf Power Eng,2003,
9:13

EREAR, A AR e B b v TR A AR R G AR T A
[J]. A BE T/, 2004,33(4) 5

(FTAEHRBE M )

(k4% 33 1)

41

42

43

44

Maruthamuthu P, Padmaja S. Huie R E. Rate constants for
some reactions of free radicals with haloacetates in aqueous
solution[JJ. Int J Chem Kinet,1995,27:605

Danilczuk M, Schlick S, Coms F D. Cerium(|l[) as a stabi-
lizer of perfluorinated membranes used in fuel cells: In situ
detection of early events in the ESR resonator[ J]. Macro-
molecules,2009,42(22) :8943

Danilczuk M, Perkowski A J, Schlick S. Ranking the stabi-
lity of perfluorinated membranes used in fuel cells to attack
by hydroxyl radicals and the effect of Ce([ll): A competitive
kinetics approach based on spin trapping ESR[J]. Macro-
molecules,2010,43(7) :3352

Xiao S H, et al. Degradation location study of proton ex-

change membrane at open circuit operation[ J]. ] Power

45

46

47

48

Sources,2010,195(16) :5305

Patil Y, et al. Model studies of the durability of a titania-
modified nafion fuel cell membrane[J]. J Electrochem Soc,
2009,156(9) :B1092

Zhao D, et al. MnO,/Si0,-SO; H nanocomposite as hydro-
gen peroxide scavenger for durability improvement in proton
exchange membranes[J]. ] Membr Sci.2010,346(1):143
Zhao D,

(Cs, H;- ., PWy;, Oy, ) loaded on ceria-degradation mitigation

et al. Cesium substituted 12-tungstophosphoric
in polymer electrolyte membranes[ J]. J Power Sources,
2009,190(2) :301

Schiraldi D A. Perfluorinated polymer electrolyte membrane

durability[J]. Polym Rev, 2006,46(3):315
(FriE%H%E # 3)



