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Abstract: Energy storage is a promising large-scale
technology that effectively addresses the mismatch between
energy supply and demand, while also optimizing the energy
structure. A comprehensive review of recent advancements in
material systems, preparation technologies, and performance
characteristics of thermal storage technologies is provided,
specifically focusing on chemical thermal storage, sensible
thermal storage, and latent thermal storage. The composition,
structure, preparation processes, performance characteristics,
challenges, application prospects, and future development
trends of varions thermal storage meterials are analyzed and
discussed. Among these materials, in the process of phase
change, the absorption or release of latent heat of phase
change for energy storage and release of phase change heat
storage stands out due to its significant advantages, including
high energy density, ease of reaction control, and exceptional
safety and reliability. Moreover, the paper explores further
research progress in the realm of phase change energy
storage, enhanced heat transfer technology for heat storage
systems, and potential applications in different fields.

Key words: energy storage; phase change heat storage;

phase change materials; enhanced heat transfer

OE: EPEN AR AR AL RE AR,

EEWH: HXRARREEA (U21A2087) ; LG A AR
3 4x (227ZR1403200)

National Natural Science Foundation of China ( U21A2087);
Shanghai Natural Science Foundation (22ZR1403200)

ARG S RE DR OR R DR E LA RE DR A5 40 . Z33d T3
JUAE RS T A 27 it A | I BAVAE FIORITAR 722 fitt 0 O A B4
FORTRHA ZR T8 28 M PERBRF AL, X 2% Fh Akt AR R Y 41
JIG B R PR R T B DR L 5 B ke i
0 ridie s Ho, M RTAHAE A4 B A AR i R v, Wi
I HH RS VR BAOR AT BE o A 1755 R P A A i K S
TR e EHRA SRR EL ., ST,
XS A 2R 14 732 At R 2R 8 A 1 IR B LI KR 45
D7 RIS AT 1 R

KSR BHAE; AALOEE MIEAPRL; SRALAE A

0 3|7

PBRAR AV A B2 B RRIER T BCR R R
Z— , HAEHE S B R RE TR AR 2R 5, U AR 22 4 it
B ik G ik TP R LR LA D8 BT RE IR + ik RE — 1A
AT BEATLAR BT S5 B 45 07 TR AT .35 750

IBHRETE — Ml MR A B D9 A
AR PR PHAE G B M3 Tl A A A5 AR BORE
HL R o BB AT (A7, 7 s 22 R T LA
Peph ] 2 ] e L A R IR 4G 5 AR A
DC e Ffr s SR (9 TR, K Ao A i A BIR B8 i e 17
B ARG REIRAHRCR . ERENT 73 e
PR S A BRI TS R A Al R fi A
FI R 2 WA~ B e R A A7 BE i 6 S IO 33
ZOR R A R ORI, BOGHE R AT ; 2 34
A FHRERE B B A T T s AN AR o A B

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



HUBLS RN, 55 51 4%, 45 2 31

Electric Machines & Control Application, Vol. 51, No.2, 2024

45

(AR AL AT IARR BB A/ R, ARt TV i S 3
fitt ke B ARG R, DRI A AE — 2 A 8 Py B 5 A
AEAEIRER | MOPRTE it IR | i FHARZS A1 8}
(Phase Change Materials, PCM) ) I/ #4 fE
HEAT AR Y AERE TR, PCM N (LB A o it 74
BT HAHZR R BE AR E , P I 7 R BH BE A T
JB PR AR R S R e DA B T i A 4 AR
A Z R HRTE Y

PCM 278 At P R G0 A% O A . AR 40 AH
IR ALK PCM 3 g IR AR ZZ A48 ( <100 °C) |
H AR 22 A4 RE (100 ~ 300 °C) ey i AH 22 A4 R
(>300 C) . fRIRAHZS BB 3 22000 5% A LA 22 41
BE AN ATIEE N TR S AT A= 1 26 1Y) ] - AH
AERPRLL S 22 O RE | IR 20 25 1 (- [ AE AR B4 R
i RAHAE AR E O TR MG &2k, 56
SRR L, TCHLER S A 78 A1 i L X
BT PR LB v HL S il a5, R v T A A
AR AT B Ay (3 A SR 41

25 LR A SC U B R 58 5 5 B
R KT LA PCM Sy = (1) fifg #0489 B 21
BB HOR PERERE R RIS AR Y R) e K
AR 5T A

1 FERARARRAREREEN

1.1 BRRBESHEEEN

REVRAE J At AN T sl i (9 ) T ik R 25 %
JE E B ) 5T AR AL R B 2,
i RV, i FHb & Ers AR DL S R 28 5
[ 850 55 2 o DR 28 A B 32 28, A O [ 58 4K R VA B
O AERBEVE AT SA N BB . VB RE IR I FE K
R U ] 81 0 1l Ry 3 ] 28 5% R 1) 7™ DAk f5 A o 24

REVR Y THFE £ B TP 7E Tk AR 7= A s
VIR S RESE 1T o 9% 1 Y 48 W) & A 1) BP
TS RE R R B 2020) 48 1 : 1990 4FJ5 (1 — 47 [i]
4Bk GDP H 46 {23 o3s K 5 109 Ti{2%E e,
ARG K% 3.3% 5 A il 53 {21 K3 74 12,
AR B R 1.3% 5 — IR B R TH FE R 1R 8 142 JK
Wi 24 B3 3 13 276 JKmdiii 2 &, A7 B K
K 1.9% . 28 BP (TN, BE A B E Tk R T A
FEFE 4Bk Tl A 7 FE AR 1S K 1K il 2% | 2050
AP AR 2 A R B R W RE IR T 2 [, BB VR T

SR 2 BT R, (AT b7 A BR BB VR T 9% 1 4
(9 20% LA _F o K77 K J T BE U5 AT P4 RE TR 2
T BEUR i 1 1) OC B BOOR , 2 OR B R [ 48 9% )
Frel kBT BT

PR ae i 2 e (2022 T LRI e B2 ) Hie i Al
i 2R AE IR BRSO R R & R T S b AT T
U A A RRHE 2 BR BB TR 2548 Hh i HRE I H
AT 80% i 28 2030 4F- 11 75% , %] 2050 4 &
60% o M5 AT REAE 21 120 30 AR s
NI TR . ARYETR E AR A& R g, $2 71
AIFAREUR (7 HE, 2 R AR VR A RS AE T o

WA TE RE IR R ik R 2 i . — 51,
KR LAAEP, AR LA AR £ 5
H ] 2 T A i R e I AR R A e
HER AR — 0 T E, S—
D5 T, 3% 7E H SR A T AR B VR & R S R
S G038 1)  T BE TR B R JE B S My . B
2023 4 1 H KA 1 K A O i ARy b B 2 60,
) LR A5, A 2021 4R, R EREIR S5 15 28] T
HH J RV T VRN 2% L EE R 2012 4R 1Y 14.5%
T2 25.5% , A5 ¢ TH 2 BEE )AL 2012 A1
68.5% T2 56.0% . {HAFEH A E, ol L AR IR
KNI 2 10 42 kW, 7 4 [ 5 & i e
HLA LY 44.8% o, ELAART &, K H XU DL RSBk
KRNI T 3 12 kW, 43 51l T 4Bk 5t
A, AR A R UR , K 2 B0 5 AR R A Dk B
P TRV YE DL R AR S SRR, B S 3 RE A
RELEMTZS [ AARDEEE ) A% B R AR S Ak
FERE L, 7R BRI LRI, WA SR s T e U5
(B, 25 B e B LR
1.2 fERFERHOBEY

AR A RRIR G A BT & 5 AR SO TR = R
FHAE R 685 4538k P4 TR IR 37 A9 T K B % 2
ST AAESE BRI I 2 R 2 A P AT A7 A — 2 ()
LI TR 24/ i N ST g 161 i v € o N D o N B
REAXRE AR ] P RE ISR DL Tolk A4 AR
MR IRGEIE I3 ) 52 e R 4 . R84k (B
G ) D T AR A s, HLAT B B () R 2
PSP R AEHRAE , IO 2R  p RE = s, LA
Hm I &R DOBR & s R R ) & R ],
ot B R A AR PRI T R M LA R T
W (2SR, B M e L N 32 2 s 5 e 4

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XA A RRBRMIE T IR B A AR i A 5 R

46 LIU Rui, et al; Current Status of Research on Thermal Storage Materials and Progress in Phase Change Thermal Storage Research

IBATIE AR, “ FEOCHFE N R E,
LSRR AR mEE] A3 A ERDE S, PRI
191,38 F I T 5 G T P P B g, 20 e ST R £
AT AT VRIS A A e 107 08 SBCRAT BT RAR 55 452 7]
R, S R W I B ) R T L e A e P B A L
AL o TR I )/ — DI A A R R

a1, Y TR TCTE S X o e i, ok
ZAINBE AL i B 7 20 b X, 2 o il 7
FR LR

it REF AR RO YL L R B S5 . i AE
IRARZ, % 1 R ARTE&YERETe bR [0y
XT o

£1 TREfERES BTN
Tab.1 Comparison of different storage methods'"
WER /MW 24 SRR PR CR/% LEs i i F i/ 4F R
% /kWh % /kW
ik fig e 100-5 000 1-244/Niif 70-87 5-100 600-2 000 30-60 ik
JE45 75 At 50-300 1-24+ /Nt 70-89 2-120 400-1 150 20-40 Rl Ak
e 10-200 1-12+/NAif 40-90+ 260-530  900-2 000 20-40+ Rk AL T it
kEAkTE 0.4-20 1-15 43 80-95 1 000-14 000 250-25 000 15-20 Rl Ak 4
B S/ R L 0-50 Fb—24+/Nif 20-85 6-725 1 500-10 000+ 5-20 Tl Ak 1

MEERREIR AL, BV TREDRAG 1 FE el
SEAFHE AR AV IREE o A — R BEIRUR W REIR 2 [F]
ALy, i H B0 EE MR, g8, 2Bk
90% ) HE U5t 15 3 #8 T B BE 1A 5% 8k | % 3 1 i
AR R A Tl A P AR ep, B2 50% (1
REVR T K ST AR 2 LLBE YL NAF e B0, 44k
FEAAS S A5 8] L o8 IR ] TR AR | B
N2 AR AE (G o S B R A H , A
ARIE PG ) o ot RE A S 2 W RO AR,
AL A i RE TR 0 25 A AR, DE E AR RE A A1t

R SR 2 O R R 2 A Pl B2, o 3 1 )
REVRZE G AT T K n] PEAE BE IR LA KA RO I A%
IR, HA L R B A B

2 fEBFARERIE

2.1 fERFARGE

ARG R BE 8 17 AR 19 J7 2K, Rl RE B4
FARY o i TR0 ) BR A R, He rp g B 5 L
A3 A AR AV A R Y R AT
Mo 2 NAAERETOR X LR O

®2 BEEAFRNESD

Tab.2 Characteristics of various thermal storage technologies'’
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Tab.3 Thermophysical parameters of some organic phase change materials

[49]

POERERR  AARIREE/C MR (K kgT') MO/ (K okgT KT BB/ (kgem)  SHREH/(Wem KT
EF ki 16.7-18.1 236-237 2.11(s) 835(s) 0.15(s)
il 2.11(s)
E g 36.7 247 770-776(1) 0.15(s)
2.01(1)
1.7(s) 1007(s)
AHR 44 177.4 0.147
S 23 (1) 862(1)
ULl \ 1.9(s) 989(s)
FAR 64 185.4 0.162
2.8(1) 850(1)
1.383(s) 1 480(s) 0.733(s)
I B 117-118 315-344
- 2.765(1) 1300(1) 0.326(1)
Mk A M 92.7-94.5 232-263.3 - 1520(s) -
e TERERR TR 23.67 121 - - 0.23
R s s 22.12 113.1 - - 0.15
£4 BORWEMBHRYEE RS
Tab.4 Thermophysical properties of some paraffin-like materials'®"
W/ (kg-cm™
YA pK K i/ C WA (Jog ™) FHRRH(Wom KT " e l)ﬂ
C16~CI18 20-22 152 - - -
C13~C24 22-24 189 0.21 760 900
C18 27.5/28 243.5/244 0.148 (40°C) 774 814
‘ S/ 0.358 (25 C)
C16~C28 42-44 189 0.21 765 910
(20~ C33 48- 50 189 0.21 769 912
(22~C45 58-60 189 0.21 795 920
Y 64 173.6/266 0167 (63.5 °C) 790 916
" ' 0.346 (33.6 C)
C21~C50 66-68 189 0.21 830 930

2.4.1.2 pEhrm %k

MR (C,H,,0,) & — MR IR E &, ol A3
FLP) SR BURA ILRE L, oA a5 e 5 2
A, S5 BAMPITER . I8 BRI 5
(AR AR T A BB TR, 6 TG A rh AT G
Lz 5 T o RE R A IR T4 5 4
1oy o — BT i R 22 U R TR 5 B 7 IR R T R
RS TR LA AR R AR o Sari 450
Fr TR AR T — P AT R 00 PR E P i
WitR —Joi &9, HoAHAZ iR A T 34~ 53 C, A
ARKEA T 165 ~ 185 1/, ul J T K FHAREML R R 58
PBEREAE o A TLER 460 ) 2 A7 58 15 8 s
A5, KBRS 8% HIMEZIK AT SR8 I = 4R IR R

OB $ n) iy 0.18 W/(m - K) &5 &=
2.52 W/ (m+K) , Gl b4 A4 i) A0 22 8L T DR 15
A
2.4.1.3 BX

PR Rl ke IR PRl O A e I B Y =
JET- B R P BT A ML &9, 2 o0
(BhE) ooy al A AR R RE . Z2I0mE2E /Y
R A IR TR K, A e P A R AR AR A
FAT 10% ~ 15% , B 7 PR BR Ak P8 B2 FIAH 72 v
P By, HARAZ IR EETE 90~200 CZ[d], 1tt4t,
B BA TCRE O i | R A ERARE PR B 48
SEPEAL B SRR BN B R b 2 B
g FUPURESE AT A TN K Vi d

© Editorial Office of Electric Machines & Control Application. This is an open access article under the CC BY-NC-ND 4. 0 license.



XA A RRBRMIE T IR B A AR i A 5 R

50 LIU Rui, et al; Current Status of Research on Thermal Storage Materials and Progress in Phase Change Thermal Storage Research

2.4.1.4 @5k

BRI R RS 5 Mt i g Tk 52 A B A BL
AW, A RRINTFRTR IR 8 UL . BRISAHAEATRLR
A 143 i i 7 R T RN K B AR W R TG . S BE AR
TR TR I 32 A R R TG F AR R TR , AH A2 R
JEAE 20~80 C 2Z [a] , AHAE IR T 200 kJ/ kg s 4%
U T P AL 722 v PR, AT A L s T AR R | 2%
(Gl N L (ST NS =1 bl X SO s Y N1
T, BRZSAR AR AR Y R AR U BE LA I A 195 R 1) AH
AR BEAR, (EAT OR A A s AR AR TS A, H A P
2 BB P BESE RE R
2.4.2  RpuAE T A% A

TCAUAHAE B Rt 3 207 rb I T 918 161 ) i
G, WSS Rk A AR R S &
S o HAR R FE S A R BUM R EOR ) TR
AR 2 FARU . AHAR 38 5 207 [ - [ AH AR By

B ABAEE T A o, A 0 B A v R R o
3 A7 (1 T S
2.4.2.1 #aKe&HE

45K (AB - nH,0) 2 B )32 (19 16
HURZE AP, AL 5i—BeAE 100 CLUT , B
(R HARE J) (A % B2 A T 200~ 700 J/em’;
B RAR AR B T 3K 350 KI/L DA B CFBR
R (0.5 W/ (m-K) Zefy) R 5 1E T Fl T
Z AR A B A TR R, 2800 1 T 3
PR BRI BAOK R e %0 ok 4k
A M 25 45 dh 7K RIS B 4l K 56 BUARE B A7 Bl
BT o

B Eh K A ORI AR - S B4 b AL PR R
BmREL BEIREL BRIREL M CRERSE . RS W
THUKEERARE B P TES R

x5 EREHKEHBTHENRGESH

Tab.5 Thermophysical parameters of common inorganic hydrated salt phase change materials

[49]

) - FHAR T #/ g/ R/ SREB
MR R AHAR R/ °C B oo . oo
(kI'kg™) (kI'kg™ -K™) (kgrem™) (Wem™ -K™)
1.4 (s) 1 682-1 802 (s) 1.088 (s)
CaCl, -6H,0 27.45-30 161.15-192
2.2 (1) 1 496-1 620 (1) 0.53-0.56 (1)
. 1485 (s)
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1 458-1 460 (1)
1.34 (s) 1 937-2 065 (s)
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169 (s) 15071522 (s) 0.514 (s)
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1.46 (s) 1.720-1 730 (s)
Na,$,0, +5H,0 45-51.3 200-217.2 -
2.39 (1) 1 660-1 690 (1)
CH,COONa-3H,0 58 226 - 1450 (s) -
1.255 (s) 1 690-1 720 (s)
Ba(OH),-8H,0 78 265.7-301 1.17 (s)
0.653-0.678 (1) 2 070-2 180 (1)
§ 1.72-2.25 (s) 1 560-1 570 (s) 0.694-0.704 (s)
MgCl, -6H,0 115-117 165-172
2.61-2.82 (1) 1 442-1 450 (1) 0.57-0.598 (1)
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Tab. 6 Corrosion of metallic materials by common inorganic hydrated salts

[50]
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Tab.7 Thermophysical parameters of common inorganic

salt phase change materials'*"

&Y kR e SELEX v R/

B E/C (klkg')  (Wem-K')  (kgrem™?)
NaNO; 307 172 0.5 2 260
KNO, 333 266 0.5 2110
NaOH 323 170 - 2130
KOH 380 149.7 - 2 044
NaCl 802 466.7 5 2160
KC1 771 353 - 1980
Na, CO, 854 275.7 2 2533
K, CO, 897 235.8 2 2 290
KF 857 452 - 2 370
NaF 996 794 - 2 558
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Tab.8 Thermophysical parameters of metals and their alloys

[35]
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Tab.9 Summary of phase change thermal storage materials

i AHAS LR/ wE/ SFMEH D
AR ARAS IR E/ °C B o . o R/ (Eeks )
(kl-kg™) (kJ-kg™ -K™) (kgeem™) (Wem™ " -K™)
) 835(s)
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o5 2.26(1) 1.828(1)
HL 1.69(s 1507-1 522(s 0.514(s
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1.46( s 1.720-1 730( s
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Thermal energy storage is a crucial technology
for improving energy utilization efficiency. It holds
great significance in advancing the development of a
new energy system, actively promoting carbon peak
and carbon neutrality, and establishing an integrated
scheduling mechanism for “ new energy + energy

storage. 7 Thermal energy storage utilizes heat
storage materials as a medium to store solar thermal ,
geothermal, industrial waste heat, or converted
electrical energy as thermal energy, which can be
released when needed. This process aims to solve the
issues arising from the disparity in thermal energy
supply and demand in terms of time, space, or
intensity, thereby maximizing the overall system’ s
energy utilization rate. Thermal energy storage can
be classified into three types: chemical reaction heat
storage, sensible heat storage, and latent heat
storage.

Chemical reaction heat storage relies on complex
chemical reactions to store energy. However, due to
high requirements for reaction equipment, low-cost
and high-efficiency, and limited scalability, it has
Sensible

storage involves the storage and release of thermal

limited large-scale applications. heat

energy based on temperature changes in the material.

However, its heat storage density is relatively low,

S5

and the storage devices are bulky, leading to some
application constraints. Latent heat storage, also
known as phase change heat storage, utilizes phase
change materials (PCM) to store and release thermal
energy during phase transitions. PCM has advantages
such as high heat storage density and stable phase
change temperature, making it widely applicable in
various fields, including solar thermal utilization,
waste heat recovery, thermal management systems,
and building energy efficiency.

In conclusion, this paper reviews the material
systems, preparation processes, and performance
characteristics of various thermal storage technologies
In recent years.

It analyzes and discusses the

composition,  structure,  preparation  process,
performance characteristics, challenges, application
prospects, and future development trends of different
heat storage materials. Among these, phase change
thermal storage based on phase change materials
stands out due to its advantages in energy density,
controllability of reactions, safety, and reliability.
Consequently , the paper also covers the classification
of phase change energy storage, enhanced heat

transfer technologies for heat storage systems,

applications, challenges, and future research focuses

in this field.
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