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Abstract

Solid-Solid Phase Change Materials (SSPCMs) have been widely applied because of their excellent
heat storage capacity and thermal cycle stability. However, they are often damaged by external stimuli
during processing and use, reducing service life and even causing safety hazards. In combination
with the problems in the research and use of Solid-Solid Phase Change Materials, many researchers
have tried to introduce the concept of self-repair into Solid-Solid Phase Change Materials, endow
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the materials with self-diagnosis and repair functions, and extend the service life of phase change
materials. In this paper, the preparation methods of Solid-Solid Phase Change Materials are reviewed,
the main mechanisms of self-healing technology are introduced, and the relevant research progress
of constructing self-healing retractable Solid-Solid Phase Change Materials with different self-healing
mechanisms is summarized. Meanwhile, future research prospects of repairable Solid-Solid Phase
Change Materials are proposed.
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1. 5]

PRI 1 2 5 1K SR IR AT FE S TSR H 2889 hn[1] [2]. 4R, 7Efl LA RedR R, W
7R T P B IS Y ) R THDGT BRI AT SR (1 AR A AL, BRIRIL 1b S T AR RRVR T R FH B 7R JE IRE 3] -

AIFRAE REVR E A ARE . OKBHEE. HuAABEFIEI BESE[4] [5] [6]. BH T T FAR BEVRTE 2 [ AU [A]_H )
AN e 1, DL R ZE T RSB AR A P B A BRI 5 P (R AN Rl T, S8 N S AT R SR = AR & [7]. HAT,
RE B A & 2 R e R fa ML A R 77 Kz —[8] [9], Il Id R B AR NE I A7 2 B, ERe LN 78 2 1T
W 7 A R SRR R, AT LUK OB AF I RE R DUE M )7 U SEOR R, TR AR R
VRAL TR AR (] 23 (AT S B b AN b A e . 7 R L O AR e XA EE B I AR FH A R e PR
U5 90% A 1-[10] [11], PRIBL, Gnfaf i v A RE (0 B4 S8R AN it A 5 T ORI T A R [12] [13]. R e LA
DRI BIRR it e A kl, I A Be b4 M A7 BB I BOR TR N B fifi /750 R (Thermal Energy Storage,
TES) [14]. #EEMAZN T R EBD MBI BAE GRS RGEAR[2] [14] [15], Wi 1 FoR. B
fiifi&(Latent Heat Storage, LHS) & 7| FH AL E AR A8 ok F2 vh R ek i A7 BRI e &, B 18 1) TR IR
FE. AR B BN R AR BRI L, S H TR iR 2 o B R R AT it e 7 2[16]
o, ERAEBEA EHEBEFR AR AE A1k (Phase Change Materials, PCMs) [16].
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PR HBPRAS 78 1 A TR AT RS R R o DRI, AR SC 32 SRR AR AR A4 R AN BT [ ACF im0 e ), IR
TAREEENE, e TERe AR R B e S MR s, EE - FEAEM R R
UF B A7 R 5 AR PR R, R DAHRAE AR, SEIARAS M R PSS 1
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Figure 1. Classification of thermal energy stroage
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Figure 2. Schematic diagram of phase transition process
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FHASM R, AT AR AN FRE AR g AT 22K
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2) HRYEAHAR IR RV, T4 IR HP R AT R = R SR (3] AR A AR A4 R I S BBl E-50~20C
Blnyk s SR ARAS R R A AR IR BEE 20~100°CYaFE A, Bl WG HLAT & 2 AR S EniR A A AR B2
£ 100~1200°CYE Y, FZR—LTEHLE .

3) MRAEAHAEHLIE AT 43y [ - AR RE. W - ARSI RE, [ - WA PR B - [ AR AR R
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HARR S R P AR R AR K, BRI P AR A AR A RS R b o 8] - AR AR AR FR) R A i 0, 35 e i
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gt 2. SRR, AR E B FEAE AE, SRR RS R AR TES S
o, AR PR B AR AR S A, 2O R R, SRR [18] [19]. [ — [EAHAR A AL A i ik [ 44
R I R A £ o 2R A A SRR IS B R Tl A, B AR /N L i /s ELAE R A A K SRR R [20]
[21]. [l - YBOARASAA REANE - [EAEAR AR B BT 70 2 Bt A AR A R .
2.2. [ - mEEAR

- WA A2 44 #}(Solid-Liquid Phase Change Materials, SLPCMs)& — & ik [F A5 A1 AH 54548 S
RS A7 5 R AR [18], L TAE I 3 Fron. MAFEARAHAE MR 4652 2, e TERTLE I B DL &
IR EFIARE . BEE ARG, RERRE 2 T, BEARIIEREE . b, H
P 23 T HEA H G P 1 d R 5 A A RROE 7 B AR SR S5 84, 2 AR IR [ 25 A AR AR 46 475 fik 5 128 7 A2 il
WA, RN, #RE DA RRE 00T AEAE, ARSI RRRE FOR B ORIFLE I AR 2 P o B 5 T ) R4S
FE AR IR SE A AT AETEAR S MR o B IR TR, VRS AR MR R LR BT Uit A7 4 BE o IR,
R ASAHAE R TE UG VA H BIAR S A RO 45 SR DRI, 5 R A A AR AR T 0 it ] S R S LT S i 1 7
() o AR ARME ] - YRR AR I R A AT e AR AE G e R, (R, B AT e BEAE S B S F rh g AT 4
B, G - WARASRARE, [ - B A AR (Solid-Solid Phase Change Materials, SSPCMs) 5 A (I #54E
THAT SRR RSN oA B 3 S R AR E 55 [22] [23].
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Figure 3. Working principle of the Solid-Liquid Phase Change
Materials
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FHAERRH24] o XA TTVE W S IR RE, — R B A DY TR ROz (9 2 JeRE A ML S (S R 5 1),
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RETIARE26] [27] [28]. B4, BRAVERER 1A B A AL R[] - [BIAHAR . R4S — ] - [ AR pL 2
PR R I DI, W] DARIIN R AR 2 A ] - [ e AL AR BRI

FESE Mgt Aras s> TREE AL A S T R A, BT RS BORASTT A dREh .
XA BB R T - BEHASARH29] M55k [30]. fEm 7 T8 - BAHASA R, AR 7y i
e R4 [31] [32] [33] [34]+ MRBIKA[34]. MESCAK[35]ACRIL R [36] %5 7 sWAE 45 4 EIR A K77 T4
HI42R £ —KE(PEG) BRI A LFE(PEOYF N “HRB” HA I N “fiBL” MREWH R L, HiREILT
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Figure 4. Crystalline structures of polyols of SSPCMs: (a) tetrahedral sheet structure; (b) face-centered
cubic structure; (c) amorphous structure [28]
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Figure 5. Schematic diagram of phase transition of grafted polymer SSPCMs [37]
B 5. BARAY SSPCMs #HEEREE[37]
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Figure 6. Schematic diagram of phase transition of block polymer SSPCMs [38]
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PP 7E S E[12] [40]. IRCIRRERS, BRBUG I AEAAEE, (Bl TIEATTHU RS L, BRI
Bl Z BRG], Pk, APRHREAART CAAERR AT . I RIRAS S 20N, BRBUE v 1 e rh 45 O
e, WiE 7 foR. AL RSP RARASIR B S AR Bk T b S A B, HL A P i
TR g, X MBR TSR AP R E B KR ITR . T RN EMA S KA
A2, JEHARERA CAEIE” . DOTAENE RSB RS SO, TS HEATER[41]. FAh, EATRIE -
[E A A2 AE 1000 AR i A2 58 4 TIE I, AR AR R Th AR R AL 21 5%~10%. XEEH LGB EY
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Figure 7. Schematic diagram of a perovskite SSPCMs [40]
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AT, B BAE s A TR, EREW R T SMEN R ES S, il hprEE -
W AR RHA2] 5 3) AU B 5 A T A4 T AR S Lk A AR A e i 8 SR8 i A AR} A Ak BE AN AL
PEgE, Hr, SREAMAEYIR, SR NREGM40].

3.1 WRESAFESSFE - EHRAZEMR

i 7 T AH AT B ] - [ AH AR — P DLE RERS RE A 20 T A RHE 452, i M B s fe =205 12,
FEARAEAA BB AE SN TR LA, AT TE - XSS TR IR RL[43] o 151 8 AR BEAH A AT LA
B, ATLVEL, MBI RSN RS, Hh, BUREETE S AR R A R AIAR AR AL KL,
FEILAE R A - AR AR AR AL S, S T B A AR p e ek fe, JFH - ERRE L YERF
THEALRER R E N (BIXM 25 iR SR R0 5 W, e A I T — AR R v AR,
FAAEFIMARUR, ZIRESE . Fang S8 N[441d RO B & 10755, M IEH DU ke ket v tdae o, il
T HUORMIRRE R - FAHASARE B 2 A E AT, 2R B B A A AR B DL B R AR
AR, AT HARARIRARAE A R Pl 15 00 e 8 RS R/ E B2 PR IR 52, WE ORI, fERE N
1500 rpm i, URZEER/NHESE: 53— 771, NaCl MEINA B T3 s R ZEAR AR AT R A e 1, A
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Figure 8. SEM of microcapsules [27]
B 8. MARERMBERE27]

3.2. YIRERIES S FE - EEEMR

Lian & N[45]80 0T T —Fpd ZUAHAS P RE, 8B Al . B 4 MBS 3 = iR (D18),  DARIRIRA
PIbE —[Z(D230) B, e 1 — RAUME - BAHAH KL BT AkS S D18, D230 I8 RAFAHHEE,
SETE AT AR, BEETE 180°C iR BRI A R Fae v S R v, AR AR I A
ik 152.6 Jig. Ak, BT SRAHMAZAER, ERMARRELL T, D18 i v E K 1 3.1C. XI5
H Tl 4 772181 B SIS AR AR . ATEE RS DA B AR AR R, BRI B AT R, oI
fib B R ARAS MR AL 7 BT B . Qian 2 A[46]LL “SERE” WU A KON R, Hl& THR R L B
(PEG)/SIO, HAAHAL M KL, DL PEG 1EARBEMEAEN BT, SiO ME %MK, [N, B7ik PEG WitHMt R H
o, SRR - BRIV A S K BV RERR AT, BRI R L BT R] . SR NI OR FE . ROBEI
T¥1) 11 [ EE 2351 9 900°C . 60 min, 20 wt%, 4 h Al 4 mL/g if, SiO, BRIl ik 60.36%; 4R )5 LARERR
BN HONRTIRAR, 8 R R B R - B E % ] - AR R, SR 2 R RAE T BRI AT 15 0
TSR B SR VERE 25 BRI - AR AR R A A G m AR RS, HARER b A7 A 70 Al 3Ee e
Poss Ak, ZAEHREA H gl PEG BRI T 22%.

3.3 EERIEES FE - EETEMR

Tian 5 AN [A714& H 7 — PRI . Brsii il 2 [ - [E AR AR R SR, i a2 5 2 — I (PEG) 5
A m-m @I, TR A m-m HERRJE B 3 231 (R FH 0 ANMOR 280k e T 58 £ —BEAE il T ks, i
BT 7 [ - [ A AR AR s R kA B (105.9 Q) I S (A As e Pk . thabh,  FTRT BRI T2 AN gk
(CNT), LM SSPCMs [t - kbt R S R 8. A antk, Pl & 0 - FE AR e A B
UFIIZEBINE, A5 o N R BERT ] 2 9 4 4% TR ARG REAF A6 A R

Fu &5 \[48]id 1 ¥2 5 5 R LA K AR e it 32 5 5 0 e A 1) MR s e A SR, Bl | S i R & —
BN PRI FE R AR A AR GPCMS) N 45 o AR T 22408 BHBPCMSs) M 4%, GPCMs i KR FE/b AR A
FHASDIRE S ot S B AR, 32 PEG 1E AR S ITHIMaNTE, {8 PEG I8 2k & A A b [F]
W, X244 BPCMs A LI, Wl 9 Fir. 455K, GPCMs M4 1) PEG 1.7 %1k 98.8%,
PO ILF] 98%, WHVE EL 155 g, HILE GPCMs IR R B - [EAHAEF R I A AT . X TR 7
A5 NATTIRT BLAT B i R IR AR A DR BT RN B IR I B A
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Figure 9. Synthesis routes of (a) GPCMs and (b) BPCMs; DSC curves of (c) pure PEG, (d) GPCMs and (e) BPCMs
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ARMPRHE A AT A2 b 5241 ) 0% 5 A s = AR B, S BB IEE O TR, BRI E -
WA RO A5 o Rk, AT HERDREII [ - ARS8 1) Z MR

EAEE MR — P RERS BN AN R, R HRIB R, WEEARHER R B SIANARER
VEREA B T SERAPRME ] A i, SR ERE . TTLAMA . SEBLT 8K JE[49]. o HAh A R R 2
5 VRSB G K B SHME R I RAE A 2 AFE . Wil 10 P, W RS2 405, T Lo B 5 LR
TBAAFR) 23 e AN [ B E AT B FAZ R [50], 24 NAR B2 SR i i, thn] DOE I B 3 B 3 fz R i
AR &S, B PR RER DI BB R IR[51] [52] [53] [54].

HT SR BN s S EARE ), WERAGWARRINE BRERRE. ST X BHE KT dr 7R
Mok, HEERA 2O A SRS B IR SR ERME S HR BB N p
KK HEAHBEMEAMEAEAREME. FE8EABEMBTEAEMEARRNESH, EEam
Trid R R R BB AR B A I R B IR RS, bR AR (AT RE 52 2041 B 1
IS TE0 P A S/ B DL i i n e Rt LR eg vy I DE RN 0] T S P i D Ep BV E L ER (B W)
SRR 5 7R i B 7 B A AL, iR e A OB R — e I T /R, SRR S 1B R
17N[51]. BEBBEMBATZEIMNE ST, TR A B A7 IR R 3h A b 8 s 551 =5 = A
HAER RSB BB E[55]: B EHBEME RGN Loe 4 B RS EHERE, tha] DU 2
BRI RS A RHOR R E K R A %R L s, —SRER M BB R RS, H—
RN M B EBERE
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Figure 10. Self-healing phenomenon of emulsion gel after bark
injury [50]
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N AR REMS KSRGS R ETAER, X s A5 5 5 /A BAEH 24 S5 m
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ARG EESREE , (EADRHRHU IR R, TR B E AR BARE 3%, Hor, B S 2 WA Diels-Alder
R Z . BRSSO SEAA &R [54]
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EWEILERUE RAEVER, BN TGRS W R B, FE HAZN B ™= P T LATE s i s ml i
Diels-Alder [ S J5 o 3% Fh AR RT3 (1 2 SRR AR 2 3 25 ATl 3L AR 2 R 43 T 7 B % . Wu 55 A [57]LASE
LT NRE A TG, AW NARSHE R AL, Id #n i Diels-Alder fo il 2 tH— 43 B B3
ACHEMZS 1) SSPCMs, W14 11 fitzs . AR BAG W e SR RIRR SRR /0, RIS, #ATId DA RS 1%
[ - B AR G R AP A A A S T2 . 200 2 IR G IR 5 (088 LA 1 S IR LA 2 e A
A7 RE 77, AESEBR AR o B VB AR (Y R AN E

IR AR —AE T2 A E PSR, Leibler %5 A [58] 15 78 [HIWSCRI FE I AR50 AR, 8l /i 22 46t
RBL, HBNARE IR AV L dh M, 8 T B miR A R AT . DRI, TR R IR BE
TREEARAC 2 B4R JE 2 i A A, SXFAT R 5 TN AR AL, DRI, BIF 703 4 3 h ) 4 2 G fiw 44 BBk,
HBEAE AT AR AT IB I . IRE R IR E AL I FE b 2 = AR R, TSR ER A B & £ 5 L, =2
HE— 25T K N 2% B A A (B AR A4 K . Rivero 25 A [59]3@ 1 1 ] Diels-Alder [z b 4H B R & s 515
70, LA 40 ] 4% ok g k[ 1 SR IR AR, JF AT DR IR AN IR B 26 N e B2 2 . BB EN
BN ESeE R O N BREE B AR BE R TEARICIZ T RE, K I 2 S5 R i B R A Sk R I 43 A
gitr, SRRIEIE DA RAEANAS P SL o SR B A, TSR A S 4, AT A6 SR SRR A RS S i,
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Figure 13. (a) Preparation principle of covalent cross-linked polymer gel based on reversible
covalent acylhydrazone bond; (b) self-healing process of gel [60]
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Figure 14. (a) Dynamic disulfide bond mechanism in V-PCMs; (b) recovery of V-PCMs
by hot pressing [64]
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Figure 15. Physical image of self-healing material based on disulfide bond; (b) to cut
them off; (c) and (d) contact the sections for two hours; (e) and (f) no fracture under
artificial tension [66]
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Figure 16. Self-healing mechanism of supramolecular materials [75]
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