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Abstract

Solar energy is a kind of inexhaustible clean and renewable energy, but its intermittency and dis-
continuity restrict its development and commercial application to a certain extent. Latent heat
storage technology based on organic Phase Change Materials (PCMs) can not only perfectly solve
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the defects of solar energy itself, but also can effectively convert solar energy into heat energy and
store it. In this paper, the basic methods and mechanisms of PCMs for solar-thermal conversion and
storage are reviewed. The latest research progress of solar-thermal conversion materials and their
applications in the fields of energy-saving buildings, personal thermal management and thermal
management of electronic devices are briefly discussed. Finally, future research focusing on so-
lar-thermal conversion PCMs is prospected.
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1. 518

RFHAERE AR . FZAE el BRI, HARE AW Re RS RedR[1]. 341
R ER BRI S KRR PR ST, i BRI KPR REREAT AR “iie®)” 516k, BE— e K L oie
EREEVRSEHL[2] o SRTT, KPR BA A Btk 5 ANE SRS 1, RADEIRE) A A AR SR B e #e 46t »
e FIAT RO R R DG AE I [8] 55 23 [RLAS DL G R FBe 3] [4] Ot - INBEE I S 7 i BoRAE L 5F B ]
17y #efE LfEAE, T HRER AR R AL - AR SRR /006 - MR RIS RS,
KB B el e e lihge, BRI RH AT AR I RS, 1 Z A0 AR B R T A[5] . R AARAR
PRI - ARE R R S AR TERE RO IF IR, BB TAPRAR B (R AR 5 SRR BN 4l
A B - AR RE & 32 PR 55 10 eI RE 77 B0 v SO R SR R/ B Ik, A LR - e Ae
FOBF IR ER G, RS AT ROHLRE K BIOE BN I RE I A7 il T AR AR R [6]. W0 1 o, FE AR
SEBUTER. U APLGR L BRI SE LRSI 24 T ORI 2 S AR B
- MEERF S S AR

Table 1. Solar-thermal energy conversion and storage properties of light-driven composite phase change materials [6]

=1L ARHESHBMRE - REBRRS TR

Light Intensity

PCMs Additive [mW-cm 2] Efficiency [%] Ref.
PW Au Nanoparticles 2900 N/A [7]
PEG Organic Dye 300 94 94 [8]
PW CNTs/GO 42 N/A [9]
PW CNTS 90 60 [10]

Fatty Acids C-SiO, Aerogel 100 N/A [11]
Alcohols Carbon Aerogel 100 N/A [12]
PU Graphite Foam 90 66.9 [13]
PW Graphene Foam 150 79.9 [14]
PW Graphene Aerogels 100 77 [15]
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Continued
PW Fe;0,4-Graphene 1000 924 [16]
n-eicosane Carbon Foam/Ti,03 87 88.2 [17]
PEG GO 100 87.3 [18]
PW GO N/A N/A [19]

HeF AR il BE DR FRIE A BobT R R O IV R v W AT R RE T e DB AL A o R s ANy
RERCR B F S AL, BN T REESH. DAME BRI 7 8 VE B OUR . A RGN A T
ANFERA R G A BALER L [ A AN IAEE TR RORIT FERE & LA SOE R ARSI, I AR SR B
TUH S BT TR

2. IR EEIRIE

RPHAER AR H O RLRE . L2 e 5 RS 2 MBI REIR . St S AR — M BRI R, W)
LABRASHGE T 100%0) e B AR . IR SR BAE RS, Ot - A R KRBT I =
PR < AR R 2 T 45 B T R B #A . P AR B AR S 9 T4 DA S 20 1 IO RIR 31 [20] [21]. & A0l
- BER NI S M R EFA DGR ER K TE A 1 B
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Figure 1. Various mechanisms of the solar-thermal energy conversion with the corresponding light absorption range [22]

B 1 &Mt - At ERRIIESEN MR R IRBURKTERE[22]

1) <& )i 9K RIURL R 1 45 B e Jm) B n 4

<R QAR AR T 45 B WOT SR BN KDL - AARE R FHALER A 1) PR, M mAUKRBRi 3 5
HR A 7 BUR BN R, R AR B TRIR, i poh 1 2R i i1 (SR M A
T IR LI R 2 R A ST O T RR S AT . T RR S B S A T e R AT ERT
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T TI A A5 < SR N K TIORL (4 ) PR TR B PR T e %, BT 5 A TS T 55 TG KGR
M AR TORE [ A SR R R 88 S5 A7

2) F IR S

PP BT, OGE BT B T RIBRGE, 2O T IR &R RRRERIF LG T (R A 3 1)
B T (ARAR S 5 (R OB O R e . =4 DAARAR ST St 3505 SR BE I, ey B B0 1 B A it
M AE - IR, BARHLELN A 1(b) B -

3) 7 T HIAIRE)

V2 IR RIRBOLRE S 28 i AR RSN REF oM e . 470 TR B @ R KL U R
LT 2 M e o 8 HUE (HOMO) U B e IR 4R HUIE(LUMO),  il& 1(c) . ORI 7 LU T
- ARG T A, WD RE S B R A EE, HETTR BN IR 1 BT [22]

3. SRR RARER
31 AHESERAKRFTRNESHEEMR

FA JRIR T 55 B 1 A SRR R0 1 < s 4 oKUK T LA SR 2 25 1 sl AR O AV # P E - Cao 55[23]
B SCHEE B IR BV IR 5+ \BRR i) 2 1 — FOE TEARAE M RL . i T SR BEUKA 4 S B be 2 5+ )\
Ir T EEBCRIALL, T AR 5 S AR R K g G A — ke, T 8 TR AR AR AD R TR IR fR ff
REZT. [FIIS, FANZE AR R R 51N 3D JETIRAL AH 48K Bk (PND(10,12)C/M0S,/OCC), AL itk— 2
BSRE AR R R GRRFRE J0, 107 ELBR AT R AR B et 0, ORISR E D 300 mW/em?
I, SRR AT IA 1] 85.5% .

FEA 0 B R A R A5 B OC RN ) SR b1 i, A DUR U s MO B e 3 . Zhang 45
[24] VA Ag 9K RL TAE ) A7 82940 K (AQ-GNPs)1EJy PEG HSCHE & 28I 4 1 — Rt ML BB 2 AR 22
ke BN Ag KR T I A SR 90K B IR I Al licae 71, L, R A AR RERS
R K e 40 R Hhe BLRE B MR IR B T 88.7%~92.0%, WA i i T L e — Bl A AR EE AR K AH AR A4
Kl

3.2. AHABIMNNESHETMH

1) kg (PPy)

— R, AR AR —IE WA B AR I A R Xu S [251% 1E = \be 2 T
YRR S R FRA B =i, 6% T —MEE MR E S e R E
BEFUET R G A AR AR T TERIL, 1E =+ )\ eI 3R RIA B T 96%; 4645 Z A 300 mwiem® i,
TR B WA T 64.4%~85.9% (7], Jy [ ik — DI AL AR R LB AR, Tao Z5[26] LA IEHL%
(PPy)/FeqOq M1 (1) i 258 S A1 4 SBE A R SCHET 3L, VAR N IBEAE it B os i & 1 — P IRl B A
T AR B B B B 1) A A S M R (KF@PPY-FesO4/PW) o T3 (105 & AHAE AR AT w0 1) i A7 0 55 T
(161.4 JIg)Fi1 534 2 $(1.06 WIim-K); 4 S G305y 1000 W/m? i, BB J7 36 il R ik 31 90% 4 4

2) RZERX(PDA)

Yang S5 [27 44 RIS 1 (1) 58 22 ELRORL T 9 A8 ) 5 0 B i i Diels-Alder RS B SRt 7 i J4
Ui P SR 2 B AH AR AR F ) 2% T —Fp AT B SR AT [N DD R 1Y 52 A A B A RH(DMCP-X) . 6 HRSREGIE B,
BRI 1 58 22 kL1 AT DL & B 0 2 S AR AR MR IV i e, BEERICRIA ST 87.9%; MG4L, %
B AEMEHEILAMNEHE S Nl sLBl B E ThRE. Wu Z5[281% % £ B &1 i = R 5K (MF@PDA)fE
NAEIISCEEE SR, §i% T —FEE Y IRSIRICIZ S e AR B R I RE I E A AARMF@PDAPW) ..
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WAL, MEHITERTKE B8 J1HEE 100%, LG R HERIE R T 80.8%, HIEIKSNERICIZ Gk
e R IE R E R 2 CRRMB AR MmN, thoh, ZE &M EE RA IEE e RRidis
TP RE S R .

3) BEHLZEL(Dye)

Wang 55 [29]7F & 1 — Pk TG ML 3RS A AR MR BAG 0T I 6 3K 3 1 A HLOG FA R 5 1% 5 4 k)
(OPTCM). AMLIEME N —MHBMBET “Fe” S50 TG, RS AR s s 7] WG T
CHIHET . RS, SRR ICRIAE) 94% 0L . Yan Z[301K A LG RHME I (E Si0, b, B iA L/
BRES PEG #1417 —MoOGIRSh 1) 2 A MK BHPEG/SIO,-dye) . SEIGZE R E M, % E SRR
BAM IR R RE 71 5 #ivieoe v, it B BA 58 rCIRIGE 5 e I R A7 4 2% 8 (167.0 J/g) . BEEE L
[R5, 76 B HRSRE A 1000 W/m? B, & R B 3R IA 31 T 85%~88%, Zeidk 300 YK K16 155 S AR 38,
PR BAT W (ARS8 E 5 Y PVIE IR AE /7. b4k, Wang Z5[31] % okt 3 (0 R Yu Rl (Bdye) IS 1M 78 R 34k
A A E)H(GO) b, 15E]—Fi Bdye H28 GO MIALKILHIM BHGO-co-Bdye); FRH4IERLT) PEG 1ZHHEA
% GO-co-Bdye H, J¥ Re—Ff gt AL AT 1Y 5 b 2 e 20 RE 1) 58 T AH A2 A4 KL (PEG/GO-co-Bdye) . SR04 SR &
MM, 1%E AR e P B R IE R T 86.6%, H S AKX T4L1% PEG #2755 1 98.0%.

3.3 BIEHREMNNESHEMH

1) REBYKFRL(Carbon Black Nanoparticles, CBNPSs)

VEN—Fh AN 20 15 IR KL, ok RGN K TR (CBNPs) A I 77 I # P B . Mishra ZE[32] K AN [F & (1)
IR FBIRRL S N B H B AR 3] 7 — g TEAR AR K. 2451 NI 3.5 Wtk FRANK UKL, 1€ TEAHAL 4
BH 3R BS S IFE HRCR o A R 1 195% 5 134%, v LA 32 N T4 2O Al i S84k, A T
Pem IR 2, Tao SF[33]FE M AL SR TEH A A BHI AL b, Wik 7 —Fh PR i KA B IR S B3k
ER G EIXDRGET, BUH PDMS 54 SR 40K RIURL K % S 56 T4 A% (MP M) B % A 25 IR ISR B
6, ey il A R L TOA LA AE RL RS PROE 28 ) — AN - WRAH AR i e i BB A7 A BT R o 1T BAEREIAME R T
MPM 2R AERE, skl - A m A EAER . Bk, w7 CUsEE R K81 MPM i3, M SE
PURHUAR G e B e 5 17 i

2) BRYKE (Carbon Nanotubes, CNTs)

TRAKE (CNTs) A FAMERELF . JeWRUshE Jaas WIS e Y5 BBl W8 S i1l vz N FH Tk e 4%
B R G . HIRTINFRAKE REfs W38 DB A AR R R e ) 5 S #ubERE, H2 CNTs SAHARA R
AT ST E MR, IR T EAE B B S RAE P A 8 T IX —inl @, Du 5§[34]
WA IR 1) L EERR A OK B (SWNTS-NH) 51\ PEG 2R ABRA MR, 152] 7 —FEA T
Hea w5 S IERE R B TEAHA A BLSPCMSs), HAHAZIEE 124.0~126.1 J/g 2 [F]. JEIRSLEG R W], £ PEG
B 1 5 0 E AH S A ORE R 51N R Ty RE AL IR B BE Bk 44 0K B (SWINTS-NH,) J5 , b #4 RE & % e i R 7
44.8%~89.3% [], 1 HEA nI AR R ) 5 e e ERE . b4, Cao 45351381 Diels-Alder /)3
BN R RIS RIVKE b, 53] 7 —Fo6IRS)E - B2 HEH(HDA-g-CNTs). 4G
SEFEN 100 mWiem?® B, %[ - SRR I RE R B RIA ] T 79.1%.

3) A 24 (Graphene)

11 547 (Graphene) N A % w0 S 44 R 5(5000 WImK)L5 LR iR (2630 m%g), 1 H A BT ()
JERRE ) 5 HGRRE, R, W DAME R TEAR A M B SR 4, (Rl , D5 S8 TR AR PR 5 Fvi
R 5L HLBE ). Zhang SF[14]189 % —F 3D S5 SR IAE H T A SO a4, il T —FoBtk
FaE . = S AREE BACIE R 1 e TEAH M EL(PWIGF) . ZEGIREAE TN, 1Z0E TR A AT RL R
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PRt AL " SRR BE N IREFEAEREEAR A R R . MR SHEIRE Ny 150 mWiem® i, ki
R IEF] T 79.9%.

— kUL, A SRS A A AR AR I I R LA A, A R AR AR A R A T AR A SR AL
T R R rTREPE, DRI, KA S MR 0 A S0 b ) 8 —Ploqy S0 R ] - [IAH A8 4 ) mT DL G ok
RAEMIRRGER:, BN, BRESCHDE AL B . Cao %5[36]iBid Diels-Alder ¥ i JiBe 1 /N ke B (HDA)
FINBIH BIEAK T b, IR T —Fif S A 2 [ - [ AH 22 A KL (HDA-g-GN). HDA-g-GN (144 fil 5 45
G o3l 57 5 55 3g, BT A SEIEIER, B SRAEEIL 3.96 WmK. BENEZMZE, %MK
BRI S e S A RE R L 4 570, TETREER AN, AT EE . ARV T RS T T R A TER)
J FANME o

4) BRKA 2 (Expanded Graphite, EG)

TR AT B2 (EG) A 2 FLIEMA (10 HOR G5 M), 2 —Fh il = A s #ubh kL. Bing 48[37]LL PEG 1 9 #k
REAFAE AT, SR AN SR AR i R SR 4, IR S8 (EG) TR S RJERL 4 T — Fh M 1) PEG
BETUARAS AR, G5 R, XA TEARR ARG R R TR R e tE S T Sk, RIS TARIR BE A 3
80°CHY, HARRAEMINIME. A, X4 EG MIRMEEE] 7 Wtoolt, A ASPRE IR ek R ik
93.3%, FHRKAE T4 PEG 278 7 1150%. Chen £5[38]#43% 2./ (PE) 5 = 7t Z. N4 IR (EPDM)E K
REMITI B 5K A REG)ME AW & T —HE AR E . WAL LR, KPR
SR ERHCN 2.08WIMK, HRELEEEE N 139 Mg, S — 7, Je R acib st R, fEeB&HnT,
SETEH MR B T 22 63 CHIAN TR 72's, BRI IIARLIR 752 64 s X T A AR, B3
RS TR EE 870 s 5 810 s, XS R AU, EG RENS 31 9 E TE AR MR A 4 e

5) HEBME

KA — P R SR P AR RRIR, P DMES SRR G % 3D EIR ZFLM bk 42 B2 3D 24k
ZILMBRE A AR ERTAK S RS S R AL, 08 5 SR A WA AR AR 4 256
Alie Li 5F[39] A% RN S Rh i /K BB A 5 @ S D il 4 17 — Rl i . 5 H B = 4R 25 1B
(CAs), Fiilt B A2 BUE R A bl b B e it i (CAS) I FLIE 2, 738 —Fh e TR M A H KL (CA-wax) . X
Filt CA-wax A RHELA L5 I TR AR e 1 5 o 1) RE A6k 25 5 (115.2 J/g) . [RIE, "Bk s &4 Sin 4 sk i
AR RIS RE S S BE 1. BEAL, BRI S RIER] 3.4 Sm, AERSTEASN I IR T Se Bl R e
fifitic T HE— D m AR AP 2 B S O R A3, Wang 4540193 5l LA ) H 280656 5 22 9 5 kil 4% T
PIARER B (r-CA 5 s-CA) I T35+ 7 I (HDA) SER IR (PA), 1321 7 IR EVI UL 2 S AR
(PCM/BCAs). WAL KB, PCMIBCAS [ BE & A7 it 2% FE 43 nlis 2] 207.9 5 271 /g, 1 H EA L5 ik
K e Ve SEFRM AN Ak, 5T HDAIr-CA 5 HDA/S-CA it , Hot 43R 3 1) 9 75.6% 5 67.8%.
B 7 RIRPRAEY RN, MRAE AR N KM SR DR SR RSB, HEUE TR
AR

4, HEHHEREESRHMNA
4.1. FEeEN

MR BRAER R, St AFZERESETRBEARAA TERDOHA SHRAREENTE
FIR R HAR[41]. EERFIRIESIER, BINC N E AL R LT 5 NEHIR G, =T MR R ST ik
ARG AE R A B Za S8 A A ZE, B A BRSO & B A GE TR 21 B & R 5 =5 9 138 LI
RNREFEEER, Sttt ARRER L T AR ETE B AR B A T 25 HGi1HT KEu
T LA AR T ERIF VAR SR 3 2 70 @ Y b 5w FH B SR A2 A R . U FE WA kL,
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EATRENE NS T A1 SR AT AN, A R AR E N R IE AR . R 2 ALK
B B S 2R 45 e P SR Al 8 LA AR AR T R 2 SO R 38 PR AR [42] 5 LI B A AHAZ D RE R ST AL R
TEASE: R MR, 5REELU R A

4.2. PARRER

BEE NATEREACT AW e, SR A AE BEEOR (A4 T — D EFIE AR VE B 2 AR W A L 2
I T2 T IR R EL BUR[43], 15 G AR A A1 8 i FHLRR A 55 ) B 2 S R AR A s 24 A
B B XA — AR MELE AR5 26 F T i 2 A 2R T I RELLAL R —, X FMIRRA AR
FAE A BIREBIE R, RZIRIR o T AASRD I RE NS LF BE AV 5E (X5 P2 Vi A HEAT P A7 S R
HIRFE, XN TT A B A AT ZhRE I A AR BRI 1 JC PR vT RE[44]

FEARARAT RS (AR IR B R A P S I AE S B I R P A AR B — A R B, R
L2 IR AR AR B 1) 72 21 4 AR RS K BL T [45], 1 e T 975 A 2 4 R it R A R B 5 4 — b 2 2207
%o Lu SR [46] ARDAL R PTG 7, ARl e 7 — AR G20 4E, IR Cso 3 WO ZHKAURL K
BESRLTYERD LI IAFEIREE T o Cs032WOs UK BIRL AT I 57 AL L AN ER I E 71, I A LT HERENE 7E
RIS BHREFF AFA LR, B 1 4R BRR A A IO IR BERE I R, AT BIA 4RI IR E K H . 53— 77
Ifl, AR RAEEREIE /T T NMERIHGGTT o Ye SE[ATIRA HURAR A B R T IR B A ki
JEREIR IR, il T A RA I BRI T T R T SRR R AR RS TR AR R
FHZE B PRLRENS 5 BREEAT R AF A, MCTTE B B 4 ARG T ROR

4.3 BFRHHRER

HL T A AF A A P S A 7 25 AR G i B 3t 7 15 S ) BB v, R S HL R P 2 i 1 O B
FHASRR AT SRR IR, DL, R ARARARL SIS 7 23R BB 3h 4 20 2R 45 2 Ak pRIX — il RELYY
AT B B, MAREB 5K —LEah i)™ E i R ) 1 e T S AVE B U N . — AT
TRIE AT KT B T R TS AVE B SR, [FIR, R AR ROR B R . T AR RE
72 WIMEBGRAFH . BA 3D Z5HIMIHIIR. iR, BRIuR DLRBREE (1 2 L AT RL BE 08 A ROt 1Y 25 AH
AR RHE BT a M VE B PR RE

Wu SE[48 R IR A1 s S AHASA R R &, IR i i s D] 2 — Mo s OE R HEZI S5 H I 2
FHAER R} S AR GERIIE R B ], X AU 483 T LA AR AR AR Z 88— 3 A 78 52 [0 7 58 A RO 3R T
T AEAR AR AT S8 P Z [ AE AR IR A 7 B S v R s 7% 3, XR0E M HRS 1 S 08 1 R & H A RPRH &
MAKOLF] T 35 WImK ., 2R H T T8I 5 B A BRI, 78 3°C 2% AR 0BG 1 Lt R AT S PR S0
AT LA F G 2 AR AT 55°C IR AR AF I8 AT, RIS At IR AR

eGSR TS L, AT 5 O T A RV BN U R . A AR RS 485 5 o
TEAFRAE B, S FRY 2 RS S AR R B A N 5 e . b, R AR G YR
B EPA T A, U RS 0 TARREE, (RN TR R RS iE UR M A A G, 3R
FIBR A T T ORI 5 AR F IR AR A BT, SORT REIE BRARF I A R 1 /AR, b IR &5 1 (K AR 24hg . A
FHAE A R SR IR A 1R RE PT LA S SRt vl 27 Sl SR I AV B ) (RIS, O 1 e e as PR IR
AR ATRAAAE IR IS, FEARA AR SIS IR Bm 1 A G RAL I (BN, 7T EAAR ATl i X —
i . Wang SE[4910F A& 1 — Mk T RALII (BN) BRI (0 2 & kL, A8 — R B RERO IR 4%, A
AR B A A AR A A R - VBOARASR IR 5G FHLFFERIs AT I £ 2 RINE, ML EIR} 56 F
PUEATHVER H K. BRIbZAh, TR S ES HARA RN R S, —AEKRER b H

DOI: 10.12677/nat.2022.124035 358 PRFEAR


https://doi.org/10.12677/nat.2022.124035

A 5

B 5 SR A
5. 458

HAl, JeRFHA R A R CAR R 5, TR REA BRI 2 B, SO
Bt 7 ORBHBERIA RO AL (H IS A AR b k-

1) SFRREUE AR EE R IERESH R TSR A A NG 2 L 32 AAVRE R I 2L
HI7 A EEAER . B HATY1E, ARSI N BT St 3 ZAE rp R an e i TR B b, (HIE Sk Z X
HLEL AR AW I -

2) DUA I AR T e I 3005 T LT H2 0 100%, R4 AR Ja 0T A RE IR 27 6 R BCR H UK
PRI, g5 v S 2 B DLIRE S 7 Jim 00RO , Be KRR M VB O 45 B A TR B A R itk — 28
HE

3) BOHFUE AR R LA iR . B o S AERE ST G dr . B, IR BHIHLIN
PERE STVAFINER S, — B A SR RIHOR, MR SIKIBAAAE: 50— T, SC¥EE RS /ISR
FISI N R ICAERE B, ERSGERHS S SR IER, T E G R S b AR . 125
W TE R, SRR P RERS E PEANAE F 73 A (T3 R AT U R

SE

[1] Wang, S., Qin, P, Fang, X., et al. (2014) A Novel Sebacic Acid/Expanded Graphite Composite Phase Change Material
for Solar Thermal Medium-Temperature Applications. Solar Energy, 99, 283-290.
https://doi.org/10.1016/j.solener.2013.11.018

[2] Fares, R. and Webber, M. (2017) The Impacts of Storing Solar Energy in the Home to Reduce Reliance on the Utility.
Nature Energy, 2, Article No. 17001. https://doi.org/10.1038/nenergy.2017.1

[3] Li, B., Nie, S., Hao, Y., et al. (2015) Stearic-Acid/Carbon-Nanotube Composites with Tailored Shape-Stabilized Phase
Transitions and Light-Heat Conversion for Thermal Energy Storage. Energy Conversion and Management, 98, 314-321.
https://doi.org/10.1016/j.enconman.2015.04.002

[4] Zhang, Y., Umair, M., Zhang, S., et al. (2019) Phase Change Materials for Electron-Triggered Energy Conversion and
Storage: A Review. Journal of Materials Chemistry A, 7, 22218-22228. https://doi.org/10.1039/C9TA06678K

[5] Zzhang, Y., Li, X., Li, J., et al. (2018) Solar-Driven Phase Change Microencapsulation with Efficient Ti,O; Nanocon-
verter for Latent Heat Storage. Nano Energy, 53, 579-586. https://doi.org/10.1016/j.nanoen.2018.09.018

[6] Wang, X., Li, G., Hong, G., et al. (2017) Graphene Aerogel Templated Fabrication of Phase Change Microspheres as
Thermal Buffers in Microelectronic Devices. ACS Applied Materials & Interfaces, 9, 41323-41331.
https://doi.org/10.1021/acsami.7b13969

[71 Wang, Z, Tao, P., Liu, Y., et al. (2015) Rapid Charging of Thermal Energy Storage Materials through Plasmonic
Heating. Scientific Reports, 4, Article No. 6246. https://doi.org/10.1038/srep06246

[8] Wang, Y., Tang, B. and Zhang, S. (2012) Novel Organic Solar Thermal Energy Storage Materials: Efficient Visible
Light-Driven Reversible Solid-Liquid Phase Transition. Journal of Materials Chemistry, 22, 18145-18150.
https://doi.org/10.1039/c2jm33289b

[9] Zheng, Z., Chang, Z., Xu, G.K., et al. (2017) Microencapsulated Phase Change Materials in Solar-Thermal Conversion
Systems: Understanding Geometry-Dependent Heating Efficiency and System Reliability. ACS Nano, 11, 721-729.
https://doi.org/10.1021/acsnano.6b07126

[10] Chen, L., Zou, R., Xia, W., et al. (2012) Electro- and Photodriven Phase Change Composites Based on Wax-Infiltrated
Carbon Nanotube Sponges. ACS Nano, 6, 10884-10892. https://doi.org/10.1021/nn304310n

[11] Huang, X., Liu, Z., Xia, W., et al. (2015) Alkylated Phase Change Composites for Thermal Energy Storage Based on
Surface-Modified Silica Aerogels. Journal of Materials Chemistry A, 3, 1935-1940.
https://doi.org/10.1039/C4TA06735E

[12] Huang, X., Xia, W. and Zou, R. (2014) Nanoconfinement of Phase Change Materials within Carbon Aerogels: Phase
Transition Behaviours and Photo-to-Thermal Energy Storage. Journal of Materials Chemistry A, 2, 19963-19968.
https://doi.org/10.1039/C4TA04605F

DOI: 10.12677/nat.2022.124035 359 PRFEAR


https://doi.org/10.12677/nat.2022.124035
https://doi.org/10.1016/j.solener.2013.11.018
https://doi.org/10.1038/nenergy.2017.1
https://doi.org/10.1016/j.enconman.2015.04.002
https://doi.org/10.1039/C9TA06678K
https://doi.org/10.1016/j.nanoen.2018.09.018
https://doi.org/10.1021/acsami.7b13969
https://doi.org/10.1038/srep06246
https://doi.org/10.1039/c2jm33289b
https://doi.org/10.1021/acsnano.6b07126
https://doi.org/10.1021/nn304310n
https://doi.org/10.1039/C4TA06735E
https://doi.org/10.1039/C4TA04605F

A 5

[13]
[14]
[15]
[16]

[17]

(18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Chen, R., Yao, R, Xia, W,, et al. (2015) Electro/Photo to Heat Conversion System Based on Polyurethane Embedded
Graphite Foam. Applied Energy, 152, 183-188. https://doi.org/10.1016/j.apenergy.2015.01.022

Zhang, L., Li, R., Tang, B., et al. (2016) Solar-Thermal Conversion and Thermal Energy Storage of Graphene Foam-Based
Composites. Nanoscale, 8, 14600-14607. https://doi.org/10.1039/C6NR03921A

Li, G., Zhang, X., Wang, J. and Fang, J. (2016) From Anisotropic Graphene Aerogels to Electron- and Photo-Driven
Phase Change Composites. Journal of Materials Chemistry A, 4, 17042-17049. https://doi.org/10.1039/C6TA07587H

Wang, Z., Tong, Z., Ye, Q., et al. (2017) Dynamic Tuning of Optical Absorbers for Accelerated Solar-Thermal Energy
Storage. Nature Communications, 8, Article No. 1478. https://doi.org/10.1038/s41467-017-01618-w

Wang, W., Cai, Y., Du, M., et al. (2019) Ultralight and Flexible Carbon Foam-Based Phase Change Composites with
High Latent-Heat Capacity and Photothermal Conversion Capability. ACS Applied Materials & Interfaces, 11, 31997-32007.
https://doi.org/10.1021/acsami.9b10330

Li, M. and Wang, C. (2019) Preparation and Characterization of GO/PEG Photo-Thermal Conversion Form-Stable
Composite Phase Change Materials. Renewable Energy, 141, 1005-1012. https://doi.org/10.1016/j.renene.2019.03.141

Hou, S., Wang, M., Guo, S., et al. (2017) Photothermally Driven Refreshable Microactuators Based on Graphene
Oxide Doped Paraffin. ACS Applied Materials & Interfaces, 9, 26476-26482. https://doi.org/10.1021/acsami.7b08728

Yuan, K., Shi, J., Aftab, W., et al. (2019) Engineering the Thermal Conductivity of Functional Phase-Change Materials
for Heat Energy Conversion, Storage, and Utilization. Advanced Functional Materials, 8, Article ID: 1904228.
https://doi.org/10.1002/adfm.201904228

Gao, M., Zhu, L., Peh, C.K., et al. (2019) Solar Absorber Material and System Designs for Photothermal Water Vapo-
rization towards Clean Water and Energy Production. Energy & Environmental Science, 12, 841-864.
https://doi.org/10.1039/C8EE01146J

Vélez-Cordero, J. and Hernandez-Corderob, J. (2015) Heat Generation and Conduction in PDMS-Carbon Nanoparticle
Membranes Irradiated with Optical Fibers. International Journal of Thermal Sciences, 96, 12-22.
https://doi.org/10.1016/j.ijthermalsci.2015.04.009

Cao, Y., Fan, D, Lin, S,, et al. (2021) Branched Alkylated Polynorbornene and 3D Flower-Like MoS, Nanospheres
Reinforced Phase Change Composites with High Thermal Energy Storage Capacity and Photothermal Conversion Ef-
ficiency. Renewable Energy, 179, 687-695. https://doi.org/10.1016/j.renene.2021.07.028

Wang, W., Umair, M., Qiu, J., et al. (2019) Electromagnetic and Solar Energy Conversion and Storage Based on
Fe;0,-Functionalised Graphene/Phase Change Material Nanocomposites. Energy Conversion and Management, 196,
1299-1305. https://doi.org/10.1016/j.enconman.2019.06.084

Tao, Z., Yang, M., Wu, L., et al. (2021) Phase Change Material Based on Polypyrrole/Fe;O,-Functionalized Hollow
Kapok Fiber Aerogel Matrix for Solar/Magnetic-Thermal Energy Conversion and Storage. Chemical Engineering
Journal, 423, Article ID: 130180. https://doi.org/10.1016/j.cej.2021.130180

Yang, S., Du, X., Deng, S., et al. (2020) Recyclable and Self-Healing Polyurethane Composites Based on Diels-Alder
Reaction for Efficient Solar-to-Thermal Energy Storage. Chemical Engineering Journal, 398, Article ID: 125654.
https://doi.org/10.1016/j.cej.2020.125654

Wu, H., Chen, R., Shao, Y., et al. (2019) Novel Flexible Phase Change Materials with Mussel-Inspired Modification of
Melamine Foam for Simultaneous Light-Actuated Shape Memory and Light-to-Thermal Energy Storage Capability.
ACS Sustainable Chemistry & Engineering, 7, 13532-13542. https://doi.org/10.1021/acssuschemeng.9b03169

Xie, Y., Li, W., Huang, H., et al. (2020) Bio-Based Radish@PDA/PEG Sandwich Composite with High Efficiency
Solar Thermal Energy Storage. ACS Sustainable Chemistry & Engineering, 8, 8448-8457.
https://doi.org/10.1021/acssuschemeng.0c02959

Wang, C., Dong, W., Li, A, et al. (2022) The Reinforced Photothermal Effect of Conjugated Dye/Graphene
Oxide-Based Phase Change Materials: Fluorescence Resonance Energy Transfer and Applications in Solar-Thermal
Energy Storage. Chemical Engineering Journal, 428, Article 1D: 130605. https://doi.org/10.1016/j.cej.2021.130605

Mishra, A.K., Lahiri, B. and Philip, J. (2020) Carbon Black Nano Particle Loaded Lauric Acid Based Form-Stable
Phase Change Material with Enhanced Thermal Conductivity and Photo-Thermal Conversion for Thermal Energy Sto-
rage. Energy, 191, Article ID: 116572. https://doi.org/10.1016/j.energy.2019.116572

Tao, P., Chang, C., Tong, Z., et al. (2019) Magnetically-Accelerated Large-Capacity Solar-Thermal Energy Storage
within High-Temperature Phase-Change Materials. Energy & Environmental Science, 12, 1613-1621.
https://doi.org/10.1039/C9EEQ0542K

Du, X., Xu, J., Deng, S., et al. (2019) Amino-Functionalized Single-Walled Carbon Nanotubes-Integrated Polyure-
thane Phase Change Composites with Superior Photothermal Conversion Efficiency and Thermal Conductivity. ACS
Sustainable Chemistry & Engineering, 7, 17682-17690. https://doi.org/10.1021/acssuschemeng.9b03853

Cao, R., Chen, S., Wang, Y., et al. (2019) Functionalized Carbon Nanotubes as Phase Change Materials with Enhanced

DOI: 10.12677/nat.2022.124035 360 PRFEAR


https://doi.org/10.12677/nat.2022.124035
https://doi.org/10.1016/j.apenergy.2015.01.022
https://doi.org/10.1039/C6NR03921A
https://doi.org/10.1039/C6TA07587H
https://doi.org/10.1038/s41467-017-01618-w
https://doi.org/10.1021/acsami.9b10330
https://doi.org/10.1016/j.renene.2019.03.141
https://doi.org/10.1021/acsami.7b08728
https://doi.org/10.1002/adfm.201904228
https://doi.org/10.1039/C8EE01146J
https://doi.org/10.1016/j.ijthermalsci.2015.04.009
https://doi.org/10.1016/j.renene.2021.07.028
https://doi.org/10.1016/j.enconman.2019.06.084
https://doi.org/10.1016/j.cej.2021.130180
https://doi.org/10.1016/j.cej.2020.125654
https://doi.org/10.1021/acssuschemeng.9b03169
https://doi.org/10.1021/acssuschemeng.0c02959
https://doi.org/10.1016/j.cej.2021.130605
https://doi.org/10.1016/j.energy.2019.116572
https://doi.org/10.1039/C9EE00542K
https://doi.org/10.1021/acssuschemeng.9b03853

A 5

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Thermal, Electrical Conductivity, Light-to-Thermal, and Electro-to-Thermal Performances. Carbon, 149, 263-272.
https://doi.org/10.1016/j.carbon.2019.04.005

Zhang, Q. and Liu, J. (2019) Anisotropic Thermal Conductivity and Photodriven Phase Change Composite Based on
RT100 Infiltrated Carbon Nanotube Array. Solar Energy Materials and Solar Cells, 190, 1-5.
https://doi.org/10.1016/j.s0lmat.2018.10.010

Du, X., Qiu, J., Deng, S., et al. (2020) Alkylated Nanofibrillated Cellulose/Carbon Nanotubes Aerogels Supported
Form-Stable Phase Change Composites with Improved n-alkanes Loading Capacity and Thermal Conductivity. ACS
Applied Materials & Interfaces, 12, 5695-5703. https://doi.org/10.1021/acsami.9b17771

Qian, Y., Han, N., Zhang, Z., et al. (2019) Enhanced Thermal-To Flexible Phase Change Materials Based on Cellu-
lose/Modified Graphene Composites for Thermal Management of Solar Energy.ACS Applied Materials & Interfaces,
11, 45832-45843. https://doi.org/10.1021/acsami.9b18543

Li, Y., Samad, Y., Polychronopoulou, K., et al. (2014) From Biomass to High Performance Solar-Thermal and Elec-
tric-Thermal Energy Conversion and Storage Materials. Journal of Materials Chemistry A, 2, 7759.
https://doi.org/10.1039/C4TA00839A

Wang, C., Liang, W., Yang, Y., et al. (2020) Biomass Carbon Aerogels Based Shape-Stable Phase Change Composites
with High Light-to-Thermal Efficiency for Energy Storage. Renewable Energy, 153, 182-192.
https://doi.org/10.1016/j.renene.2020.02.008

Zhou, H., Lin, B., Qi, J., et al. (2018) Analysis of Correlation between Actual Heating Energy Consumption and
Building Physics, Heating System, and Room Position Using Data Mining Approach. Energy and Buildings, 166, 73-82.
https://doi.org/10.1016/j.enbuild.2018.01.042

Zhou, D., Zhao, C.Y. and Tian, Y. (2012) Review on Thermal Energy Storage with Phase Change Materials (PCMs) in
Building Applications. Applied Energy, 92, 593-605. https://doi.org/10.1016/j.apenergy.2011.08.025

Roman, K., O’Brien, T., Alvey, J. and Woo, O. (2016) Simulating the Effects of Cool Roof and PCM (Phase Change
Materials) Based Roof to Mitigate UHI (Urban Heat Island) in Prominent US Cities. Energy, 96, 103-117.
https://doi.org/10.1016/j.energy.2015.11.082

Zhang, Q., He, Z.,, Fang, X., et al. (2017) Experimental and Numerical Investigations on a Flexible Paraffin/Fiber
Composite Phase Change Material for Thermal Therapy Mask. Energy Storage Materials, 6, 36-45.
https://doi.org/10.1016/j.ensm.2016.09.006

Lu, Y., Xiao, X., Zhan, Y., et al. (2018) Core-Sheath Paraffin-Wax-Loaded Nanofibers by Electrospinning for Heat
Storage. ACS Applied Materials & Interfaces, 10, 12759-12767. https://doi.org/10.1021/acsami.8b02057

Lu, Y., Xiao, X., Fu, J., et al. (2019) Novel Smart Textile with Phase Change Materials Encapsulated Core-Sheath
Structure Fabricated by Coaxial Electrospinning. Chemical Engineering Journal, 355, 532-539.
https://doi.org/10.1016/j.cej.2018.08.189

Li, G., Hong, G., Dong, D., et al. (2018) Multiresponsive Graphene-Aerogel-Directed Phase-Change Smart Fibers.
Advanced Materials, 30, Article ID: 1801754. https://doi.org/10.1002/adma.201801754

Aftab, W., Khurram, M., Jinming, S., et al. (2020) Highly Efficient Solar-Thermal Storage Coating Based on Phos-
phorene Encapsulated Phase Change Materials. Energy Storage Materials, 32, 199-207.
https://doi.org/10.1016/j.ensm.2020.07.032

Wang, B., Li, G., Xu, L., et al. (2020) Nanoporous Boron Nitride Aerogel Film and Its Smart Composite with Phase
Change Materials. ACS Nano, 14, 16590-16599. https://doi.org/10.1021/acsnano.0c05931

Zhao, S., Chen, L., Zhang, C., et al. (2020) Functional Oil-Repellent Photothermal Materials Based on Nickel Foam
for Efficient Solar Steam Generation. Solar Energy Materials and Solar Cells, 214, Article ID: 110574.
https://doi.org/10.1016/j.s0lmat.2020.110574

Cao, Y., Fan, D., Lin, S., et al. (2020) Phase Change Materials Based on Comb-Like Polynorbornenes and Octadecy-
lamine-Functionalized Graphene Nanosheets for Thermal Energy Storage. Chemical Engineering Journal, 389, Article
ID: 124318. https://doi.org/10.1016/j.cej.2020.124318

DOI: 10.12677/nat.2022.124035 361 PRFEAR


https://doi.org/10.12677/nat.2022.124035
https://doi.org/10.1016/j.carbon.2019.04.005
https://doi.org/10.1016/j.solmat.2018.10.010
https://doi.org/10.1021/acsami.9b17771
https://doi.org/10.1021/acsami.9b18543
https://doi.org/10.1039/C4TA00839A
https://doi.org/10.1016/j.renene.2020.02.008
https://doi.org/10.1016/j.enbuild.2018.01.042
https://doi.org/10.1016/j.apenergy.2011.08.025
https://doi.org/10.1016/j.energy.2015.11.082
https://doi.org/10.1016/j.ensm.2016.09.006
https://doi.org/10.1021/acsami.8b02057
https://doi.org/10.1016/j.cej.2018.08.189
https://doi.org/10.1002/adma.201801754
https://doi.org/10.1016/j.ensm.2020.07.032
https://doi.org/10.1021/acsnano.0c05931
https://doi.org/10.1016/j.solmat.2020.110574
https://doi.org/10.1016/j.cej.2020.124318

	光热转换相变储能材料的研究进展
	摘  要
	关键词
	Research Progress of Phase Change Energy Storage Materials with Solar-Thermal Conversion
	Abstract
	Keywords
	1. 引言
	2. 光热转换机理
	3. 光热转换材料研究进展
	3.1. 负载金属纳米颗粒的复合相变材料
	3.2. 负载有机材料的复合相变材料
	3.3. 负载碳基材料的复合相变材料

	4. 相变材料在热管理中的应用
	4.1. 节能建筑
	4.2. 个人热管理
	4.3. 电子器件的热管理

	5. 结语
	参考文献

