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Resear ch progress on thermal conductivity enhancement of
microencapsulated phase change materials
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Abstract: Microencapsulated phase change materials (MEPCMSs) are a kind of phase change energy storage
materials with good performance, which are widely used in the field of heat energy storage, and can
effectively solve the problem of phase change material leakage. However, the existence of shell materials
weakens the heat conduction between the inner phase change material and the external environment,
reduces the thermal conductivity of phase change microcapsules, and restricts its practical application range.
Hence, modification of MEPCMs as a widely adopted way can effectively enhance the thermal conductivity
of MEPCM:s. Firstly, components and structure of MEPCMs were introduced, and microscopic thermal
conduction mechanisms from phonon-phonon and electron-phonon interaction perspective were elaborated.
Secondly, recent advances in thermal conductivity enhancement by modifying the shell and core materials
were analyzed by quantitative experimental results and microcosmic mechanism. Then, the application of
modified phase change microcapsules in textile temperature control, slurry and construction was
summarized. Finally, the main outlooks and challenges of modified MEPCMs and applications were
outlined.
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Fig. 2 Schematic diagram of a spring-vibrated heat transfer
system consisting of crystal atoms and abstract
phonons (a) and phonon scattering modes (b) (1]

AR 4w AN AL AR 3 APk BE 2 2R T
RO TR . AR S BOR RDE SR AR
K TS 5HA, BHBERIFEE . JOHR
e 2 18] e o BB =R AR, AR E
TIERIRAL . = T HUN HA PR AR



56 M

TR, A5 A RUR SRS P 5 T 5T R

* 1197 -

RIS 1R AR AR SR = 15 Ff e A
—4r R TP R, RO AE T R
T AR IRl P R AR AR A o R - i
AR PR EE SR (N SR MR (U
W), BRI TE SR — A IHIX N T, 78 N i

t, fERAMZhESTE . AR, 18U T
RedmsyfE, gk ERAFERY ) i, NS R A e
HAPEM SR EE R, WU R QRS e E
ERE, W3 P, H, s AR N, 5
HHER U IR

First Brillouin zone

K PR E W RMEA; G g BIRs fns K i
B3 - ARG NSRRI U

Fig. 3 Phonon-phonon collision mode!': N and U process

SEBR b, PARE R R A AR () A
Ao ALy, RiETE 2 [0 0 IR B AR S 3 H
o FEAZE AR, S AR B R
R IR AR B AR R, B
TR [ R, BN TR 2 g S R
A, R B AR SRR AR AL B A G .
MR R ARET, ARSI SHRASTERLS, T
MELARE I &, R R AR R R AR SR D8N, AT JE
KT H MR, MEREWTE, SR 1
BHYE I, Az B R AR RIS I, A
PR, DRI AT S A A R 3
12 BF-EFHEEEH

& JE AR ARG TR L Y T AR R E AU TR
575 F R A B AR P, Sk R s 2 B8R T 0 A )
PR A A AR AL, M S i A R B Y 2R T,
PR I AR A% Bk 2 5 R A AR T RRAE “HL -5
THHEAEH".

TE 4 JR A AR R, A B A SR
SRMERE/DN, BRI, ik
&R ARSI AL T R S RS, HET
R EEAR, S 30R O 6 7 1 HU 1) 5% e
BN, FUIEE T B A I SIS AT
M P O R Az B IR, - A B
X 4 Ja AR AR 4 R b P S22 L TS
WS NP T’ 5 A EAE 056 — Pk e 2
A, IR SRR, R BT T i e
e L T A O R A 2 I e AR R

TEEJBAPR T, - AR AR IR0 R 7 1 B

AT R AR, TR B R R s
AR B RN P - A AR IR, Ak T4

FR [k, WImeK) ) AR N BT A A 7R A 34

CE I k,z%ZC 2, i, Cp WEA
qv

qviqviqv’

WRaE (q) AR (v) B FIE, g v R
AR, m/s; 1, WA R, so K, A
PR R RSN AL AL R R B o PRI, Al iR
BT TP 80, XA R T DLBEEN A T
5 B e 1 XS I XS, TRV . T
Frti A PR EAER . BT A EAER .
- AT AR AL AR . I, FEH PR
PSR A A SR S Wi R U E I E S R !
R SUNEI L

L -7 A AR TR 2 A7 Fal sl 1A
MR, I — 7 20 N LA HL ) AH B
I HEE. UL, s & 5 3R A
e S, JFEEERRE MR EER TS
P B (k) -EF (q) MIEAERALT 2 5
oL, 4 FoR: (1) ZEIEF SR (NI ) 1,
k+q KT —AHEIMIX, BRTERRHE; (2) 78
B RE (U o8 ) o, krg B H X,
UL ORI JS T R AR T KA B e . Hodr, U i
PR30 7E = R AR, XA R 0 e IR A R
. E, a,Cr CARERIEK 1A kTR L A
A, TP TNkt H T 5 0,Cr CIRERTER 14> &
BT, E LN g AT AN T; a NFET
FAF; CF C ol REHS BT 10 7 AR ML R B4 o

TR

Q, k,qu

K4 mr-mrHEE

Fig. 4 Electron-phonon interaction
2 AT ENNE

45 MEPCMs H 5 7¢)2 BIAFFE B35 i A AR
MR S AMERE, L, HETRE IS R e S
X MEPCMs #E47 ot il 3 1 S g it
MEPCMs fCPE 2200 ot el e Fn e i btk o s
Mrektt, 38 H R TR TR aS e AR R
AP MM EE S 2 Bl (1) RS
PEBE AT 1 52 A b RE P BE A R S I KR T LU



* 1198

A% 4m 4 T FINE CHEMICALS

41 4%

WAL TR, B2 i A DL e A A 725 (2)
TEJEA S se i Al B — 2 sl R RE T 4 (052
BREH R RAE B IR AE TR TR I B AR,

PR AT i G AR SRR BT, R

WWINELE . —4 . = =L m S HARL, HEar
AN T (1 #AAL S 6 A58 O B AV B T ARG, AT 4 v
MEPCMs RT3 5 3o M Rt 32 25 A 4 i Ik
MR RRL T, B R 1 PR,

1 & PREERER B R
Table 1 Advantages and disadvantages of high thermal conductivity modified materials
5 Bigt NG s s o
A K (CNTs) 3000~6000  mEyEWRFR. WSk, BATH  AHHEER. METEER. [36]
uEa B OKHRER, BRATHEMEM S MR ERE
B 5000 KURTR ., fepdifas . &5 1T Bems. HuE. # 37
A 7= e AR
A sRiE (GO) 3000 B | T EEYE . LSRR PEAE  MREE HRENERE [38)
WMTRE ST« A7 AR . 5 T
gk &JEA4 Cu 401 BRI RERAARL . 5 Fafm . MarEE ARErEme 39
Wk R A WABAE . FARFRO . Rimgon  FRGEEHE
800 R
Ag 414 BRMHREAAMER . R R RETRE . Sz [40]
AR AR I ) 1
TiO, 8.4 es BB AL A AN A Hi BB BHWER . AR E . 4 [41-42]
Fe;04 6 RLAF A A= AR | DB A9 T DI (il [43-44]
REIFIOG A IERE . B B ZE Ak
ALO; 45 PR E TR . MEREE S . Pl [42,45]
4EAE SiC/BiKE SicC 390 BAFHOERERE . R AIm S AR BIR . MAEERE  r [46]
Ay (HSIC) PRSI R BT | AR
BN 1700 e BT AL EFALMER B . R4 [47]
etk . T e
SisNy 155 R R L0 AT A A S (48]
ZiC 22 FAE A R L TR R AP A GE [49]

PPERERD LI RE )

21 SEHMEM K

BHE B A AL RERE, AR A B R B 2T 4 78 fin 2]

SR A B ot 2w T e ik 22—
AR E B WA s RE S A M ot/ 2ot it
Y S ) T WO e A e AR 7 S S G <
AT F o) REFE—, DR AR
JEMR RSO o 1 ot/ 2 et A R A IR A 2
Fhal 2 F L EHPUER A YRS SIS AR EGY,
AT 5 95 Rl RE AR AR KR B KN, B B 9
T A B A s R O

Ty — P R E S M O i R AR S A R S
EA R RRBEEY . £EIEHES )RRk T &
PR R RE . o, 3 A REAY WS 0 T T A b R
MEPCMs () S#ERERY, BT, EMREE4
i CNTs. W24k | st X GO, Hrr, ffi Hfket
e = MEPCMs AR S #bERf, REKBHY
MEPCMs 254 7 8| ek v, 33 HLAHZE #

AT ol B 7 45 H i) MEPCM™2>4,
HEXT CNTs. 8805 S GO Xl otk s A7 1 40

I

2.1.1 CNTs &K

FRORIE T 10240, CNTs 0] 20y 2 25 BARERRAN
K (SWCNTs) FIZEERAIKE (MWCNTs ), H
BERR A 9N ) AR ECH 3500 W/(m'K), ZRE
BRANKAT DN 18] 3 R E0CH 3000 W/(m-K). H AT,
CNTs 2 VG442 MpLEL . —Fh 2 CNTs H 44
TS A B RY BEAIL X 25 38 i T a4 R Y 4R
A EE FIE DY B —FlEE T ONTs 195 T4
5 58 T A5 X 45 65 ) 2 2 G R R AR R L R 1 O
MENG %5754 T4 % SWCNTs 5 MEPCMs HIAHZS
P, R\ BE 5 5 SRR EE X SWCNTs #1784,
FAF RN AR (OICNTSs ) 1 Ry 15 35 15 5 4 B7E th



56 M

TR, A5 A RUR SRS P 5 T 5T R

* 1199

Jot 53R 97%IE -+ /\%E (C18 ) FlJi it 73 4°h 98%
IEZ B (C28) AW ok, il 4 BN
K 5a fiis. Z5REM, OICNTs 7E5E N4/ Hi
178 S T e sy v e O It 7 sy 7 B 61| A A = )
SR, RIMPE T AL, I el S AT RE
#1459 0K MEPCMs ( BCMPCMs ) iy 4
T 71.4%. @ sb frs, Hr, BCMPCM-00,
BCMPCM-01 .BCMPCM-02 Fl BCMPCM-03 43It
FEANAR e i #5 3 F b OICNTSs A&} 0, 0.2,
0.4. 0.6 go CNTs 5| A MEPCMs $& it 1 A] 357
4 T A TR R A i B 7 o LT 2681 MWCNTS
PEAREAS I ( SA ) (CNTs-SA ) Mkt . IREEM BG

a FRKFEH
S
21 3 ‘/w\'/'_'-;\l
ooty | PR oo 2R
C18/C28 o
‘\_\( X
I
E! BARY:
RON-TORIRET  — FRokEE
HEY (SMA) B,
3 0.40
g 035 b 0.329
E 0.30 - 443% TLA%| 050 0.288
b 025+ 0.228 |
g o20r 1584 092 . E
= r g g g g
g 0.15 g 3 3 3 5
3 0.10[ [ o q B g
S o005l E s S S
Q

0
£ Control BCMPCM-filled composites

Kl 5 4 OICNTs iy MEPCMs il & it FE/R K (a) MORIEIZEHE MEPCMs HLFE R E M S 2 S A BT R (b) B &

CNTs-SA MEPCMs G (¢ ) B3
Fig. 5

CNTs-SA (c)B¥

2.12 BEWHE GO &k

WELS5EPR T B0 2 ok 22 J2 0 R0 1 A R
FIBRE AL (& 6a), BFFERBL, 24800 A
SRETLZIZABE, ABGZE0NSFEKE
R RBEIGR (K 6b), JERALET £ 800
SEFRRAR T HS LR B i) T AABH , PR S AR R] A
A, NIRRT, AN, 226 R PHAE
JZ 0] 4 2 5 23 BRSPS s )

IR EC YA B S I R A TS TR
G, DL RENIREER R (MUF ) SHRER 25 T
MEPCMs , HA T Ze 25 7 88075 U8 T8t ) 14 g 386 i o
MBI F] 0.2 g i, MEPCMs [,
KPR E T 51%, N 0.092 W/(m'K), 158410
SERAE PGSR TG RUCGE AR AR R IS, AT

(UF ) R5%e#t, &8 7 MEPCMs, CNTs-SA 2 & ( LU
S R N EEUE ) SN 4%1%) MEPCMs B3GR R
M MEPCMs #J 0.08 W/(mK)# & & 0.14
W/(m-K), #8571 75%, W 5c Fin. X&EHT
CNTs-SA £ MEPCMs 1 HA R4 48k, nl ek
HeRiham, MMt TG,

ZE BRI, fESA Y, CNTs f93 & 78 af ff
MEPCMs H AT i} & 48 0 O 0% Sl %, 7RG ARNR
JEE VR S EL A T A R A S o SR T, CNTs il 4%
TERERARGHE, FHALRN P ZRKE
PR PR, ARk A58 0 S ZE el 41 %8 CNTs 7E
MEPCMs #% -5 5 T 9 52 s iy FH 3 Bl o

OICNTs

- /’."\/r
! .v\! )
—_— vl
A [T VY

______

BCMPCMs

1 2 3
Content/%

Schematic diagram of preparation process of MEPCMs containing OICNTs (a) and thermal conductivity of epoxy
resin composites filled with different types of MEPCMs (b)l°";

Thermal conductivity of MEPCMs containing

PRIG R ZHAO 22 17 5J5 - Pickering FLik A
R, HilE T ARG S AE G UM, RIEU=RR
WM AR (MF ) h5e#tifil s 7 MEPCMs, [&17E #%
FERRIEHN 3 0 1, B (Gr) Btk 0. 1,
2. 3 g/L il % BN AE U FE 53 51 microPCMs-0Gr

microPCMs-1Gr, microPCMs-2Gr, microPCMs-3Gr,

HEAW W AZea, OB ILE Ta, 55K
W, MaBEFEEKE R 2 g/L B, MEPCMs fJ#A
SRR, M0.621 W/(m-K), W& 7b fiR, X2
M T2 R B R 19 A 82 /E MEPCMs 431 fi
Bioy, fdAa RE I ok ok 1A A S B AR T
ki[RI, AR RS2 B i el 23 L4520 MEPCMs
AR K 7c Fias, HH, microPCMs-3/1

microPCMs-4/1 . microPCMs-6/1 , microPCMs-10/1



= 1200 *

M 4m 4 T FINE CHEMICALS

41 4%

SRR Z R E T, STt 30 1.4
1.6: 1,10 : 1 HI5HIFHZS 5 , microPCMs-4/1
B REE, H 0.707 W/(m-K), Ho 5 R A% 7 5
N 41 ) MEPCMs H MF -G W15h5e% hoe
#, AT A B AR AR AR, Y MF FiR Y5t

a

i

R

b
900 - —0— A single layer
800 | —o—Two layers
= —&—Three layers
:’é 700 - ——Five layers
= 600
ﬁr 500
400
300
200 - . .

JZREEI, MRS TR B AR, RO T 34
TR, B, FHA S Pickering FL W il &
MEPCMs 1 il 5 J5 3 K 5 BB IRIA 75 ifE — 25 455%
A B MEPCMs A 547 O3 S 3 FvE A B
TEAREAFA A By T ELA 2 A N Rl o

300 400 500 600 700 800
RE/K

Fl6 BB AT B T N AR T SR AR (a), A2 H0A B0 1 A T SR R 19254k (b) B
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Fig. 9 Schematic diagram of preparation process of MEPCMs (a)l’; SEM image (b) and thermal conductivity (c) of

NePCMs with different graphene content (c)l’*?
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Fig. 10 Schematic diagram (a), SEM image (b) and thermal conductivity (c) of n-eicosane-Fe;0,@SiO,@Cu MEPCMs!®"!
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Fig. 11 Schematic diagram of CaCO3/Fe;04@n-docosane MEPCMs (a) and thermal conductivity (b) of MEPCMs with

different SDS addition amount™*¥; Thermal conductivity of MEPCMs with different nano-TiO, mass fractions (c)™**!
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Fig. 12 Thermal conductivity of MEPCMs with different dosage of nano h-BN (a)!**; SEM image of MEPCMs containing

nano ZrC (b) and thermal conductivity of MEPCMs with different nano ZrC mass fractions (c)
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