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Research development of polymeric solid-solid phase change

materials prepared by chemical methods
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Abstract: The latest research progress of the chemical methods for preparation of polymeric solid-solid phase
change materials are reviewed, including block copolymerization, graft copolymerization, bulk polymerization and
interpenetrating polymer networks. The molecular structure and performance of polymeric solid-solid phase change
materials are analyzed. The factors affecting the performance of polymeric solid-solid phase change materials are also
discussed. The research directions of polymeric solid-solid phase change materials in the future are proposed as well.

Key words: polymeric solid-solid phase change materials; chemical methods; research development

FH7% #4 %} ( phase change materials, PCMs ) J&—
T RE G Tt 5 14 728 A T o 722 IR 2 (A ) 1 2
REVER L, T AH % A2 1ok B vh PR Bl RE & (— PR N
FRAASVEFA) 118 W S R A, ) I R 722 el 5 118 e A AR
W TR T TEAR S S R v A S B4R B B B T i
AT ORAFIEE o AHZASBAAH IR 3k SRR Al AT AT 2K
b fifp DR R RARL SR A B 1) A2 (] B R EC 2R L S
REVE Y A FH A H AT, AHAS AFREC )iz i T
S0 g ORBIRERIY BT EC T
ZEMR S AR

AHZS A RHE AR 3 2 v AH 25 0 284w D [T~
N R PN 1 R W S W e v R = B = s 1
P ANASARZAE AT R AIE ST 55 o 32 24 v 1 [ - A
SRR H R, [E] —ORH 28 A HE AR S G FE A R
PRI B TEN ] EAFTEBRBE , — M ZE B ],
HE— 2 N TEAFTEAR 22 [0, 55 43— (7] — (31 AH A2 b4
AR o] — [T AR S AR Y — ol A L[] B0 AH 28 44 LA
N A RN 2 1 [ - [ A A2 B ), BA A2 5 fe b e

B BT e ARV A /N B PR /N A 7 i
R TR AR RE o R AR TRLE R Y SR

g 731 I8~ [ AR A8 Bk B 95 D 1 R LAY )
PRAL R UL AR B R R RO 9 R
T RS A . SR R A R 4
T [ - [EAH A A4 A H R A = 0 1 [ - [ AR AZ /Y
WA Z — o FATE 408 445 B0 23 [ - [ AH
AR SE D5 6 TR i B R L R BOIE R
5 ARG HFMAES . ARSCHRTIE AR A
FAA Ak B 731 8] — [ AR A2 44 8 ) BF S 2 e ok
117 LB R G EE R

1 HEERZ

T B IRIL SR A 5 0 ML -3 AH 28 B4R
L5 HA SR 1 B A3 ol 2 R R 42 T A AR s 0
[ [ A A 4 R 3l 2 ik BEIG 3R ik A RN = T
[ - [E A A BB, 7 1 S5 H A B BN BE 2 B0
TEARAZ 1 A v AR A A HIL I —JBORH A2 41 R 8 24

W im B EA:2016 —02 -22

EETE P EM LGRS EOUH (2015M572513) 5 f sk @ A REASBHITE 55 2 LAl WF 52 01 H (310821151010)
TEF BT B2 (1986 - ) , 1L, IR, =B S REATRL 5 TR A5, 2 TR R A, 029 — 82334450 , weikun1986 @ yeah. net,



- 56 - LA AL T

BRBAE L T 255 T0 A T 245 22 ) P 2 2 2 TR e e 1
W 5 i, R B T 5 SR AR P , AR Y
DA BIR i A BEAA k9 2, DT 6 A8 6k 7 A A2 LR LA
AR REE RS

A D [ - AR BB 2 B (PEG) 5
PEEF 1,4-T ZFE(BDO) | Z5uRs ek vk iy — K 5L
foe S RS (Bt MDD 5214 18 T 3 40 s - [
FIAS#4 8 (PUPCM ) . 7£1% PUPCM ", PEG H4 1 %k
Bt AR5 25T, BDO S5t MDI MR BE . 45 R3¢
W], PUPCM 5 30 4 B 5 9 Bk R 50 L L J2: B 25 T
FER TR, f AR R o TR B A, b R
P4l PEG [/, Y IRE 5 T 4l PEG J4 il
i, A B B S R T, A O A B RE R R 8h,
PUPCM % WL {3 #7 [ 25, 52 06 [F) i 2 W, Bl %
PUPCM 1 PEG 5 2 34 T, AH AR K5 (ELG I, % #he R
Jr e, Alkan 25004 —BA O XL BTG R R
(HMDI) | FH 28 = S 5UER I (' TDI) | S0 7)< i — 57
e (IPDI) 43 %145 PEG1000 ( ¥ 43 7 & 4
1 000) . PEG6000 ( °F ¥ 43 T i & S 6 000 ) |
PEG10000 (-3 5t ity 10 000) B3 HEAT R A
SN (ZEPEIR L) L& RLT 9 FhAS [ 2 70 1t 38 i 7Y
RS A RE, BIFSE e B, S8 B f) A 6 o 20 B 140 23 T I
R GBS AR PR B R . B
BB PEG 23 RN, 4 JSC AR A 4 e 1 H 2
KEEREH . MR RS T 100°C BF, PEG1000-1PDI #1
PEG1000-TDI 2 Fft b4 44k £ il A6 4 98 4%, T LA
7 FAERHE 2200 EAR SRR H5 [ 25 . Chen 2517 L4
%l P BE ), 5 PEG8000 (F- ¥ 4y T R i A
8 000) \MDI ¥4 i, PUPCM K TSR ¥, 9% 5 ¥ i%
PR 5 R [ A 9 PEG8000 J4, 1535 — R I A

(E#EF 54 )

(211 X152 Aaf il 56 40K 3l 9 P A0 8 I ( SCRO) M3t v A4 £ 790 1) OF 52
[D]. K. R, 2011,

[22] Hylheste. ST RHERS + AOMKTE SCR LAY ffb ) il £ BF 72 [ D]
Kt BT R, 2011,

(23] SEMEHT, T mEdl, AT BE. LIS P ¢ hy 8 0 1 670 28 B A 350 1
SCR JBEAHPERELT]. AR P K227 4k HARFLAA R, 2013,43(4)
814 -818.

[24] Grzybek T, Klinik J, Samojeden B, et al. Nitrogen-promoted active
carbons as DeNO, catalysts 1. The influence of modification param-
eters on the structure and catalytic properties[ J]. Catalysis Today,
2008,137(2/3/4) :228 - 234.

[25] Yoshikawa M, Yasutake A, Mochida 1. Low-temperature selective
catalytic reduction of NO, by metal oxides supported on active car-
bon fibers[ J]. Applied Catalysis A ;General ,1998,173(2) ;239 -
245.

5536 B5E6 Hi

i PEG8000 fii & 4> ¥ iy PUPCM, % ¥ b %
PEG8000 & 2 ()34 /i, PUPCM (AR KA (3 i, {H
S5 RIS Ny PEGS000 Jit 2 43 BUR 1 70% B,
RABEAHAZFRE N RIS R AS , AN REAE R
[ — AR AR B4 L

T $E v PUPCM [ RH AR K5, 14 588 =5 o0 1 [ -
[ AR AE bR i ARE 7, Xi 2600 L — il 71 7 DY
FRIEAL AP R R H M BR (TABE) Sh 4% 51
53 k¥, it 5 PEG6000 MDI b, & i T —
FiELA SZAE 25 ) PUPCM, f£i% PUPCM i
1 TABE (%32 fb 5. 5T 4y #H 48 5.5 PEG6000 48 {1t 1
2R RN A, R EY 010 F5E 5 S8 B
TR ARAZ BT, AT % PUPCM BLAG 45 87 1) AH A8
Sl LR R R, R4 1% PUPCM H PEG6000
) BTt 38R 80% , B J2&1% PUPCM Ry ¥4 alike 5
GEEIE I Bk 153.5 1/g F1143.9 Vg, S2B[A]
BF# B, 1% PUPCM HA7 R 47 iy #488 E MEfg, & ad
100 YR AR PR TR i S2 55, PUPCM. (1% 40 2% 1 B2 55 4H
ARKEARL R A W S AR o A TR T 2 kg
P — 2 Y S P R S L A B — b B e / U Ak &
YI(OHTE) ,If-LAi% OHTE A4 45 5 b ipoc, 5
PEG6000 . MDI J% Jii & %, T —Ff £ % 4k i) PUPCM,,
W5 EER 3 508 T Ul R U EE ) PUPCM
XFEG, K BB A 3 4 ) v S Ak B o0 SR R RS
PUPCM ¥ AH AR BE B MR AR . X R B, 3l i AN
) B REJE A 4 BE 750 AT AN PUPCM it #H 748 L B8 kA 7
PEAE DT AT A 8 3 AN ) 9k B SR 1 R 4 T
[ [ AHAE AR Liao 251 LI 57 b B i ( Boltorn®
H20) 1A 4885, 5 /b MDI PEG6000 S, £ i

TS ALPUPCM, I fE R |, 1) 5 BRI

[26] Zhu L L,Huang B C,Wang W H,et al. Low temperature selective
catalytic reduction of NO over modified activated carbon fibres[ J].
Catalysis Communications,2011,12(6) ;394 —398.

[27] Wik, s se i fh , 4. F5F Mn-CeO,/ACFN [l SCR
Jms L] b TR, 2008 ,27(1) :87 - 91.

[28] Marban G,Fuertes A B. Low-temperature SCR of NO, with NH; o-
ver Nomex TM rejects-based activated carbon fibre composite-sup-
ported manganese oxides Part | . Effect of pre-conditioning of the
carbon aceous support [ J ]. Applied Catalysis B: Environmental
2001,34(1) .43 -53.

[29] Fan X Y,Qiu F M, Yang H S, et al. Selective catalytic reduction of
NO, with ammonia over Mn-CeO,/TiO, -carbon nanotube compos-
ites[ J]. Catalysis Communications,2011,12(14) ;1298 —1301.

[30] Wang X,Zhen Y Y, Lin J X. Highly dispersed Mn-Ce mixed oxides
supported on carbon nanotubes for low-temperature NO reduction

with NH; [J]. Catalysis Communications,2013,37:96 -99. H



2016 T 6 B

T — [ AR AL R R U, 45 1 45 2 B S A
PUPCM., £52R R W, 7= % DY B3 i A 45 2% Bl S A
PUPCM #BLY— & 73, 8 4% B PUPCM. A1 AE 4 {EL
i TS AL PUPCM., fy 2 3 DU it A 5 119 70 45
4, #2470 8 374k PUPCM 1 $4F4 & Pk g 3 125 T
Sk PUPCM, 14 K 73 ffk 1L 3E EE Ol 52 4 PUPCM $2
1L 14°C,

PUPCM (95> 145 ¥4 rP A7 AR SR BEMIAE B2, A B A1
HoA RSB R VE AT, (AR AR AL il B2 DL AT P
RS o AHJRAE B A7 1 [ AR 2 5 M A BH A S B Y
4hkh, 2 PUPCM B9 AH S RS R IR D TR

MPF USECHRED TE-EERNEVARHERE 57

PUPCM [1 #H 75 %% &, Chen 2" F| 1 PEG6000 .
PEG10000 43 %l 5 MDI, 4§ 7] 24 3 — & B
( MDEA ) 2515 31 55U 5 A 1) SR 24 0, A8 5 ¥
13- JEA R N TR 5 1% 3R 2 SO, i TR i R A
BRIBEB g | A B 15 3 — M R AT B R Y
[ [ AH AR B, HAb 2E 5 R 1 s . BT 8
TP B A Y N SR RE R 5 , M R R BEAH
O3 RE BE O OR, MRS E R S, B
PEG6000 F1 PEG10000 (1) 5 2 Fig 25 28 ¥y [ib] - [ib] 45 A%
ERL, HAB RS 23Sl ik 142.5 J/g F1152.3 )/ g, it
& T EHGE KR 4 PUPCM,

0 VS q 0 7
....NNH—C—OCHZCHZIII‘”CHZCHZO—C—NH{@fCHZONH—C—O(CHZCHZO)"ICHZCHO—C—NH]-

CH
ca
CH
50

- §
3
3
3

AN /

BB

KB

Bl RABHERAWTELFELE MK

2 ERHERE

HRIRIE AR S RS Lo it A
SRR T — RIS R DL B AR
SCEETR SR 31 1] = [ AR AZ AR 3 i A L 3R
V5 L R 23 I = [ AR AR, AR S SCRE RO IR
SABLE RARE M RLE TR LS S 5 LER S Z
[ P2 AR S B RE A A IR A S B, R IS RS )
AR A S 2R 1 FE AR AR R A BR
AR 51 ] —3BORH AL R RE B R Bl , DA T 6 A R A AT A
TR LA EATSORFF [ 25

Sari 55 IR 205 (PS) VRN JEURE, W fiE
5], 45 2] T IRAL IR 20, TR - IO R AR
PEG6000 [z & i T PS —g —PEG6000 [ — [ AH 2% A1
o ZRFRW], MR EE T E PEG6000 45 2 I,
AT E 28R PS (Y BR I, PS —g ~PEG6000 1754 [¢]
B, ARAWRGL . B PEGE000 i (13 fin, PS -
g ~PEG6000 [&] & AHAS BRI A A KA (E 3G T, 2470
WERIHK M5 PEG6000 fy i Fe oy 10 T, T 5 Al
(1) PS —g —PEG6000 [F] — [& A1 22 #4164 ¥ il K 17 15
179.47 J/g. SEBe[RIBF R BH, T PEG6000 H-A #
= B PS —g -PEG6000 [iH] - [ AHAZ A4 Y A 5
FRIg T PS, T HLBE#E PEG6000 5 (1% 14 i i $2
o Chen %5 LANEIE A AL, i PEG10000 55T
TR B AT 2 XU R 2R £ e (CPEG) , R R
5 R DO A IR 4 7K H il 18 (PGMA ) 2 R A3 31 1

CPEG My AH7E B0, PGMA hy H 28 Ay [ — [ AH 2% 41
Ko T CPEG MR I RE 5 PGMA SCiEH (1)
WA B L, T E PGMA —g ~CPEG [#] -] AH 7%
R IE BUSC IR AR 2544, 43 7 45 #h 7m 2 1 LA
2, T2 PGMA 3~ BTN Sk AR 45 44 1 PR
il B4 52 BN K5 e, PGMA —g —~CPEG [ -
T AH AR 1A R ) 5 Tl K 5 25 db s AL a3 381 ok 73,2 0/ g
F169.8 J/g., {H 1% PGMA —g ~CPEG [ — [ #H 48 #4
BHEA L R B9 28 PERE, S5 50 R W], PGMA —g -
CPEG [ [&] #H 742 4} Y 5 K 2% 51 3 22 3 8 5y 3k
427.1°C , M Fb F-4 PEG10000 £ 25 T % 40°C .

B2 PGMA-g-CPEG 3t R4 o5 457 &

LS I A5t J2 M T80 1 45 L M A
Fob .t A T A A R T LI ek 7 2
Lo EBE L W R 40 T [ - RS bR, Sari
A1) FIE o R (PA) 5 LBk S I 6 et
SIS PS SRR T PS —g —PA 5] [E I
BHEL. S5 LR, PS—g ~PA [~ A28 b G A
K ELREZE PA 4 Bt (30 I D, T L 5 3o



- 58 - LA AL T

5 PA 1Y E R, U PS —g —PA [ —[E AH S A4k} AR
ASRIE . Zid 5 000 K FHREIRAG IR, PS —g —PA [ -
[E5] AF S A AR (8 A A8 T B AR AR K 1 S b 2 254 R &
A A, S R B FRB R B i
G50 2 AB B B — A B (R = F 160°C ) |, %
NET S BE PA Y R A 55 A B (IR B & T
350°CHT) , W T PS Zh THEMI PSR . Shi 220
TE+4\JE(COH) 55 TDI DLEE/R FE 1: 1 i, &
E NE SR DL H AR =T 48
(DBTDL) VEfEAL I, 558 2 Ml (PVA) | N il £ T
PVA-g —C,OH [& - A4S A4 kL, B3 2o 44 il 4
B, AT LAY 15 PVA —g —C O [f] - [&] AHAZ A4 R 1) AH
AR B RAH AR S (B, 24 B3 N 283% 3 i #
503% I} ,PVA —g —C s OH [&] — [ A1 25 4 B 1 F- 25 4
AEH5 N 40 1/ g R K E] 63 1/g, Wang 2600 LIt
FH LR T A AL R0, 0 SRR 0 I T s — T T
(SMA) 5 K [A] 2 # 14 1E %€ B2 (Cyy OH, C, OH |
C,sOH .C, OH) [Z i , & % T — % %1l SMA —g —C,OH
(n 43302 14 (16 (18 .26 ) [ - [E A A b1 L, 2553k
B}, SMA —g —C, OH [f] [ FHAZ 4 46} 14 AH AR YL AR AR
S S SRR IR e FREM KR UIMI . BiE X
HEIELE R 3G i, SMA —g —C, OH [ -[#]
FHAS B4R - Y A AS KGN 37.9 )/ g B i K 3
110.7 J/g, T %5 @l 6 2 N 34.7°C & ¥ 35 2]
73.7°C , 45 SRR M 14, 3°C B3] 65. 2°C .

FAREET PR SR 0 1 o0 TR R A 2 R
SN R B 0L 15 B 41 48 2 N BR IEF (CP) |, L DBTDL
SEAEH] g 2 BRI S B EE (E,C 6 ) B 1)
TDI 5 CP fi@,%ﬁiT CP-g-E,Cj @‘@*HE*X
o B G RUERHD E,C YL, 13 T — R
B A WA B R 25 ~ 28°C AR BE Sl 11 ~ 13°C
(1) ] — [ AHAZ AR, 438K E,C o 9 75 5B, [5-[5]
FHAS B4 Ak B9 AH AR 5 (B 2 7 W 16 K B . 2 1
CP—g —E, Cq [ - & AHAS A4 B} 5% #6535 i
287°C , 45 BRI T B 25 2435 25 B T (1 7 4 R o
IR RET 4

3 Hftk=zrmx

Tang %> He AT A4S BT 10 F L R IR IR 5
L B BEER (PEGMA) 110 3R 45 A, Llod %4k
AL (BPO ) g fE AL, A1 AR 38 R 5 1 T
PEGMA (¥R Y PP (EGMA) [ -[F AR A 41 kL. A
B TR AW EHE A7 AE, PP(EGMA ) [ [ AHAE A4
FH AR S K5 (AR T PEGMA, & H{Kk PEGMA

5536 B5E6 Hi

M43 it 2 080 I, X 54 PP(EGMA) Y %% fil
Yo 525 B4y Wk 132.5 1/ F1118.6 1/ g, X I 1)
J5 Fa I B 5 2 IR 43 5 Ry 44, TC RN 11.4°C, 24
A HA PEGMA (1) 4y 1 J5i 1 Jd /N, PP (EGMA)
A A S (L5 R AR I B HT B 2 AR ik 3R BH mT LAl
WA > T i) PEGMA , il — R HA R
v A1 75 ek B AR A8 0 (A 1o 2 [T - AR AR 41

Guo %1 DL = ZL Wl M AL, FH PR s T 4
SIEcrE+5 H il (PDG) F PEG4000, DL jx 2 gl it
FE A R RRE, R R 26 B E ML A T P
(DG—co —EG) [# -FEAHAS M Kk, 2 Fp IR A 1 A4 W]
i T SR R, T AR 3R A W 4% 5 58
R AWM 25 AR ZF , T2 A EL AT IR [0 38 B G i 1 2
W45 KA W) [ -FEAHAS MR, 2% P(DG —co —EG) [#] -
[ AHAS BRI foe K 2 B 3 0 3 v 3k 420°C , X
KB, WA St PEGA000 & 5 (3% /i, P (DG —co -
EG) [ -FEARAE bR R I, 18R 6 1 RRLk
R[] 7R 20 T 33 T, 2 B A R 1 R A5 it B BE T iR
Fang 2" 1 PEGA000 (SF- 3443 7 i i 4 4 000)
S5HEM IR E =51, [E 1L 7] Jeffamine D230  fi¢ #f 5
N, N-ZHEIEWNEER G P BG4 T
PEGA000/ 544 i 7 BUAHAS 4L, F F Ak 2 Jr i il
BT AR Y [ - AR AR A RL . 7E PEGA000/ 344 %
i & BUAHAE B R, PEGA000 355 b 43 HUTE 4 4204
NRMIMLE 258 o 43R T = 2 PEGA000 [ 94 5
Z b, H1F PEG4000 [)53F-55-5 2 E W IR B9 7 4%
FIE Y L8 , I 12 52 TR AH AR b1 R 22 0L R 425 [
B, RAWARRLH

4 FiETRE

[ e R i Rt v e e R N L SR G X
HO N ER . AR, [ NAMITTEE A I
ARG U — R A RO - A AR, XA A
A AR PERE A 5 201 [ - [T AH S bR AN BT b o A1 A
PR OB AT A ANt , MR E s &
J 31 I~ [ A AL R R A T AR 22 R 1 A R 4 )
L, At DA 2 X EREE R H 45 QT , T A
TR R R 14 o A WL TR, X 13 23 [ - [
FHASHERHI R I ] B A B 20 S e PR A i
A BT AR, A Rt B 22 B AN R A AL I
R AR 8 (L ) 5 20 [ = [ AR S Bk, 9 R A1
THA S VI L 5 A A6 & T 35 AR A BhAS 42
PRI T 75 i, R AR I R TT o MM
B BT — 22 IR, — 5 BEJT &t PR RE T A



2016 F6 B MPF USECHRED TE-EERNEVARHERE ©59 -

S5 19 55 70 1] [ AR AL AR

(1]

[2

[

[3

[

[4]

(s

[

[6

—

[7

[

(8

[l

(9]

[10]

[11

[

[13]

[14]

225 3k

Barreneche C,Navarro L.,de Gracia A, et al. In situ thermal and a-
coustic performance and environmental impact of the introduction of
a shape-stabilized PCM layer for building applications[ J]. Renew-
able Energy,2016,85:281 —286.

Zhu N,Liu P P,Hu P F,et al. Modeling and simulation on the per-
formance of a novel double shape-stabilized phase change materials
wallboard[ J]. Energy and Buildings,2015,107 ;181 —190.
Siddiqui M O R,Sun D M. Computational analysis of effective ther-
mal conductivity of microencapsulated phase change material coated
composite fabrics [ J ]. Journal of Composite Materials, 2015, 49
(19) :2337 -2348.

Zuravliova S V, Stygiene L, Krauledas S, et al. The dependance of
effectiveness of incorporated microencapsulated phase change mate-
rials on different structures of knitted fabrics[ J]. Fibers and Poly-
mers,2015,16(5) :1125 —1133.

Xu B, Li P W, Chan C. Application of phase change materials for
thermal energy storage in concentrated solar thermal power plants:
A review to recent developments[ J]. Applied Energy,2015,160:
286 -307.

Gharbi S, Harmand S, Ben Jabrallah S. Experimental comparison
between different configurations of PCM based heat sinks for cooling
electronic components [ J ]. Applied Thermal Engineering, 2015,
87.454 -462.

Kalbasi R, Salimpour M R. Constructal design of phase change ma-
terial enclosures used for cooling electronic devices [ J]. Applied
Thermal Engineering,2015,84:339 —349.

Yamada K, Nagano H. Development of a heat storage panel for mi-
cro/nano-satellites and demonstration in orbit[ J]. Applied Thermal
Engineering,2015,91 :894 —900.

Kim Sughwan, Paek Songyee, Jeong Su Gwang, et al. Thermal per-
formance enhancement of mortar mixed with octadecane/xGnP
SSPCM to save building energy consumption[ J]. Solar Energy Ma-
terials and Solar Cells,2014,122.257 —263.

Wang Y,Wang S Y,Wang J P,et al. Preparation, stability and me-
chanical property of shape-stabilized phase change materials[ J].
Energy and Buildings,2014,77 .11 - 16.

Ferrer G,Sole A ,Barreneche C,et al. Corrosion of metal containers
for use in PCM energy storage[ J]. Renewable Energy,2015,76:
465 —469.

Qiu X L,Song G L,Chu X D,et al. Preparation , thermal properties
and thermal reliabilities of microencapsulated n-octadecane with a-
crylic-based polymer shells for thermal energy storage[ J]. Thermo-
chimica Acta,2013,551:136 - 144.

Han P J,Lu L X,Qiu X L, et al. Preparation and characterization of
macrocapsules containing microencapsulated PCMs ( phase change
materials) for thermal energy storage[ J]. Energy,2015,91.531 -
539.

Cui HZ,Liao W Y ,Mi X M, et al. Study on functional and mechan-
ical properties of cement mortar with graphite-modified microencap-

sulated phase-change materials [ J]. Energy and Buildings, 2015,

105:273 - 284.

[15] mgt, AR, . BB -5 AR AR 43 B 4540 5
ARAR AT [T ] P E B, 2011,25(3) 125 - 28.

[16] Alkan C,Guenther E, Hiebler S, et al. Polyurethanes as solid-solid
phase change materials for thermal energy storage[ J]. Solar Ener-
2y,2012,86(6) ;1761 - 1769.

[17] Chen C Z,Liu W M, Wang Z Q, et al. Novel form stable phase
change materials based on the composites of polyethylene glycol/
polymeric solid-solid phase change material[ J ]. Solar Energy Mate-
rials and Solar Cells,2014,134 .80 - 88.

[18] Xi P,Zhao F L,Fu P,et al. Synthesis, characterization , and thermal
energy storage properties of a novel thermoplastic polyurethane
phase change material[ J]. Materials Letters,2014,121,15 - 18.

[19] SR8 t, vams , AW , 5. —Fhf 4k i o1 B4 [ - Iﬁ*ﬁ*ﬂﬂﬁ’]
BIRSAERELT]. B> TR R S T, 2013,29(7) -1 -4,

[20] Liao L,Cao Q,Liao H Q. Investigation of a hyperbranched po]yure-
thane as a solid-state phase change material[ J]. Journal of Materi-
als Science,2010,45(9) ;2436 —2441.

[21] Chen K,Liu R W,Zou C,et al. Linear polyurethane ionomers as
solid-solid phase change materials for thermal energy storage[ J].
Solar Energy Materials and Solar Cells,2014,130:466 —473.

[22] Sari A,Alkan C,Bicer A. Synthesis and thermal properties of poly-

[

styrene-graft-PEG copolymers as new kinds of solid-solid phase
change materials for thermal energy storage[ J]. Materials Chemis-
try and Physics,2012,133(1) :87 —94.

[23] Chen C Z,Liu W M, Yang H, et al. Synthesis of solid-solid phase
change material for thermal energy storage by crosslinking of poly-
ethylene glycol with poly (glycidyl methacrylate) [ J]. Solar Ener-
ay,2011,85(11) ;2679 —2685.

[24] Sari A,Alkan C,Bicer A, et al. Synthesis and thermal energy stor-
age characteristics of polystyrene-graft-palmitic acid copolymers as
solid-solid phase change materials[ J . Solar Energy Materials and
Solar Cells,2011,95(12) :3195 -3201.

[25] Shi HF,Li J H,Jin Y M, et al. Preparation and properties of poly
(vinyl alcohol ) -g-octadecanol copolymers based solid-solid phase
change materials[ J |. Materials Chemistry and Physics,2011, 131
(1/2).108 - 112.

[26] Wang H X,Shi H F,Qi M, et al. Structure and thermal performance

[

of poly ( styrene-co-maleic anhydride ) -g-alkyl alcohol comb-like co-
polymeric phase change materials[ J ]. Thermochimica Acta,2013,
564 :34 -38.

TR, BRAR, SKGHE, A5 L e K IR —g - — & . BFIE TN
S ][5 AR AS A  h o SPERE LT ] W S 2 AL 2244
2015,36(6) ;1221 — 1227.

[28] Tang B T,Yang Z Y, Zhang S F. Poly( polyethylene glycol methyl e-

ther methacrylate) as novel solid-solid phase change material for

(27

[

thermal energy storage [ J]. Journal of Applied Polymer Science,
2012,125(2) :1377 - 1381.

[29] Guo J,Xiang H X, Wang Q Q,et al. Preparation of poly( decaglyc-
erol-co-ethylene glycol) copolymer as phase change material[ J].
Energy and Buildings,2012,48:206 —210.

[30] Fang Y T,Kang H Y, Wang W L, et al. Study on polyethylene gly-

[

col/epoxy resin composite as a form-stable phase change material
[J]. Energy Conversion and Management,2010,51 (12) ;2757 -
2761. 1A



