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Abstract: The organic phase change energy storage materials have high phase change latent heat, stable chemical

properties, no supercooling and phase separation. Through thermodynamic analysis of decanoic acid, methyl laur-

ate, 1 decanol, lauric acid and tetradecane, and compounding them in pairs, three binary organic compounds of

decanoic acid-methyl laurate (molar ratio 30 : 70), decanoic acid-1 decanol (molar ratio 36 : 64), and lauric acid-

tetradecane (molar ratio 21 : 79) were obtained. Their phase transition temperature is all between 0-5°C and corres-

ponding latent heats of phase transition are higher. A kind of phase change energy storage material suitable for fruit

packaging and logistics was acquired through the adsorption performance of poly(N-isopropylacrylamide)

(PNIPAM) gel on binary organic compound, moreover the adding of polyethylene glycol 1000 (PEG1000) porogen

during the gel preparation process can effectively improve the swelling ratio of the gel in the binary organic com-
pound. The results show that, the phase change temperature of PNIPAM-40%PEG1000/decanoic acid-methyl laur-

ate phase change energy storage material is 3.2°C, and the latent heat of phase change is 188.10 J/g, and the phase

change temperature of PNIPAM-40%PEG1000/decanoic, acid-1 decanol phase change energy storage material is
1.2°C, and the latent heat of phase change is 177.74 J/g. The phase change temperature of PNIPAM-

40%PEG1000/lauric acid-tetradecane phase change energy storage material is 4.2°C, and the latent heat of phase
change is 206.17J/g.
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Table 1 Naming of poly(N-isopropylacrylamide) (PNIPAM)-
polyethylene glycol (PEG) gel

Mass ratio of Molecular weight of
PEG : NIPAM/% PEG

PNIPAM-y%PEGx  y x

Sample

Note: NIPAM —N-isopropylacrylamide.
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PEG1000—Polyethylene glycol 1000; APS—Ammonium peroxodisulphate; TEMED —Tetramethylethylenediamine
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Fig.1 PNIPAM-40%PEG1000 gel preparation process
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Fig.2 FTIR spectra of binary organic compound
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Table 2 Thermophysical data of organic matter

x 100%

Sample

Phase transition
temperature/ C

Latent heats of
phase transition/

Ug™M

Decanoic acid
Methyl laurate
1 decanol
Lauric acid
Tetradecane

31.39
4.74
6.13

44.54
5.68

153.72
179.25
200.31
181.14
215.85
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Table 3 The lowest common melting point of
binary organic compound

The lowest common  Molar

Sample melting point/‘C ratio

Decanoic acid-methyl laurate -0.86 29 : 71
Decanoic acid-1 decanol -0.74 29 : 71
Lauric acid-tetradecane 3.58 13 : 87
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Fig. 3 Differential scanning calorimetry curves of binary organic compound

-30 =20 =10 0 10 20 30
Temperature/ C

(f) Lauric acid-tetradecane

ERAC KA, PR, ERM-EXEE _THE
T5c 20 1 R 728 400 B U BE Y L L AR AR T IV L
HHEHE ., YMIERWYS IE 5 E KA
36 : 64, MASWI IR E K 3.80°C . AHAR L E R
A 11.72°C . AHASKS 4 180.94 J/g, WAl 4(b) Fior
BUE A ARV, MR iR, A AR bR IR R
FAHAR LR IR B A 18, JRIE AR A

XFF AR -G e A LR R, U5
FEIR HLAE 3 1 97~21 = 79 YL FRI PN, —+ DU RE % ¥ it
AR, ZaafiERih g B A — ki
W, YZHAMEE IR FUAE 24 ¢ 76~30 : 70, +PULEIRFI,
MR AER, EERTANEYR,

FRERR -1 DU %) 22 7 F3 4 i P th 2 ol AR — Al
Pl A 3() B . oA LR B AO REAS )
G B 5~6°C H O B B/, A AR W R R
205.80~217.94]/g. T UL AR &, ©5 HHER
Y52 A R TR B B AR A . M AR S+
St B EE IR L ok 21 2 79, M AE WD U IR E N 5.51°C
AR LR R 26.74°C . MHAERS S 216.46 /g, U
Bl 4a(c) frw, R AH AR W A, MR B
o3 TR AL
3.2 HTHEEEMBAI PR
3.2.1 MBA I B ) 15 KR B2 1 52 i)
PNIPAM #E i 75 — 70 A LA I W 1 i ik A i



7

WEAE . VR HEYIU R T MRS A R BB RO ) 45 5 P T fE

2685 -

10 — 40 1 240
g (a) Decanoic acid-methyl laurate
O [ = IyTC | 50 © 1 220
3 6 - T/C > =
5 - on
2 4= AH/I(J-g™h) £ 4 200 =
5 120 5 =
S 2t a T
: TR AR
S0 e RN e 10 F
2L 4 160
0 10 20 30 40 50 60 70
Methyl laurate Decanoic acid/mol% Decanoic acid
10 (b) Decanoic acid-1 decanol 40 7 240
8§ r —=T/C 220
% 6L —T1/C _ 30 % 1 ~
] o 2= AH/(Jg") o " e 8 E )
s 4r g o & 4200 5
5 : © 20 g =
o 2+ < T
£ £ 180 <«
= 0F A 10 &
-2 r \.»A»A 1 160
0 10 20 30 40 50 60 70
1 decanol  Decanoic acid/mol% Decanoic acid
10 - - 40 1 240
(c) Lauric acid-tetradecane
% 8 | = 1/C *: T,/C — 1 3 8 1 230 ~
S L™ AHIJ-g™h) o > 0
g 120 R %
L Q
g4 e g <
& 1 5 1 210
2 F — 10 =
L L L L L L 1 200
0 5 10 15 20 25 30

Tetradecane  Lauric acid/mol%  Lauric acid

Ty,—Initial temperature; T} —Final temperature; AH—Enthalpy
of phase change

4 TIUAHLE R BRI B

Fig.4 Thermophysical data of binary organic compound

Bye T pHAE . R DL K58 I 19 32 B0 3 4, ik
JHBLAR M B 43515 0.5 mol/L. 1 mol/L. 1.5 mol/L
F1 2 mol/L ) PNIPAM #E Jig i 47 % B, LAER 98 5L
AT B2 X KRR BE (D 52 R o HY T NIPAM iR i Oy
0.5 mol/L 1% 5 ¢ BB P55, To e as 31 AL P 4 1Y

Lauric
acid-tetradecane

Decanoic acid-methyl  Decanoic acid-1
laurate decanol

BERS, MOCHEMATIR KRS . lE 5(a) iR, B
1A He B > 1 mol/L i PNIPAM ¥ i B A B 5 IR
MR, HA SRR AR B, FRRVR BN, B
I e X — Je A AL TC 0 %) W B o 1E FH S BB
& 18 41 % o NIPAM J& & 19 0.25%. 0.5%. 0.75%
1 1% Y PNIPAM #§ i #F 17 % ik, i — PR %
MBA A2 B % 5 Xh i K R B2 A 52 . 1] 5(b) i
W S0 25 SR B, B % it NIPAM Jit & 1)
0.25% [} PNIPAM #F ¢ B A fe e W IR B, 7E
b 5 AR, SR A D R A B Rk
JCAPLE B W B, H R 2B FR) 5 h NIPAM
JBT ) 0.25% (1) PNIPAM ¥ i 7 % ik 2 J5 i T 32
B, BRFEE A . L 4 PNIPAM #E i (1)
HRYR BE S 1 mol/L, A & it NIPAM Jii it
Y 0.5%.
3.2.2 PEG fE L7 % PNIPAM-y%PEGx 5t ik ) 1k
P B 1 5

£ PNIPAM #E Jf¢ 1) il #% 2o 7% oo A AL A
PEG, 1%3%| PNIPAM-y%PEGx BEJiE, AJ LA 20
e P T R o BFLRI R & - FE7F PNIPAM-
y%PEGx B B IE iy ik B b I A S 5 o, R
di s — s B, AERERIE R Z G, AR &
BIFKIRIEE RBREA LRI O R, 516 2 PNIPAM .
PNIPAM-40%PEG1000 W F & i 1Y) FTIR &l i, 2
SR PR PP R S %) FTIR I 3% #H [/ . 3300 cm™
J9 NH 45 3R 50, 2945 cm™ WS 55 L1
Al CHy B IR S, 1650 cm™ J& T C=0 #Y XL
MR ZN (BERZ 14Y), 1540 cm™ J& T CNH 1 #248
PR Bh (BERe TT4F), 1387 cm™ Al 1459 cm™ ly CH,
SO, 7F PN 0040 BE i (1) FTIR &3 1 1 150~
1050 cm™ &b & A7 M52 21 B AU ) COC W i, 156 B
PNIPAM-40%PEG1000 # & ' % £ PEG1000,

50 | (b) Effect of cross-linker content Bazsm%
g o3 | %, . % . 7
M| W T
s 1§
M | ¢
g4 1 B

Fig.5 Swelling ratios of PNIPAM gels in binary organic compounds

C—Concentration

55 PNIPAM EEfiE7E — eA MR FCY b 7 Ik



- 2686 -

EaMB=ER

---- PNIPAM
— PNIPAM-40%PEG1000

Transmittance/%

4000 3000 2 000 1000 0
‘Wavenumber/cm™!
%16 PNIPAM F1 PNIPAM-40%PEG1000 £ Ay FTIR 5§

Fig.6 FTIR spectra of the gel PNIPAM and
PNIPAM-40%PEG1000

PEG1000 7} ¥~ X 1 & 1 3 A i # b 78 24 BfL ]
WA % 5 PNIPAM-40%PEG1000 ¥ 5 1 FE 1 J2 i
TE SN 56 B 8 3 7 KB oK iR bR 2 .
3.2.3 PEG ¥ 1 b % £ 00 15 K AR 32 11 52 i

%1 PNIPAM 55 #¢ ik PNIPAM-y%PEGx N5 &
AFEE MMM, WK 7 i, MEEK PNIPAM
K. PNIPAM-y%PEGx [) SEM & 1% (S48003% % 4t 1
i L B5 ¥ 3%, S4800 AU, H 57 Hitachi 23 ) 1] LA
Eih, PEG/r T MK, WM ITH R K,
BRI AR S H— B K, ks R/
B 8 FT7n . SEEGE5 KW, PNIPAM-40%PEG1000
BECAE — AL b A s Ik 78
E W -H HE R WP s b, PNIPAM-40%PEG1000 ¢
JIE (R v K T LASA 3] 53.31% ;3 7E IF 28 iR-1F 25
PNIPAM-40%PEG1000 % Ji& 1) ¥ ik £ v] DL ik F
53.70%; {EHHEMR-+DUket, PNIPAM-40%PEG1000
IS 1 V5 B B T LA GA B 52.47%., X SR T Y
PEG 1Y 4> T 1 4 4000, 8000 1 10 000 A}, HF
WU RS 8BOR BB 1855, & MR 2 1A &
HROPE e Bk HOBE B W B RE ) 225 MR % PEG 5
PEG 47 F 1t iy 200 B, 5 h U SR IT RN, TR
M e A HLE B W RE e 2%, AR I A5 1A HL
AHZS it REBA R AR S T B/ . BEI 2 IR IR
EZICAMLE BCY o — A, AR
B A B BB ROIR S, X R e A LR
T 4 1% Jo o R 3k T E S A A R B . B B4
23 5% A 100 g ) PNIPAM-40%PEG1000/1E %5 2 -
J 2 WG . PNIPAM-40%PEG1000/ 1F 2% fi% - 1F %%

(e) PNIPAM-40%PEGS8000
7 PNIPAM-y%PEGx S SEM &4

(f) PNIPAM-40%PEG10000

Fig. 7 SEM images of the PNIPAM-y%PEGx gels

fiz & PNIPAM-40%PEG1000/ H H: iR -+ DU e, I ik
T URAL B, BE R L 8CE T 30°C Ay 1E IR e IR AR
8 h(BI LR R IE o), & N A EH4E
AHAE fitt RE B4 ORL IT 2E AT FREE, BT &R R 4000
2.8%. 5.7% Fl 5.1%, i ] PNIPAM-40%PEG1000
eI RE IS AT R0 /> — ot WL e W A itk 5 i
3.2.4  FHZE IR B RIRE 728 v #R

A28 Y5k RITRE 78 P R R AH S i BE AR} RE
A I 38 FH TV W U ) B A5 . 38 i PNIPAM-
Y%PEGx #E i %t — 504 HL A L 4 i 47 W it 75 21 A0
AEREM R, BN INECFL I PEG W] LA = B i Y 5
R RS, $Em B s Ik, (A2 ook,
8 I 1) B A AR Ty 0N, DR O I T i Tl R
AN bl AL o0 S B e G i —
i 8 7 . PNIPAM-40%PEG1000 %8 i 76 = Fh —
JCA ML B B I RICR 5 b, AR AR T A R
WAL 9 7R o 3X = oRH 722 it BE A1 RH B S PR RE R
(1) IE 2SR - H AR W IR (B8 JK LE 30 = 70) % 1 A9 AH
5 i BE 4 BEly PNIPAM-40%PEG1000/1F %% /1% - H 4
R Wl , H AR W) IR IR B2y 32°C. AHAEAS
188.10 J/g; (2) 1E %% iR -1F 5 % (B2 /K HL 36 : 64) X



Ve BEW U e A LA ZE i RE AL Y ] 4 S Tk

4t

- 2687 -
70 1 (b) Bffect OEg\IIH(’)gI\(/)I content PNIPAM-20%PEG1000
s O B PNIPAMSOAPEGIO00 [ PNIAM: S0 pBC 16000
5 50t 2 D A
E DN 7 R .
ME S . 7t
U0 NN NN |\
wll 2NN | NN | ) \\
Decanoic acid-methyl ~ Decanoic acid-1 Lauric
laurate decanol acid-tetradecane

8 PNIPAM-y%PEGx M 7E —JoA HUR By h i Akt g
Fig.8 Swelling performance of PNIPAM-y%PEGx gel in binary organic compounds

70 |(a) Effect o PEG molecular weight )
e} l‘iﬁiﬁﬁﬁ.wmoo Eﬁiﬁﬁiﬁéﬁiﬁgig&
% ol 7 PNIPAM-40%P8000 NN PNIPAM-4PEG]0000
E ™ 7 AN %
Ny BN N\
£ 30 | W//%%V 7 /%§§§\\§ 7%§§ \

i BN | 2NN | ]\

e el acid radecane

300

(a) Effect of PEG molecular weight

250 | PNIPAM
PNIPAM-40%PEG1000

PNIPAM-40%PEG8000

PNIPAM-40%PEG200
PNIPAM-409%PEG4000
PNIPAM-40%PEG10000

200 b
150 | 7

AH/(J-g)

100 r
50

0

§
\
\

Lauric
acid-tetradecane

N

0

Decanoic acid-methyl Decanoic acid-1
laurate decanol

300

(b) Effect of PEG1000 content
PNIPAM

250 | 72 PNIPAM-20%PEG1000
PNIPAM-40%PEG1000 PNIPAM-60%PEG1000

200 NN PNIPAM-80%PEG1000 KN PNIPAM-100%PEG1000

fon r 7

50 -

= 150

~

S

< 100

50

0
Decanoic acid-methyl Decanoic acid-1
laurate decanol

acid-tetradecane

K19 PNIPAM-y%PEGx/ —JGA LR B (AR RS

Fig.9 Enthalpy of phase transition of PNIPAM-y%PEGx/binary organic compounds

N B AH 75 4i# BE 1 BF 7 PNIPAM-40%PEG1000/ 1F %%
1% -1F 5% s AH A2 fiff B M RE,  HCAH 2 ) B IR B R
1.2°C. AHAEHS R 177.747/g; (3) HEERR - DUk (B
KL 21 2 79) XF N 1Y AH A % BE A4 L PNIPAM-
40%PEG1000/ 7 /2 - DU % A A i g 44 ok, LA
WG IR 4.2°C . AHARKE S 206.17 /8.
4 Z5it

(1) 8 Ao 4 34 L VR 745 381 = A R I R S Y
AR I S 1 s A LR O . IE SR - H R
HEE . IEX R -IE 2 BEM A R -k, X —=Fb
TOCA MR ELY TCE R RO A B A L A AR IR
U 0~5°C, H HAG AT iy 4 1k F0 e 15 1 B,
it 2 A i DR 6 6 206 P 0K

(2) T oA HLE B FE A AR o R b A W)
AR, ARGt 2 & A e, FIH R N-RA
T s I JHe (PNIPAM) 5 JB¢ 1y W ity T L ek =
TIOCA MU AT R, AT DAY AR N A
A it s o

(3) 4 7F PNIPAM ¢ Jist 1) il 28 2 72 v fin A 2 AL
71| 2 ¢, —F% 1000(PEG1000), &M AE —JcA PLE L
Py ik B B v, A T A aE TR R B

% 5 W0 B R 9 AT HLAH AR ff BE M OEL . PNIPAM-
40%PEG1000/1E 5§ T8 -} H: MR W fi5 . PNIPAM-
40%PEG1000/ 1252 155155 PNIPAM-40%PEG1000/
FFERR -1 DU e A AR Gl BE A R

S 3k
(1] P, TEEGH, AT, 45 A Pl B RGP v 5 3 504
ARREREI S AL ZE A REIR R 4L (1], Hh E Pl TR 23R, 2019,

39(20): 5926-5937.

SUN ST, WANG Z X, LIN X N, et al. Off-grid integrated en-
ergy system with combined heat and power CSP plants and
phase change storage building[J]. Proceedings of the CSEE,
2019, 39(20): 5926-5937(in Chinese).

(2] KRS8 ZEW, P, 5. eIk st/ BERR AR R AR fik

RBSL BRI 2 K it /G (7). B, 2018, 63(7):
674-683.
ZHAITY, LIT X, WU S, et al. Preparation and thermal per-
formance of form-stable expanded graphite/stearic acid
composite phase change materials with high thermal con-
ductivity[J]. Chinese Science Bulletin, 2018, 63(7): 674-
683(in Chinese).

[3] HADIYAJP, SHUKLA A K N. Thermal energy storage using
phase change materials: A way forward[J]. International

Journal of Global Energy Issues, 2018, 41: 108-127.


https://doi.org/10.1360/N972017-00831
https://doi.org/10.1360/N972017-00831
https://doi.org/10.1504/IJGEI.2018.092311
https://doi.org/10.1504/IJGEI.2018.092311
https://doi.org/10.1360/N972017-00831
https://doi.org/10.1360/N972017-00831
https://doi.org/10.1504/IJGEI.2018.092311
https://doi.org/10.1504/IJGEI.2018.092311

- 2688 -

EEMRER

[8]

[10]

[11]

[12]

[13]

YANG Y, PANG Y, LIU Y, et al. Preparation and thermal
properties of polyethylene glycol/expanded graphite as
novel form-stable phase change material for indoor en-
ergy saving[J]. Materials Letters, 2018, 216: 220-223.
AN, SJeE, BEdE. A RER R e AR (0], 2
fEm 4> F243, 2019, 32(5): 541-549.

JIXY,JINZ G, LIANG F X. Application of phase change ma-
terials in building energy conservation[J]. Journal of Func-
tional Polymers, 2019, 32(5): 541-549(in Chinese).
ERE, B, 2R S TR EGE Sby Te (GST)
PRI T PR AR RIS (D] . Lo S0k, 2019, 38(2):
64-70.

WANG M T, GAO Z H, LAN C W, et al. Microwave tunable
metadevices based on phase-change materials GebeyTez
(GST)[7]. Electronic Components and Materials, 2019,
38(2): 64-70(in Chinese).

WEI F, LI'Y, SUI Q, et al. A novel thermal energy storage
system in smart building based on phase change
material [J]. Smart Grid, IEEE Transactions on, 2019, 10:
2846-2857.

ZRIbede, IRIEHE, B, 45 AR E W H AR B ML FEs N
RIBFFE R (7], U2 T /%, 2019, 40(15): 150-157.

LI X Y, ZHANG X Y, QIU X J, et al. Research progress of
phase change cold storage technology in food cold chain
transportation[J]. Packaging Engineering, 2019, 40(15):
150-157(in Chinese).

BETE, BUPOR, RS, 2. IEVIR- Y SRR A AR
Hil & AEFAPERE ()], L T ik, 2018, 37(2): 689-693.

LIY Y, ZHANG X L, XU X F, et al. Preparation and cyclic
properties of low temperature phase change materials of N-
caprylic acid and myristic acid[J]. Chemical Industry and
Engineering Progress, 2018, 37(2): 689-693(in Chinese).
MRBRE, 2L AVERRRER R M S SRz i DL ). ffRERL-
5K, 2021, 10(3): 1040-1050

LIN N Z, LI C C. Phase change materials for energy storage
in cold-chain transportation[J]. Energy Storage Science
and Technology, 2021, 10(3): 1040-1050(in Chinese).
WU e, BLEE. AR AR RERDRME SRS RE h B AT STt R 5
FH0]. BAVET, 2019, 39(11): 48-52.

JI J L, WEI X. Research progress in phase change energy
storage materials and application in buildings energy sav-
ing[J]. Modern Chemical Industry, 2019, 39(11): 48-
52(in Chinese).

FASHANDI M, LEUNG S N. Sodium acetate trihydrate-
chitin nanowhisker nanocomposites with enhanced phase
change performance for thermal energy storage[J]. Solar
Energy Materials and Solar Cells, 2018, 178: 259-265.
TYENT, M &A%, skIR¥. TR A4 KL CaCl,-6H,0 i ¥ 4F
P[] AL T4, 2017, 68(11): 4016-4024.

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

HE M Z, YANG L W, ZHANG Z T. Supercooling characteris-
tics of inorganic phase change material CaCl,-6H,0[]].
Journal of Chemical Industry and Engineering, 2017,
68(11): 4016-4024(in Chinese).

Ok, RRSE, XU, 85, A RRRR- 2SR/ T IUmE- T ke e A
HHARRHAEAS R & S HEREIE ST (] Hil¥2273i, 2016, 37(1):
60-64.

ZHANG XL, XUW W, LIU T T, et al. Preparation and prop-
erties of lauric acid-decanoic/tetradecyl alcohol-do-
decane composite as PCMs for thermal energy storage [J].
Journal of Refrigeration, 2016, 37(1): 60-64(in Chinese).
WANGY, LIU Z, NIU X, et al. Preparation, characterization,
and thermal properties of microencapsulated phase
change material for low-temperature thermal energy stor-
agel[J]. Energy and Fuels, 2019, 33: 1631-1636.

FEI. AL A AR R R P R I 2 S REDT S (D). R
Ei: BB R, 2020.

WANG C H. Preparation and characterization of organic
composite phase change energy storage and heat transfer
materials[D]. Nanchang: Nanchang University, 2020(in
Chinese).

JEl A, B2, XUTE, 4. SS - ARAR R/ M4 SRR IR A A
SRR 4 S PERE (1], AL T2%4], 2019, 70(1): 290-297.
ZHOU S X, ZHANG X L, LIU S, et al. Preparation and prop-
erties of decyl alcohol-palmitic acid/expanded graphite
low temperature composite phase change material[J].
Journal of Chemical Industry and Engineering,
70(1): 290-297(in Chinese).

SN, IR, EAREE, 45 BB A S RIRARF 1 RH BF ]
FeAERA ] . AL T2 4R, 2019, 70(7): 2758-2765.
JIAPY, WUWD, WANGY C, et al. Preparation and thermo-

2019,

physical property optimization of a new composite phase
change material for cold storage[J]. Journal of Chemical
Industry and Engineering, 2019, 70(7): 2758-2765(in
Chinese).

FEAdE, AR, AN, AR R/ A BRI AR B e AR
PERERTIE (7], KPHAE"I, 2012, 33(1): 131-134.

ZUO J G, LI W Z, XU S M, et al. Thermal properties of
caprylic acid and lauric acid as phase change cool storage
material[J]. Acta Energiae Solaris Sinica, 2012, 33(1):
131-134(in Chinese).

W, AR, FHE R, 55, IE SR -FR R - T IR R = Je AR TR
FAMASR R AERE (1], (L TR AR B 2015, 43(1): 114-
116.

HUANG X, CUI Y D, YIN G Q, et al. Thermal property of
ternary fatty acid of decanoic acid-palmitic acid-stearic
acid composite phase change materials[J]. New Chemical
Materials, 2015, 43(1): 114-116(in Chinese).

TRV, 2R, R, 5. IESSR- B - AR R = ek ILE


https://doi.org/10.1016/j.matlet.2018.01.025
https://doi.org/10.1109/TSG.2018.2812160
https://doi.org/10.1016/j.solmat.2018.01.037
https://doi.org/10.1016/j.solmat.2018.01.037
https://doi.org/10.3969/j.issn.0253-4339.2016.01.060
https://doi.org/10.3969/j.issn.0253-4339.2016.01.060
https://doi.org/10.1021/acs.energyfuels.8b02504
https://doi.org/10.3969/j.issn.0254-0096.2012.01.022
https://doi.org/10.3969/j.issn.0254-0096.2012.01.022
https://doi.org/10.1016/j.matlet.2018.01.025
https://doi.org/10.1109/TSG.2018.2812160
https://doi.org/10.1016/j.solmat.2018.01.037
https://doi.org/10.1016/j.solmat.2018.01.037
https://doi.org/10.3969/j.issn.0253-4339.2016.01.060
https://doi.org/10.3969/j.issn.0253-4339.2016.01.060
https://doi.org/10.1021/acs.energyfuels.8b02504
https://doi.org/10.3969/j.issn.0254-0096.2012.01.022
https://doi.org/10.3969/j.issn.0254-0096.2012.01.022

7

FAE Y BEM IR o e A HLARZZ i RE AL LR I A 5 B RE

- 2689 -

[22]

[23]

[24]

R /I A 85 AR R I 4 5 3R AE (7). AR,
2017, 31(2): 94-99.

LIYT, YAN H, WANG H T, et al. Preparation and character-
ization of decanoic acid-lauric acid-stearic acid ternary
eutectic mixture/expanded graphene composite phase
change material with a low eutectic temperature[J]. Mater-
ials Reports, 2017, 31(2): 94-99(in Chinese).

TANG Y, ALVA G, HUANG X, et al. Thermal properties and
morphologies of MA-SA eutectics/CNTs as composite
PCMs in thermal energy storage[J]. Energy and Buildings,
2016, 127: 603-610.

J5 o, WU, B i, 45, R OIG-— A ite T &
AUORAEAR e AL B HFLIR MR 7] L T4k, 2015, 66(2):
800-805.

FANG Y T, XIE H Z, LIANG X H, et al. Characterization of
polystyrene-silica@N-tetradecane composite nano-encap-
sulated phase change material and Its emulsion perform-
ance[J]. Journal of Chemical Industry and Engineering,
2015, 66(2): 800-805(in Chinese).

JE N, TEAER, RUTE, A Db - IR A WU S AR R
Tl e FERE )], ffRERlA 54K, 2018, 7(4): 692-697.
ZHOU S X, ZHANG X L, LIU S, et al. Preparation and

thermal property of a tetradecane-octanoic acid eutectic

[25]

[26]

[27]

phase change material[J]. Energy Storage Science and
Technology, 2018, 7(4): 692-697(in Chinese).

v ] [ AR AL B 5 2l MR SR 2T AR GB/T
21186—2007[S]. dtat: i EbRvEH AL, 2007.
Standardization Administration of the People’s Republic of
China. Fourier transform infrared spectrometer: GB/T
21186-2007[S]. Beijing: China Standards Press, 2007(in
Chinese).

T ] b A B D1 2. KL 22 R A i i (DS C) 53
T 20+ G TN 45 o A BE PRSI E - GB/T 19466.3—
2004[S]. b5t HEBRAE T L, 2004.

Standardization Administration of the People’s Republic of
China. Plastics differential scanning calorimetry (DSC)-
Part 3: Determination of temperature and enthalpy of melt-
ing and crystallization: GB/T 19466.3—2004[S]. Beijing:
China Standards Press, 2004(in Chinese).

T [ AR R R A 2. Wi AR LR AL e LA K BE 1
M5E: GB/T 14797.3—2008[S]. dt.5t: dEFREH Mkt, 2008.
Standardization Administration of the People’s Republic of
China. Natural rubber latex concentrate- prevulcanized
rubber latex-Determination of swelling capacity: GB/T
14797.3—2008(S]. Beijing: China Standards Press, 2008(in
Chinese).


https://doi.org/10.1016/j.enbuild.2016.06.031
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.1016/j.enbuild.2016.06.031
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.1016/j.enbuild.2016.06.031
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.11949/j.issn.0438-1157.20141287
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072
https://doi.org/10.12028/j.issn.2095-4239.2018.0072

	1 实验部分
	1.1 原材料
	1.2 样品制备
	1.2.1 凝胶的制备方法
	1.2.2 二元有机复配物的制备方法
	1.2.3 相变材料的制备方法

	1.3 性能测试与结构表征
	1.3.1 傅里叶红外测试
	1.3.2 差示扫描量热分析测试


	2 二元有机复配物热物性能估算
	3 实验结果与讨论
	3.1 二元有机复配物的热物性能
	3.2 相变储能材料的热物性能
	3.2.1 MBA交联剂含量对溶胀程度的影响
	3.2.2 PEG作致孔剂对PNIPAM-y%PEGx凝胶物化性能的影响
	3.2.3 PEG分子量及含量对溶胀程度的影响
	3.2.4 相变温度和相变潜热


	4 结 论

