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Abstract To address the low thermal storage performance of solid-liquid phase change composites caused by the encapsulation composite
effect, composite-shaped phase change materials based on paraffin (PA)/hydrogenated styrene-butadiene block copolymer (SEBS) were
prepared using the melt-blending method. A porous mesh structure was designed to optimize the thermal storage performance of the
materials through the modulation of process parameters. First, the optimal mass ratio of SEBS-encapsulated PA was determined to be 2 :

8; at this ratio, the 80% PA/20% SEBS composite material was well-shaped, and the mass retention rate was maintained above 99%.
Furthermore, the results of the orthogonal experiments showed that the process parameters significantly affected the encapsulation and
thermal storage properties of the materials, and the extreme difference in the enthalpy of phase change of the nine groups of 80% PA/20%
SEBS samples was as high as 28 ]J/g. Among them, the enthalpy of phase change was increased by 8% when the melting temperature was
increased from 150 °C to 200 °C. The results of the orthogonal experiments also showed that the phase change enthalpy of the 80% PA/
20% SEBS composites increased by 8%. The optimized PA/SEBS melt blending process parameters were finally determined as: blending
time of 2 h, temperature of 200 °C , stirring rate of 100 r/min, and direct cooling to room temperature. Under this preparation process,
the phase transition enthalpy of the composites reached 161.2 J/g with 99. 3% crystallinity.

Keywords composite shaped phase change materials; porous mesh structure; thermal storage properties; encapsulation properties; or-
thogonal experiments
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Fig.1 Mesoporous and microporous mesh encapsulated PCM ( encapsulation compound effect )

25 LR it 2L IR S5 R 7 2% WL 2= T A A
BEARZS BB BIF 5T © 28 LA, (M GOV B3 i
RGBTV R Z LR ES R AL AL 2 S AR A2
FERHAPERE BIWFFAT IR Bk Z

PR, AR SGE 3 4 T A SRS 1, A
e T AR AE 1 B A SR PEBE . >R ] SEBS ( styrene
ethylene butylene styrene) iy 2 #8444, KL IR 25 44
REfSER AL R a8 1 23 [ i PCM A TP HES , i PR IE
HEERE (45 MR ) s R A8 (paraffin, PA) N
HIAEREL, il % T PA/SEBS & A AHAS Mk}, HARAES I
JEZy N 55 °C, Al )Tz BT BOR RTR B BE A R
GEN R, g O A B M S Y SR AE T
B B 1 SEBS: PA Ry f HE i i b f — 2P 4, 3
I IESGIRYS, £ X PA/SEBS & A bHRE G K il il 45 T
SSBAT IR I BT RO R ARE5 4G s AL TR &

— 76 —

HYEAPERE FFIE T T LM ILES
1 EaMHH&

1.1 Rt 5ig&

SEEIARE A (PA) RIE T AL H AR A
RN T S R TR, B4R 2 i SR 2
M= T "Mtk Bt LR Y (SEBS) K YA T Sigma-Aldrich
RS ABRA T, ER N R A aBURRR E A

SEHAN AR AHE RT- (KR 0.1 mg) HEFESR
T INFRER HERESE

SrPrias S Z 8. R AT DSC 2500 AL 2278
FIH R PSR AR AR R K 0 ~ 70 C IR X
6], FHER N 5 °C/min ; 2K F Nicolet 6700 % f 41
HMCTEACIN AL LB 3 5 2R ] Gemini 300 29 A ¥8 7R
1 AT HEE R B I O S )



Tk F4 4
2025 4 8 A

J& W, %5 . PA/SEBS & &€ RIS RH £ 5 3 A EREILfL

Vol. 46, No. 4
August, 2025

R 1 ETRAMNTILK G E S M EHERERT EL

Tab.1 Comparison of properties of composites based on macroporous and mesoporous mesh structures
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Fig.2 Preparation of PA/SEBS polymer stereotyped phase change material based on melt blending method
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Fig.4 Effect of different process parameters on the microstructure of polymerized stereotyped phase change materials
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Tab.2 4-factor, 3—level orthogonal variable design for
80% PA/20% SEBS sample preparation
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Tab.4 Phase transition characteristic parameters of PA/SEBS with different mass fractions

2R AR/ C IBIbIE(E/ C ek (rg)  BERENREE/C BERIEE/C BRI/ (I/g) 45FIE/ %
4l PA 54.51 62. 49 202. 84 56. 11 52.52 192. 26 100
90%PA/10%SEBS 53.82 60. 13 169. 44 57.05 54.95 168. 12 93
85%PA/15%SEBS 53.79 60. 02 162.96 57.51 55.07 159. 60 95
80%PA/20%SEBS 53.77 59.01 158.76 58.02 55.28 151.32 98
77%PA/23%SEBS 53.21 58.71 144. 36 57.5 54. 61 135. 84 92
74%PA/26%SEBS 53.60 58.96 132. 96 57.02 54.41 121. 20 89
70%PA/30%SEBS 54. 41 59. 60 114.72 57.02 54. 40 100. 20 81
67%PA/33%SEBS 53.81 58. 80 102. 24 56. 21 53.61 95.52 75
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Fig.9 Styling effect of 9 sets of mass fraction 80 %PA/20%SEBS orthogonal experimental samples at 70 °C
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Tab.5 Mass maintenance of 9 sets of mass fraction 80 %PA/

20%SEBS orthogonal experimental samples at 70 °C

Ei‘%/g
FE K/%
Omin 30min 60 min 90 min 120 min

1 11.56 11.56 11.55 11.55 11.55  99.9
2 7.97  7.97 7.97  7.97  7.96  99.9
3 3.54  3.53 3,53  3.53  3.53 99.7
4 8.15 815 814 814 814 99.9
5 9.47 9.47  9.46  9.47  9.46  99.9
6 8.91 891 890 890 890 99.9
7 7.14 713 713 713 7.13  99.9
8 10.49  10.49  10.49 10.49 10.49 100.0
9 7.87  7.86  7.86 7.8  7.85  99.7
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Fig.10 Rheological conversion rates of 9 sets of mass fraction 80 %PA/20%SEBS orthogonal experimental samples at 70 °C
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Tab.6 Phase transition characteristic parameters of 9 sets of mass fraction 80 %PA/20%SEBS orthogonal experimental samples

BatE biRE/C IERIgE C s/ (J/g)  BERENEE/C BREIEE/C BEEKG/(J/g)  SERE/%

K 1 55.12 61.12 137.8 58.31 54. 82 119.91 84.9
K 2 53.21 60. 59 150.7 58.11 55.13 136. 20 92.9
K 3 53.81 59.45 161.9 58.61 56.91 141.24 99.8
K 4 53.34 59.99 148. 8 58.13 55.12 141.72 91.7
FESL 5 54.62 60. 89 136. 4 57. 81 54.28 119. 88 84.1
K 6 53.82 59.28 149.0 58.01 56.35 135. 00 91.8
FEdh 7 53.81 60. 41 149.6 58.12 55.38 140. 88 92.2
K 8 55.21 61. 67 145. 4 59. 02 55.45 131. 04 89.6
KL 9 54.12 59.32 160. 4 58.03 56. 68 149.76 98.9

&7 RESH 80%PA/20 %SEBS M IE iKWK 45 R o547
Tab.7 Analysis of test results of orthogonal experiments with mass fraction 80 %PA/20%SEBS
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2 2 1.5 2 175 2 100 1 2 150.7
3 3 2.0 3 200 3 150 1 2 161.9
4 3 2.0 1 150 2 100 2 4 148. 8
5 1 1.0 2 175 3 150 2 4 136. 4
6 2 1.5 3 200 1 70 2 4 149.0
7 2 1.5 1 150 3 150 3 HiESHEZR 149. 6
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