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Table 1. Mass fractions of each component in the

phase change composites.

10 pm 50 pm 100 pm

FG/%  FG/% FG/% T CMC/% PCE/%

Sample

1 4.25 4.25 16.50 70.00 5.00
2 4.25 8.25 12.50 70.00 5.00
3 4.25 12.50 8.25 70.00 5.00
4 8.25 4.25 12.50 70.00 5.00
5 8.25 8.25 8.50 70.00 5.00
6 8.25 12.50 4.25 70.00 5.00
7 12.50 4.25 8.25 70.00 5.00
8 12.50 8.25 4.25 70.00 5.00
9 12.50 12.50 0.00 70.00 5.00
10 25.00 0.00 0.00 70.00 5.00
11 0.00 25.00 0.00 70.00 5.00
12 0.00 0.00 25.00 70.00 5.00
13 4.95 4.95 5.10 80.00 5.00
14 1.65 1.65 1.70 90.00 5.00
15 9.90 9.90 10.20 70.00 0.00

074401-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 074401

E%, . '! = .‘\"'\‘
ST way
@ ’ - , =» |5

Py
BELHLFRIE  BEdEsEL

BT AR

PR R

Jhirifz

F1 2 YEmr A S P o Gl B AR 7S B B ) 8 U AR

Fig. 1. Flowchart of the preparation process for multidimensional carbon-based thermally enhanced microcapsule phase change com-

posite.

3) BT BBk IS IR & W 55 2 Bk
A, 75 80 C T8 12 h, R To/K LB
e RIS RS MRIR G Y. TS,
B AR SRR i LA IE AR AT 3R, i TR

4) AR A TS R RIR A P E T AR
RIREH p R FHIVEALLZE 100 °C F1 20 MPa 19 4%
PF R BRIFOREE 6 h; FrRE 8 R R RS
SRR R 4 h. AR R E RS it
15, Lhit gt bt A 1.

5) B E. IS EIB R 1 g/m?, R
HEAE 5 emxJBJE 2 cm BB RES, B 5 XHEE
v 22 THT R AT WA T 25 B3 6 o0, LAt A2 4 R 3

2.3 e

K T4 FE 28] Sigma 300 B HL T A0S
(SEM) RAF 2 4l 5 AR MR 2 A0 A8 52 & 4
B TEOUTE S5, A i 3T v e 181 7E A i 6
WEEAT R A 90 s, ML RN 3—15 kV. T HEA
ST BRGE L, R FH B i HotDisk 28 #] TPS2500S
TP B3 A A S i A AR T 3 el el
FH 5465 BURBE LR, FrilliAA 28 2 & 0 R
P EAR 5 emxJEE 2 cm Y RIAATEHA. R
748 [ B 3500 Sirius 22/ AL (DSC) Ml
TRURE A R R 28 T AR A TR, IR BE Y S —20—
100 °C, FHE /FFEREFE R 5 C/min, ZTA
. R A S AR A PR F] BPS-100CA
TP YL P SR AR TR S B TR A RIS R A A
ZER (25 °C) INFAE 80 °C FFARE 10 min, FEFRED
210 °C FHHHF 10 min, HEEFRXECH 100 K.

2.4 HEER

K FHBE BL 3 W% B (random sequential
adsorption, RSA) B E A4 T #HAE & A MR

X MR BUFAIT (representative volume element,
RVE) #8, anf&] 2 fron. il A FROGEB T A
AR B FPRH MG S AR, A AL BE AL, kAT
IR bez: 1) FG AHLN 7454 ; 2) PCMC
BT 2 YRp S W 45 45Ky b, B Z 18] 58 562555
3) PCMC s A bkl BAPERITT.

AR SRRV ERLA PCMCH:Ak

LI FHE

Kl 2 Z YRk AL P B BB BEAH 2 2 & B K RVE R
N B IR

Fig. 2. Schematic diagram of the RVE model for multidi-
mensional carbon-based thermally enhanced microcapsule

phase change composite.
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Fig. 3. Scanning electron micrograph of multidimensional carbon-based thermally enhanced microcapsule phase change composite:
(a) PCMC; (b) FG skeleton structure; (c) PCF-doped phase change composite.
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Fig. 4. DSC curves of phase change composites with differ-
ent PCMC contents.
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Xie T PCMC B XA U, mid &) PCMC i
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X A 0.887 W/ (m-K), X & THi#%E PCMC
R MFEAR, FG Al PCF 723K B #it 1 T £
Ak B T I L, TR T R C e G, BRI
TAHAEE SRR X, 60T AR S MARE R /A
o F )R] 1 S ]

R T AERRE AR AR RS (B 2 1A U fe P48
XA PCMC & R ARAS S -G AR it i AR g
PP HLARS. 455R W, Sample 5 (70% PCMC) 1)
AH 4 81.282 J/g, #H Lt Sample 14 (90% PCMC)

R 20.6%, 1H: X T 50.1%, R L H
A o AR (R G e S A A RE ). R,
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é ample 4100 g
< 07} &
3 s
T .
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= 0.6
0.5 0
70 80 90
AR TE &/ %%

Kl 5 ORIA PCMC & &4 52 4 bRk #ub: g
Fig. 5. Thermal performance of phase change composites
with different PCMC contents.

3.3 PCF XL E &t BRI

T #E5E PCF WU AR AL 525 b BHA M BE
R, XF % PCF FIR & PCF 1Y 2 4k i L 3 44
WS U AR AR S MOREET T X I AH (525
WM, a3k 2 Fios. 4553E3R W, Sample 5 (844 5%
PCF) i X & 5T Sample 15(AK452% PCF), 7}
T 153.4%, UK H 2 4 3380 6 R B 24 B %
WS T AR S A AR SRR, R s B
RIZE I CEREIN K, AR Sample 5 (1 AH (81.282 J/g)
5§ Sample 15 (80.241 J/g) FHA—5, 5| A PCF
AT R AR TR B X it R R 1 S AR .

# 2 & PCF 5K% PCF MR AR APERE HL AL
Table 2.  Comparison of thermal performance between

PCF-containing and PCF-free phase change composites.

Sample PCF/% A/(Wm LK) AH/(J-gt)
5 5 0.887 81.282
15 0 0.350 80.241

it —4Es PCF MARAE & ARG R
RS HLEE, SRk T % PCF fIk % PCF W £
A I T PRI R U BE AR 2 B KL RVE 527,
BT A BRIT R I AT AL AU BT, 1 6(a), (b)
i RVE AR BERE B 434 . Bl 6(c) s, PCF
TEARAS B A MR IE R T —4E Sk 12, 5 FG #2
PR 2 S G I A B AC 4, PRI T 24t
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Fig. 6. Finite element analysis of thermal conductivity for multidimensional carbon-based thermally enhanced microcapsule phase
change composites: (a) Temperature distribution of RVE with PCF; (b) temperature distribution of RVE without PCF; (c) heat
flux distribution of RVE with PCF; (d) heat flux distribution of RVE without PCF.
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Abstract

In order to meet the requirements for both high thermal conductivity and large latent heat storage and
release of thermal management materials for spacecraft, a multidimensional carbon-based, thermally enhanced
microencapsulated phase change composite is prepared by using a hot-pressing technique in this work. This
method solves the limitations of traditional phase change materials, which suffer from low thermal conductivity
and a propensity for liquid leakage. The effects of different content values and ratios of microencapsulated phase
change materials, flake graphite, and pitch-based carbon fibers on the composite’s thermal properties,
specifically thermal conductivity and latent heat are systematically investigated by integrating experimental
assessments with finite element numerical simulations. Furthermore, the mechanism for forming an internal
multidimensional heat conduction network is elucidated.

These results indicate that introducing multidimensional thermally conductive materials into the
microencapsulated phase change system, can establish a continuous and dense multidimensional carbon-based
conduction network through optimizing component composition and structure. Using the synergistic effects of
these conductive materials and a multi-size flake graphite filling strategy, the overall thermal conductivity of
the composite is significantly enhanced, reaching 1.021 W/(m-K), while maintaining a high latent heat of
81.540 J/g. These findings provide theoretical and practical guidance for optimizing and applying advanced

thermal management materials to spacecraft.

Keywords: spacecraft thermal management, microcapsule phase change composite materials, multidimensional

carbon-based network, synergistic thermal enhancement
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