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Abstract

This study systematically compared the performance differences between paraffin/epoxy resin
composites (Epoxy Resin-Phase Change Material, EP-PCM) and shape-stabilized phase change ma-
terials (SSPCM), confirming the significant enhancement of thermal stability and chemical re-
sistance achieved through the epoxy resin encapsulation strategy. The EP-PCM demonstrated an
average particle size of 57.0 um, substantially larger than SSPCM’s 0.468 pm, with its specific surface
areareduced to 124.32 cm?/g. However, its thermal conductivity increased to 0.34 W/(m-K), repre-
senting a 126% improvement over SSPCM’s 0.15 W/(m-K). Thermal stability tests revealed that EP-
PCM exhibited a mass loss rate of only 2.23% after 30 thermal cycles, significantly lower than
SSPCM'’s 9.4%. The initial decomposition temperature of EP-PCM was elevated from 194°C to 220°C,
indicating enhanced thermal resistance. Chemical tolerance analysis demonstrated that EP-PCM
achieved cumulative mass loss rates of 12.7% in acidic environments and 5.4% in alkaline environ-
ments, reflecting its robust chemical stability under these conditions. However, in alcohol media,
due to the dissolution of paraffin, the latent heat value showed a significant decrease of 25%. Stud-
ies have shown that epoxy resin can effectively suppress the leakage of phase change materials
through the synergistic effect of physical coating and chemical cross-linking, especially in acidic and
alkaline environments where it is relatively stable. However, further optimization is needed to ad-
dress the issue of performance degradation in alcohol solvent environments.
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HAERPEHE i RE 5 AE BEOUIE 225, (BRI OGP 8 k22 e J T P S5 R ) i 1]- (3]
AR R 5 B s A R R, MU B AEAR 70 B AL v B, HAR RG24 5 1 e 225 2
o BLAh, B APRMERRBRIAE h o) K A AT, U AE T RS B A A A R [4]- (6] FRIEA R
IREREL i, BVEIMR S A SR AL, TR 1 2 5l Rk AR S 4R AR SE . Juitt, /R IE R
R . ZILBARE & R IREERT I BARE L[ 7]-[9] -

EURT, ZFh&5H0 i R 400 3534 4048 #4 #}(Phase Change Material, PCM) CL 4 T & F T il 745 A0 1430
B, FEOEPIRBEE R 2 AL R M = 4 2% S R B RS [10] . o, Rl A i 2
s PCM BLETHEMMG5EH, ATA RS kit EF AR IERA IR TR E V. 2 FLERA IR B 25
KK Biod s AL 513 PCM Ja DA SR G — IR E[11], 1 Ani AR B 36 Kk &k Ja 20 S8 i 7
BORE S22, 22 RAEIA R » IERBURFRAIAERF BRI, ABL 1 P05 B BOAR AR AR B 24 I [12]
BEAh, RN AIEOR 13]. SR [ 14] K 12 (1558 T BorTtt — A R g . HRT, ARAR
IR BRSO AT W 5 25 P, R A A 7 B/ N KA AR B 450, B R PS80 Ml AR A AL AR
AT LR S T RS R B 2, (HLE I 8 05 3 A1) 6 1) 28 7 e o I RE T FROBCIR B BRR 254, X
B[RS R 1 IZADRHE 7 B INBURLAR SRR N 5 5 A48
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A FE RG LI, XFH AT T A AR IR &2 544 KL Epoxy Resin-Phase Change Material,
EP-PCM) 5 7 i/ — S8 ALk & & 125 #1 Bl (Shape-Stabilized Phase Change Material, SSPCM)f{ 1 GERFAE . K
H#E ST ZRAMEREFEINATR, B8 T HAMEIAGREEZR . R, @SR A
FUEFRIEL, JHRE T 2 AMNRIESER, RV T EP-PCM fEAN LA 5 1 32 12 e .

2. SSPCM 5 EP-PCM Rt EEXTEL

TEAR NATHATE SR 16], SR AR 45 A A7 S 40 4 B892 4 EP-PCML. B S0 o o/ i i it
TR BUEE N i (Mesoporous Silica, SiO2)Z fLE LN HR, TEHL SSPCM H1[alfE. BE/5H SSPCM 43
BT IR s/ TR R R, 38 2 B K S A B IR U IR TE SSPCM. IR R A BN H . B )5
Ze[E A B AT, K13 EP-PCM.

N AR GEVEAL IR G 3 0 FHAE AR BE ) BB R, AT TIE AL EP-PCM. FI SSPCM. 34T X L 43
Mro H RSP EER AL FHERE . ARSI KA IAT A S RSN Z R, DU IE S g 4%
TE Y B AR e M 7 TH AR 55

2.1. FESREFERTEE
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Figure 1. Characterization by optical microscope. (a) EP-PCM characterization [16]; (b) SSPCM characterization
1. XFEMBERIE. (a) EP-PCM KAE[16]; (b) SSPCM FKAE

AW TR I e B AR EE /T T SSPCM Rl EP-PCM (MO T SRAIE, BB oian &l 1 fos. 3L
 SSPCM RN ARHDOGHT « TLGIHMTHHR B UL, 145 58 T AR JR AR BR IR, A Rl
W ST TR AL, TR ORI 73 #kH . EP-PCM. U2 B AR 58 E0 AN LU R, 3 T T O 488 )UK 3 E B 4
WHERER, BA G EUR IR PR 0 R L X . PIA AR 45K 22 57 .2, SSPCM k5 — 41k
TR A B PRI P iR IR SRS EE, T EP-PCM 3l Ak 2 7 SEBUW L ORI . X FD IR S i R B S5 # A
(BRGNS, H AR T BUR 20 J2 S RE A RT L AR A AR -

2.2. RN

AW ELRAZE DT T SSPCM Al EP-PCM P FFAH SR BR R . N 1 dil LRI,
SSPCM E. A 0.468 um FIE/NTFHIFIEF 379.44 cm¥g WKL REA, XFRER RT3 &L S/
AR . A 2 AT LRI, EP-PCM HI T EM IR OEIEH, TIRAAREKE 57.0 um, HR TR
2 124.32 cm¥/g. X2 7 F 2R T EMWIREE & 2 T 5 E B HI R IR . B4R EP-PCM L3R T
RN, AR ORI RORE RS OISR IR A8 BRI 28 52 - 1 AR B U R A AR e v, [ E & R 2
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Table 1. SSPCM particle size distribution
% 1. SSPCM K 1ESR

T M E(g) R TR (cm?¥/g) TR (um)
SSPCM-1 3.4001 380.18 0.464
SSPCM-2 3.4004 379.23 0.469
SSPCM-3 3.4030 378.92 0.471

FEIMAE 3.4012 379.44 0.468

Table 2. Particle Size Distribution of EP-PCM
% 2. EP-PCM fE D fIER

45 M HE(g) bb R A (cm?¥/g) SERIRLAR (um)
EP-PCM-1 0.8501 125.31 56.3
EP-PCM-2 0.8502 123.55 57.6
EP-PCM-3 0.8504 124.11 57.1

A 0.8502 124.32 57.0

23. SRABILE

EP-PCM

o
o
a

K
=
w
S

o
)
31

o
Do
=)

SSPCM

=
—_
o

Thermal conductivity (W/m'K)
° s
=

o
o
&

e
o
S

Sample

Figure 2. Comparison of thermal conductivity between EP-PCM and SSPCM
[ 2. EP-PCM 5 SSPCM S#FRHxfLLE

AHE IO EE A T SSPCM # EP-PCM I 8 pe 22 5 . MINRZE SR W& 2 fros. Horb, SSPCM ()&
WEECHN 015 W/(mK), HETAAEART N, XEEZRT Sio, BALK FHAERE. 1 EP-PCM )%
MAEITHE 034 W/(mK), XG5 THARRRIMAN: —J5ii, AR F Rt mgs &6 s v
HEMEIAIMI L SR SH— T, oA AR T AR ERL RSB, sk TR S AR
B, TERCT SRS 3L Sl IE . X — S5 53R, PR IR a8 AR T RN R, 408
RO T T ik 303

2.4. EFRREMXIEE

AWFFET 30 IRPEFRIRA HL T EP-PCM 1 SSPCM [ Fa et . Seob st anl&l 3 fim. %45 5%
M, SSPCM M THkZ 2Ry, EMRALFEF AT 50 E AT, S39.4 wt% 5 &7
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%Ko T EP-PCM i T AW TR IS B3 M, (B 2.23 wveff ik, el it B 25 (et
IIEAFENE . IXP 22 57 T B T30 5 (OO CRIP LR — 5 THDE I AL 2 S R 5 S T 45 5 70, A
5 T ) B B AT A PR A W R AR R

MARLFE AR 0.01 mg AR EAT = IRE R AR, ik 78R AT Fert . W Ras RUESE, S
LA BE 2 R T AR IR L RE, 5 BB AT R JLAE 2 U AR A I ARE T, DA AR R
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Figure 3. Mass change curves of EP-PCM and SSPCM after 30 cycles
B 3. f8%F 30 JRfE EP-PCM 5 SSPCM KR 2T L #hZk [

25. EiRTREMRILL

AHEFLE IS AE A>T T EP-PCM Fll SSPCM e e 22 57 . ok TGA IiZR &l 4 Fiom. 23k
PR W] EP-PCM R I H P B B it 72 : 56 — B BRAE 275 CONA ISR, 12K 20%; 25 M B 7E 410°C
NINEM R, BER 70%, SR 9%1) Si0, [16]. #HLLZ T, SSPCM 7E 286.97°C 2 I HEFH
Bt oy fife, Hooy i 26 B AR T EP-PCM,  H7EAH [R1IE R [X 8] P 205 40 2R 08 80%, AN TR B 5%[1)
Si0y, 7N HH A ZE (i FA ik R
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Figure 4. Thermogravimetric analysis curve. (a) EP-PCM [16]; (b) SSPCM
Bl 4. JEDHEIZ. (a) EP-PCM [16]; (b) SSPCM
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XTEG I 4(a) R 4(b)nT UK IR, PRAECR IR L7 S04 IS BRI AR HE R IR S M 194 CHEFH 22 220°C, R
BT MR IR E R . X PR T 32 B 25 TR SR R TR R =42 SR — T TH G ) B A 7 P R A
W, Sy T A A e B 4 T 1AIVE B 1. WEFCAESE, EP-PCM [ XS AR AL 4 I 7 iR 3k
BRBATEN R R AR R RE 71, AR AR RHE iR B F 3 b T SRR AL T S AR

3. MTRPHZME S

B )5 i) EP-PCM A FLAE A RS E I, AEAHARUR A S e Bt — s S F AN L. SR T AE S B B2
L, BPRERTRET I 22 M AL 2 PR BT IR B s, IR EIABE PR 3K 2 FL R A ARV REAN 8 I 75 i

HNARGEVHE EP-PCM FESZBR L0 F B AT SENE, AHF AT e T A 5 e M it 38 I A 400 B 2R P il &%
ANV, B 5 GEAPRHE R A B P PR REASAL I DL A4S RO Oy EP-PCM fE RIS ik R 4t
o ) AR S AR BEOC B B S RE, RN A BHEC 7 B — ARG HR W T 17l

3.1. LR

EFXHIREE EP-PCM RIH KR SR IE R, AT 30+ ke 2 2R R Y (sodium
dodecyl benzene sulfonate, SDBS) IR AL FRHE o 18I A VR -GV AN 5 wit% ) SDBS, FIFHH B3R5+
SERIREIA B KR 2 PR TH REARE, (RfFIRVRS EP-PCM R 787> #efih . AHTE R R G I SEI AR TT
R SZVEVEAS, FARGFEIYA P TR, (1) BT 22 R AT Lo 58, amd o &~y 8 e kG
T TR AV rh %% A5 R BT B U AR B2, [ B 255 RV ot < T AR AR AR AL IR i R 3R . S 2 10wt % )
BRIV, 10 wt% R E A NAETRN 95% RV E MR (2) AEMHIRAFAT PR VARICH], B JanEnf
BN BB FIKMEIERIZERT, AR5 E R MARIE TR, R 518 1V SR A 28 W BEZZIZ TN,
TR SR BRI SHIR G T SRR 3y, TR E & bR R e 2%, JRIA AN AL 38 J5 AT HET
(3) KHNRMEHATREM AL H, Rk 58 2R T IR P R B TR T, W& 3/6/9/12/15 REA
BUREIN 8] A5, BROCDURE S AR UGEEAT pHL Y SRS A TE DA B TR AL B RS, i ORalRE R i Vi
(4) WPACFS FRE LT e 2 AERE PRI, BT A B . IR AR IR 45 40 58 BE ML PG 45 45 & 3RALE -

3.2. BRBERTH 1 4

AWFEXT EP-PCM MRHE = Fp SR 2 5T b (107 8 AT kAT T RGN S0t #r, Bkl
B s pR. SRERBIERE, fE 15 RANZIEFMIN, DR TSI 0S80 2 008 B R %
Fo Hrp, ZERESS B RER AR, EE 17.2%, BERIREEIXZ, N 12.7%, SEMHHEE T
JREMKERAK, H 5.4%.

B2 SRR, BT A A SR R B SR O B B R A, R R B B S
JE TR Y B . ANFI R IR AN ) S HAEE— € X Bl . TEVIIR R I B AT 3 K, R
B A B R E R, HH B EURE RN 5%, BiFRERKEE] 15%. MERAEKZ, HEHK
K 3.8%, BRIUHEAN 11.4%. DEMNAREENEF, HHELERN 1.03%, RIFHEN3.1%.

AR S 4 REH 15 K, =M IR g R G BT, Hd QB H gk E
£ 0.025%, R EMNAEIIE R L) 0.11%. MR, LEERE TG IRENRFFEE T REEs,
T RPN 15 I 190 0 2 0 T AR X R IR

TR, XM AR E AR AU S S B SR AR AR R . SRV N AN, 4R
N PR R IB B RMALSE M, A4 5y, SRR ER K. MR AR S FiEd R
A M R S T B AS BRI 2%, (R R T2 58 79 BUs R MR, JRME X218 . AAE 3 2E
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Figure 5. The effect of acid soaking time on the quality of EP-PCM. (a) Acid soaking quality change chart; (b) Alkali soaking
quality change chart; (c) Alcohol soaking quality change chart

5. BIRIBESEXS EP-PCM REMFIN. () BRIZERELTNHE; (b) BRERELTRE; (o BRBRELLE

(1) M7

AWFFEXT EP-PCM M BHEAS [FAG A St AR HE 5 1 e i T B AT 1 RGN, BRI 6 fir
TN BRACTRFE S RIS 0 BT EAR, R B R IR F] 19.99 wt%, &I ] U5 &AL 2 730 N
19.96 wt%-+ 18.89 wt%- 15.73 wt%-. 19.08 wt%Al 19.67 wt%, ZEALIEE M 15.73 wt% ] 19.96 wt%. HlAb
RRE SRR SRR R E R, RO ETRARFN 11.24 wi%, S0 8 SR ETEN 10.52 wt%. 9.25
wt%- 10.81 wt%. 10.39 wt%Hl 11.24 wt%, BALIRES T T 9.25 wi% 2 11.24 wt% Z [A] . BEALBRAE i Ko
BIVREN 5.36 wt¥%, 50T S E R D58 4.34 wt¥%. 3.62 wt%- 4.98 wt%. 4.51 wt%F1 5.36 wt%,
AR FEAEFFLE 3.62 wi% % 5.36 wt% G N . SLIRHRR M, =Mk ZB % 4F ~ EP-PCM MR i &
Pk RO BB 22 R IRACERFE S > BRAGERRE M, > BEACERFES . [FBS, SR s Mo A
TN, BRALFERE S 2 I K IR B TE (A = 4.23 wt%), BRALFREE IR Z (A =1.99 wt%), 1] FEALBRAE
AR AR B (A = 1.74 wt%) o X Fh 72 A () B AR AURFIER B, AN [E 4G 22 A0 3R 26 444 EP-PCM A4
(1 =i AR e R R

—E—F-72h
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Figure 6. Changes in thermal mass loss after EP-PCM acid soaking. (a) Heat loss change chart after acid soaking; (b) Heat
loss change chart after alkali soaking; (c) Heat loss change chart after alcohol soaking

6. EP-PCM BZBREAREBMATZNIFT R (2) BRIZBEAIRKTLE; (b) BRBERREENLE; (o BRE
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A FiAE R~ | EP-PCM TEAN A4 5 Ab B 5 S dm IR AT 9 SR A . NTEIRALER 34, ERAGBEAE i
(1 e Yt o T LU T AR R A A R R BRI R 1k, T EGH L DA, T it i T A
WENTH[17]0 AHELZ TR, BRACFRRE i R AU BN 7E R T AR U AL BRI 2, A RRPERE T P 3B I 1138
o TEEACEAE SR IH BRI &, X2 T L8 CERT A HE M BUA R 730 AR 1A S 4y,
Tl A (00 A et LA B v R 4 o P R R P o TR AR MR IR 22 SR R S, AN [R) R A 2 b B A% PR AR R e
PERA A 1E AL .

(2) I JE ¥ HARA S BT

A FEN Z R ERIE RS T A FRIGIE AT EP-PCM FRAMERRRHE, BkfEoianls 7 pr
o ZEIE SR, RACFEES AR RAN 46.16 /g, TR Wl EEACFE S ORE 20 952 42.92 J/g.
43.61 J/g 1 34.62 J/g, HABEAERFE P TERERARE . ZIRER T AT/ B EP-PCM ]
VE RN BAREAR T2 7
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Figure 7. DSC curve of EP-PCM after 15 days of acid soaking. (a) DSC curve after acid soaking; (b) DSC curve after alkali
soaking; (c) DSC curve after alcohol soaking

& 7. B2iRiB 15 XfE EP-PCM K DSC Hi%k. (a) BRIRiR/E DSC BhZk[El; (b) BRIEE DSC HIZE; (o) BRREE
DSC HhZc[E

RNGHTR, SRR T, I ERVEPR 5342 ol 2 B (400 2R 38 43 SRR T b e 454
MAEN IRy . X SRR, SEREARASERE AT Ree i 1 8O B3 IR B B 45 M O RBA - NI
SN T BRI RER DL, BRAC N ARSI, R BB R T REIR TR S R e
Ay S D RAREAR, SEARASS R TR o XS5 R sREE T RE 5 & IR TP A RE A A T
BRSSO, BT R R AR AR RER I . T REAL B AR BEAR LA D, (H A7
TREEFIEEM AN A S, BRI R B RS H . SRR BUX IR, RIZILR A £
JRRIE T W QR o LW T BRI ME R, B S > TR A B g9 A AR, 2181 EP-PCM
WHERJE, BRI SRS, SECHE D TR J008Es . HEPIEREL. BEE IRV RN SRR B, A
WA AR, EP-PCM 27284k, E i A AR B35 R . 1XR B, EP-PCM fEBEEA i v 1t 52 14 B
WA BRI o X0 ZE AL R LR MRS 1 09 7 i B4 Ok 5 Bk RE SR R AT B IO R PER AR o e
FEREARERRE A, BN RSV S 1A AR A A R ) ELARIA

(3) 8 &R T SSPCM FERRHREL IV HIZI = K5 IR E O . SEIREE SRR W], RRVE MBI v
WERIEE B EAREN, 7300 43%F 3.7%, X EZFETHEBAEH SEEMEEERIR .. bz
T, CEEREJE I RRBIRIEE] 15.7%, RUIM BB 2 L8 % . @il 5 EP-PCM HI#E XS E b
KHL: EP-PCM FERRYEMBE o AR A AL 32 ZLR R IR R 3B, moBs ik A4 0 32 22 SR IR AT R AE
BB R TRZ INAAE— ERERE bl 1 B2 R8 . SSPCM AT EP-PCM Rl &34 77 ) R B HY B 2 ) A
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Figure 8. Mass change chart of SSPCM after soaking in different solutions for 3 days
& 8. NEIF&FRE3 RfE SSPCM MIFREXEILE

4. BL

KT RGN L 7 IR E MG B AR AR R EP-PCM 5§ LI E A AZFRE SSPCM . #4544 5 P Ag
ZEF . M WM M SRR, SSPCM B IR G B8 A BTk, T EP-PCM U2 I AR 28 4 AN J I 5
Wi, RAWENHREREEEZ. RAESIERY, EP-PCM [JF¥IRIE 57.0 um 223 KT SSPCM 1)
0.468 pum, X F AR T H U T 51 6 00 0K ] S %08 . ZEFAEBE 7 T, EP-PCM I HH BEAR 7 1 S 3 &R
47 0.34 WmK FIfEHFRE M, 30 I G 2.23% I EHi%, B R T SSPCM ] 0.15 W/mK T #5134
1 9.4% M B K . Nidk— L PPAh EP-PCM BISEFRS I PERE, A Fi %558 1 FLAE BRBRER 5T b (i 52 1
SEIGEE IR, 7515 RIZIEFA NN, EP-PCM 7EMRIR . S AR A5 b 1 Rt 408 200N
12.7% 54%F1 17.2%. {EIHERMZ, BIREEALE 3 EN RSB R R, (HRR IR AR R B 52
BN, AR 46.16 T/g BEZ 42.92 J/g. XK BUNFEAR EP-PCM £ /N [AIAk 22 PR 55 A 1) 2 3L
HIFR At T AR, AR AR R B R A T AR

EHEWH

X BRI F R & HFFIH (51406121).
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