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Abstract: Mesoporous silica is widely regarded as an ideal porous carrier for fabricating high—performance shape
stabilized phase change materials. However, current research is still constrained by issues such as low thermal
energy quality, low energy density, and poorly understood mechanisms for regulating thermal performance. In this
study, various mesoporous silica supports with distinct pore morphologies were employed, including MCM-41,
SBA-15, SBA-16, and MSNs. Medium—temperature shape stabilized composite phase change materials, based on
LiNO,-NaNO, eutectic salt, were synthesized via the melt impregnation method, followed by a systematic
experimental investigation of their thermophysical properties. The results show that the composites exhibit
exceptional structural stability, even at high salt loadings of 80~90 wt%. Notably, the phase change latent heats of
the LiNO,-NaNO,/SBA-15 and LiNO,—~NaNO,/MSNs composites reach 227.02 J/g and 190.37 J/g, respectively.
Their thermal conductivities are enhanced by up to 6.41% and 36.14% compared to the pristine eutectic salt.
Furthermore, the thermal storage performance degrades by less than 3% after 100 thermal cycles and 100 hours of
isothermal melting. Further research revealed that, due to the mesoporous confinement effect, the LiINO,~NaNO,/
SBA-15 and LiNO,-NaNO,/MSNs composite media can undergo melting and solidification processes at lower
temperatures. Additionally, the incorporation of MCM-41 significantly improves the solid-state specific heat

capacity of the pure salt, achieving a maximum increase of 12.08%.

Keywords: mesoporous silica; phase change thermal storage; thermal conductivity; phase change characteristics;

confinement effect

T BB RE DY B AT il RE 2 s IEL B B/ L
AEEAR VL e R GEBR T B A, B2 T R I F
TORBHBE A ™ Tall A5 A SRR PR 5 1 ™ S T A4
REVRTH AN U P o BRI, 4% 8 Tk B BE B AV
AT A S A A R LA S BRIl R,
W T I 25 A A A AN 2 o MR
ST Xk i BTSN B R — 2 B T R A A
PAYZEEE R o N TR UR L A P B VS B A
BT, AU RO R T AR A PR A
Syt AR 70 1 A DR i R E AR T TR R G
WA LI 20 B O WA BERORIT R T

B AT AR

AL AR A AR ST M AR A LR A A8 A R Y
W FfFBE 7 AT S 1) L2 TP T DA A R AT Y AR AR
ZEVE B OR AR AS A B BAR ) B R R Ak 2 T,
Kadoono %543 5l 3 U T AL — F ALk A1 A 5 A AL
TRAE R AR, LRR 7 R Sk A 722 i A4 L, ST 56 0
RIIZE A M BHE TS A 5 R f vhon] DL
I R AR M RUR IR RS . Mitran 55758
K AR T A 2 A W) LB 45 A AL AR 43 A A A
LA A RE A A5 20 5 AT O S AR AR A o B 40
(80~83 wi% ) FIAHAZ KE (H (fe g 15 124 J/g) At 2
RUM AR it b B, Wang S8 5% 11 T —Fp BA
far b 2 T BRI 4 2 A FLA5 R B BRERCIR A FL AR



5 XX

www.hgxb.com.cn c 3

REBK, Il ok B IR R R & R T AL
B, BFFR S RFR W] I A MR A 2500 3805
K 71.6 wt% , AHAE IR T 3K 151.54 J/g, I H 5 4l 2R
O AT Ve BE AR T 15%. A, Goitandia
FE A T AL R AR S A Z AL R Rk
2 I A Rk EE L RN ) X A I Y 3R RO S
5 ) 8 Az A AL AR A Tk T LA AR5 R AR A
MRS M. BRI, 256 SOk & 3, M Bl RHA
FR A it P A PR A TR DX AT i/ e A
R GR 8 A ) 1, T 2 T I M RETE B R A
TS i PR I 4 S ) AR AR L PR L R 5 T
B R R i A A R DA S IR SRR BB 1Y 28 1

Ty —J5 I, B P AL A RE LB R A
2~50 nm Z [i1] , FLE PN 45 1) 44 K BRI ALN; 2% 1 3 5
e B R BRI 3 Ay v P B A B A B
RE T 5 TR ok T IR Pk . 41 Nomura
SEMERIEE TR e A AR A T A IR R A L
SEALRE PR A5 75 21 B A AR AR A X R
TSI G . ARR], AR R A R R EIT
8T RIS W A, OF EL B % L AR 80/ 0 28 1o AR
T, AL AR v PR S A T AR . Wang 35 R
T T BR BRAR XoF A TR A A A At B R A A A AT
RS . RS B R R T LS A
W AR AR S R T R S A S T A A S ALY IR
TR, T 3 WA 6 MR PR B 1 DR s il
Zhang %" % JH1 43 8l 03 2E B0 J5 6 L b
MCM—-41 4L FR 50 RUAHAZ B4R TF RIS, K B 4%
PRFLAR R AR A BT 67 4R BK , 55 A0 JBE A 945 AL
AR LR B o 3 o B ) S S
A 25 A, Mao 55" 5% K B0 AH 28 A Jo3 58 [ 1k
A FLEAMAR R Z ] S AR MR OC & |, HLRfAL
TR, B [ A% 7 =X R ) AR U i R
SRR A 5 A e g R . AR H AT,
Z BR AN [ RHMA 2 1) B G 22 5, 9 R LB
B I8 1) 52 M ML AT ¥ LA e o 00 A1 ke, s
1o S0 FRAE PR FE A FLBR I B AH AR AR AT
] Sy B P TE R HE SRR SE bRV 2 ik b 2L
AR AR Al 5 S e =

ARTFFEHE T MCM-41 . SBA-15 . SBA-16 Filfr fL
T AR BE 95 K BR (Mesoporous Silica Nanoparticles,
MSNs) 25 A [m] LB 35 1) AL — ARk >R BT i
Fb 49:51 B fiF 12 B RIS 1 s ok s Sy S 50 AH AZ A
JoT 3 g e R TR A T AR AL AR R

RUAR AL At OB} o TE G B b, AR B S 1 45 00
I X S AT S R B AR R 2T AN AR AR T 5
DA A S BRI RAGSE 15 A A Ak, S i
ZER A i A O TN S 5 SO i 22 B i
AR B A, % 5 AR RE AL PERE LA K AT SE P R TT
SLER I

1 PR & SR AR

1.1 #H@mEE

T SRk K W i 45 LiNO, A1 NaNO, — oot
mmEk o B LiNO, A1 NaNO, #y RO EE J , & T 120°CF
HEMT 12 h IsE ik, Bl , % 8 49:51 /9 )i
LRI R R IR T R s oKk B
WHOMAGE T IR B sy, F250°C R 1E R
JERL A h IB IR 35 MR ARR I EER
J& PR BS ARy, % B TR R AR A . ARt
fith b, FF— 25 s R BT I A T AN R A FL R A
B RUARAR R AR AR BRI AR Q8] 1 R o 52
5 W 43 51 MCM-41,SBA-15 . SBA-16 Fl MSNs 4%
AL B AR RS LINO,~NaNO, IR &0 B T 255
TR IFTE QO CRRRLehith . R R K 378 &
J& , Uk S A AR IR AT AR LT 20 /N . B
Jei | X T A AR AT AILARRIE IS | I L S gk A
L5 “C/min B FHEEEZE A ZE 300°C, @LE5 hi1
P 7 Ah L 0 i 2 e £k 78 40 R R B Lk iR
o R HE AR BUE A AR R AR RL . TS AR
I3 94 44 4 SaltyMCM~41 ,Salt/SBA-15 . Salt/SBA-16
F1SaltMSNs. A, &AM RFAH AR A i 1 0%
o AR A 5 A FLE AR A W0 46 T I L, 0
AR PR,

w = Mo (1)
Moo + My

me

A m A, 3R SR A I ER AL
AR R
1.2 MRERAETS X

K Fl JEM-2100Flash % 3% 5t f1 F @ % 4%
(Transmission Electron Microscope, TEM) Fl ASAP
2460 74 Z v i 24z F gl Ho 3 i AR5 LB 23 B
A, S g FRAE AT FL A AR A 1 AL BR 25 F AL
K H D8 Advance %I X 528477 4§ 4% (X—ray Diffraction,
XRD )Xt SR A S BEATHIAH 34 o FH] TR Tracer 100
YA B 21 4F 5 3% A (Fourier Transform Infrared
Spectroscopy, FT-IR) 7387 T #E b I Bl 71« R A




XX

0o

& e
“eg ®
©g0®

LiNO,-NaNO, it

)

TR

BEXE

ey

FiEiE S

ERARIERE

BT A fLFR S 10 PR A it b ekl i s R

Fig. 1 Schematic of the preparation process for shape—stabilized medium—temperature phase change materials with mesoporous

confinement
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Fig. 2 TEM images of four types of mesoporous silica used in the experiment
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Fig. 3  Characterization of pore structure in mesoporous silica samples
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Table 1 Pore structure parameters of the mesoporous

silica samples

- HRERmY LA &AL FRLE
K 3
g (em’/g) (nm) (nm)
MCM-41 1054.64 0.95 2.71 2.86
SBA-15 489.66 1.31 7.28 8.23
SBA-16 690.88 0.58 4.08 3.46
MSNs 234.44 0.90 15.58/35.57 17.60
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Fig. 4 Images of the shape stability test for composite phase change materials
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Fig. 5 XRD patterns and FT-IR spectra of pure molten salt and its composite phase change materials
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Fig. 6 DSC curves of pure salt and its composite phase change thermal storage materials
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Fig. 7 Comparison of phase change latent heat and thermal storage performance of shape—stabilized mesoporous confined phase

change thermal storage materials'®***!
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Table 2 Phase change temperature and latent heat of pure molten salt and its composite phase change materials
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WERT (C TR/ HE S T,(°C) HERT (/)
LiNO,-NaNO, - 194.03 271.58 185.26 268.51
Salt/MCM-41 80 194.11 160.23 192.2 158.43
Salt/SBA-15 90 165.45/193.52 226.73 152.35/188.44 227.02
Salt/SBA-16 80 193.94 171.31 194.5 171.95
Salt/MSNs 80 182.05/193.74 190.37 178.50/187.85 187.05
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