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Abstract In this study, silica gel waste (SGW) was utilized to prepare porous silicon dioxide (PSD) as a carrier,
combined with capric acid-hexadecyl alcohol (DA-HD) as the base phase change material (PCM) , to develop the
composite PCM capric acid-hexadecyl alcohol/porous silicon dioxide (PSD-DA-HD). Expanded graphite (EG) was
introduced to enhance the thermal conductivity of the material. The thermal performance of the composite PCM was
evaluated using differential scanning calorimetry (DSC) , thermogravimetric analysis (TGA) , and thermal constant
analysis. The composite PCM was then blended with cement mortar to form phase change mortar, and its temperature

regulation capability was studied in simulated application experiments. The results indicate that DA-HD is physically
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encapsulated within the pores of PSD, achieving a loading capacity of 61.7%, with an enthalpy value of 105.6 J/g.

The PSD-DA-HD composite PCM demonstrates good shape stability. The introduction of expanded graphite
increased the thermal conductivity of the PSD/EG-DA-HD composite PCM to 0.9513 W+-m™-K™ but reduced its
loading capacity to 49.5%, with an enthalpy value of 88.1 J/g. Both PSD-DA-HD and PSD/EG-DA-HD exhibit a
maximum working temperature of 92.2 “C, ensuring thermal stability below this threshold. When PSD-DA-HD and
PSD/EG-DA-HD were mixed with cement mortar, the resulting phase change mortars displayed excellent heat storage
and temperature regulation properties. The phase change mortars C-PSD-DA-HD and C-PSD/EG-DA-HD maintained
stable temperatures for 12.7 and 6.7 min, respectively, within the temperature range of 18—32 °C. In the simulation
experiments, the phase change mortar containing PSD-DA-HD extended the temperature regulation duration by
267.92% compared to the control group without PCMs in the same temperature range.

Keywords Phase change material; Composite material; Silica gel waste; Temperature control; Phase change

mortar
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Scheme 1 Flow chart of preparing porous silicon dioxide from silica gel waste
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Fig. 1 SEM images of PSD(A), PSD/EG(B), PSD-DA-HD(C) and PSD/EG-DA-HD(D)
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Fig.3 Morphological stability diagrams of silica gel waste composite phase change material
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1
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Fig. 4 DSC curves of DA-HD, PSD-DA-HD and FH T E S A MR B A — N BETE A
PSD/EG-DA-HD PERE
B.

Table 1 Phase change properties of silica composite phase change materials

Melting Crystallizing
Sample 5 » 5 ) B R(%)
1,./C AR/ 1,./C AH /(g )

DA 30.7 170.9 25.4 170.3 —

HD 48.9 240.8 48.0 236.3 —

DA-HD 18.4 178.0 14.8 178.2 —
PSD-DA-HD 18.2 109.9 18.9 105.6 61.7
PSD/EG-DA-HD 26.0 88.1 26.2 85.1 49.5

24 EREMNEASHETHRBNMEEME
DA-HD, PSD, PSD-DA-HD #1 PSD/EG-DA-HD fy#fa @S 5L K 5 Mk 2. vl UL, PSD 7 K%

90 “CHI R, 1 200~600 “CYL R K Bl T ) —

g, MARHERAN10%. X—KEEEREH o

T AUALRE A TRV B0 K 5 S . S Tostage
DA-HD By E A4 R B oR, 7E K29 120 °C g 60 H weightlessness

Z i, DA-HD B 5 BB 05 i £ 24 58 2 5 (2 # % a0 LIS,

if 120 ‘CJm , DA-HD JF46 70 i, £ 29 300 CH = |

BB JLIIRJ2 . DA-HD i PO Ul SRR\

B T L T 2 bR 6 2 T L JEE o

Zigas, B S EE B E B4, Temperature/°C

BiJS EFI390 C/lrkfEEa TP, BRERZAN  Fig.5 TG curves of PSD, DA-HD, PSD-DA-HD and

94. 5%. PSD/EG-DA-HD

Table 2 TG data of silica composite phase change materials

Initial decomposition End decomposition
Sample Mass loss(%) PCM content(%) . .
temperature/ C temperature/ C
PSD 9.03 0 88.7 550.5
DA-HD 94.50 100.00 120.9 390.8
PSD-DA-HD 61.80 61.74 92.2 357.0
PSD/EG-DA-HD 58.60 57.49 92.2 366.2

X}F PSD-DA-HD 1 PSD/EG-DA-HD & 5 AHAR B, T 7E K2 90 “CZHiTREMS PR R 4 iy e
P X BHA ] TSR S 1/ 2K T R A S R AR D K AR BRI L. £E 90 CZ R TTIR
&, [A] DA-HD R M2k —#E, S-S HEMRHEL) 250 “CAaA 4 I T BUR E, 4391 357 #1366 “CHtt
SGERCTE . PIE R TR NN 61. T4% F157. 49%. (HA53 1 B 1S2, 713 T PSD #1 PSD/EG # Ak iy
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A 22 6] By B E A 345 DA-HD f 3R e A i AR e,
2.5 HEREMNE SHETHMERETHRIKRISHELE

AASFA R SR ER B (M) F1) T2 3, AL, DA-HD B E N 0. 1712 W/m-K. Joi /& PSD-DA-
HD if /2 PSD/EG-DA-HD A%} T Fr FH (AR ZE 44 8F DA-HD, FLSHPERR 2 IR T 113. 2% F1436. 4%.
RN, FI R4 2 G A AR MR T A AR T T HAS MBS SRR . ILAh, AR
M BAR AT i — AR T S AHAE AR S IR RE . AR5, SO K RV | 547 PSD-DA-HD Al PSD/
EG-DA-HD AR I A T T S HEREIR . T2 B, SR BT B2 R A AR RD 3K 4 T
A, B, B R B P A AR AP IR M BRI B LS AR 2 — . RN, SE AR,
FHARRD IR () A R BN P 5

Table 3 Thermal conductivity data of silica composite phase change materials

AM(W-m™-K™)
Sample
Runl Run2 Run3 Average
DA-HD 0.1734 0.1647 0.1756 0.1712
PSD-DA-HD 0.3585 0.3679 0.3685 0.3650
PSD/EG-DA-HD 0.9753 0.9445 0.9342 0.9513
Cement mortar 0.6352 0.6320 0.6286 0.6319
C-PSD-DA-HD 0.5949 0.5954 0.5978 0.5961
C-PSD/EG-DA-HD 0.7394 0.7377 0.7368 0.7380

2.6 MAERVRAITIRMERE

Rre i R R AR T, DISCPUR AT 00 . i 45 R 0 M 7 AR b3 Al B2 AR AR 1 2
IEE LA 6.

i ARSI TTESAT T ALK IR IR AL R AT B ARl . B, 455 AT IXEEE o
PRI T RIS HEA T BRI ST 3BT AT RI7 ) SRR A 7E 18~32 “CHRLBE Y il A IR R AT T F
I, HRBIES TR A AR, ARIERPIHA 28 e BRALAE 18~32 °C VI BN ANAERF T 3. 7 min,
BT A MR PR ARAS DI R B — R AL PR RE .

e e T R R M A7 S IR 0 PN PR I BE TR T ROCR (8 7). SB[ R LURE A 2R AR N

45 70 -
— Cement mortar — Blank group experiment
40 T C-PSD-DA-HD 60 - - Phase change group experiment
/% C-PSD/EG-DA-HD .
O 35 / O 50
B 30 = K5
§ é 40
g2 5 30
£ 20 g
g
1) & 20 |
= s
10
10
5 . 0
0 5 10 15 20 25 0 100 200 300 400 500 600
Time/min Time/min
Fig. 6 Temperature change curves of cement mortar Fig. 7 Temperature change curves of ambient
and phase change mortar temperature regulation experiment

Table 4 Temperature control duration of cement mortar and phase change mortar

Constant temperature duration/min

Sample Heating process Cooling process Total time
Cement mortar 1.45 2.25 3.7
C-PSD-DA-HD 6.73 5.97 12.7

C-PSD/EG-DA-HD 3.37 3.33 6.7
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18~32 “CHYIS A AP HAR I M RE AR , RZE 181 T3 5.

Table 5 Temperature control time of phase change mortar and blank control group

Time of temperature control at 18—32 °C/min
Sample

Heating process Cooling process Total time
Blank group experiment 53 5.3 10.6
Phase change group experiment 18.0 21.0 39.0

SEERE R R, E—MEIRN, 525 AXTRRAIA E, AHARRDI A AR G N S DR TR B ARk
P . 25 FIAAE 18~32 “CALREHESRE 10. 6 min, MMy A AHAERP I AR AS L0 R IET, 7T LATE 18~32°CH 4
F539 min. 38R AHAS L SC50 A £ 0T LA IR B A ETESE &, SRR AR IR AR I 2 IR B ke
T —EMER. S AdHLt, ERAR AR RIS T 267. 9%.

3 & i

e, DARAS SR AR B A oK, ST R RN TS EEAE S S5Ok}, i i TR A A AR A T
WAL )y A 2 FURRE A Fe ), 48 TAHASIREE o 18. 4 CH B AR m ARG (178. 0 J/g) B9 —JCAHZAE bF
b BEIS, DARERS AL A JFRE , 45 30 2 V5 e - B S 125 5 L) EL AT MERR L — 4k I 28 4544 1) — S8 Ak kA R 3
i, FEE 5 ARZAK A s e e RE s SR, B —JCHE A BRE BT PSD F1 PSD/EG M 45 4544 H .
25, PSD 1 PSD/EG X AHAS A L HA R AT AW B SCR , PSD-DA-HD kit Al 35 61. 7%, FH7AE
%44 105. 6 J/g, PSD/EG-DA-HD 17 25 i 1] 15 49. 5%, ARG M 88. 1 J/g. TEMFEEMERIZE R, PSD-DA-
HD F1 PSD/EG-DA-HD 0] ATE 92. 2 ‘CLA M &€ TAF. 5 PSD-DA-HD A EL, 51 A EG J5 ) PSD/EG-DA-HD
B REAT 9 3 0. 9513 Wem ™K. BfiJ5% PSD-DA-HD F1 PSD/EG-DA-HD 1 J8 K, 2351 5K |
IKFE A TR A TE A AR K IRRD I, SR )5 T T IR 375 TE A AR RD A S S B0 i . 538 /K e
WAL, 4 PSD-DA-HD /K JE b I A R £ 22 0. 5961 Wem'- K, 1% 47 PSD/EG-DA-HD 7K e
IR I Z BN 22 0. 7380 Wem' - K. P 3 HAT RAF IO iR 4%, C-PSD-DA-HD i1 C-PSD/
EG-DA-HD 7E 18~32 “CIEEJL FE N 43 5 vl 4k 45 12. 7F16. 7 min. 7N FHERSCEG b, A EL TG A1
SRR ZS (14, &4 PSD-DA-HD PRSP I 7E 18~32 CHEFF (s 8] AT B4 hin 267. 92%. 4 bRk, 7
JE I A S5 AR AR M R B A B 1 BB T 8B 35, o ] £ S (o U AH AR B SR IR BRI T 531
5y

F 412 & Rhttp: //'www.cjcu.jlu.edu.cn/CN/10.7503/cjcu20240372.

2 % x #t

[ 1] Ibanez M., Lazaro A., Zalba B., Cabeza L. F., Appl. Therm. Eng., 2005, 25, 1796—1807

[2] BentzD.P., Turpin R., Cem. Concr. Compos., 2007, 29, 527—532

[ 3] Pasupathy A., Velraj R., Seeniraj R., Renew. Sustain. Energy Rev., 2008, 12, 39—64

[ 4] Baetens R., Jelle B. P., Gustavsen A., Energy Build., 2010, 42, 1361—1368

[ 5] Khudhair A. M., Farid M. M., Energy Convers. Manag. , 2004, 45, 263—275

[ 6] SadineniS. B., Madala S., Boehm R. F., Renew. Sustain. Energy Rev., 2011, 15, 3617—3631

[7] Kuznik F., Virgone J., Johannes K., Renew. Energy, 2011, 36, 1458—1462

[ 81 Alawadhi E.M., Alqallaf H. J., Energy Convers. Manag. , 2011, 52, 2958—2964

[ 9] BehzadiS., Farid M. M., HVAC&R Res., 2011, 17, 366—376

[10] Milian Y. E., Ushak S., J. Sol-Gel Sci. Technol., 2020, 94, 67—79

[11] ZhuY., Liang S., Wang H., Zhang K., Jia X., Tian C., Zhou Y., Wang J., Energy Convers. Manage., 2016, 119, 151—162
[12] Rudd A. F., ASHRAE Trans., 1993, 99, pt 2

[13] Kuznik F., David D., Johannes K., Roux J. J., Renew. Sustain. Energy Rev., 2011, 15, 379—391

[14] Cabeza L. F., Castellon C., Nogues M., Medrano M., Leppers R., Zubillaga O., Energy Build., 2007, 39, 113—119
[15] MoS., MoB., WuF., JiaL., Chen Y., J. Sol-Gel Sci. Technol., 2021, 99, 220—229

[16] Cejkova J., Hanug J., Stépanek F., J. Colloid Interface Sci., 2010, 346, 352—360

Chem. J. Chinese Universities, 2025, 46(2), 20240372 20240372(8/9)



. P4 s Hg g R

I | I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?ii/k\.x

[17]
[18]
[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]
[27]

[28]
[29]
[30]
[31]
[32]

[33]
[34]

[35]
[36]

[37]

[38]

Min X., Fang M., Huang Z., Liu Y. G., Huang Y., Wen R., Qian T., Wu X., Sci. Rep., 2015, 5, 12964

Tang B., CuiJ., Wang Y., Jia C., Zhang S., Solar Energy, 2013, 97, 484—492

Tang F., Liu L., Alva G., Jia Y., Fang G., Solar Energy Mater. Solar Cells, 2017, 160, 1—6

Qian Y., Wei P., Jiang P., LiZ., Yan Y., Ji K., Deng W., Energy Convers. Manage, 2013, 76, 101—108

Williams J. D., Peterson G. P., Nanomaterials, 2021, 11(10), 2578

Anand A., Kant K., Shukla A., Chen C. R., Sharma A., Energies, 2021, 14, 4509

Sun K. Y., Research on a New Passive Solar Collector-storage Wall System with Phase Change Materials , University of Chinese Academy
of Sciences, Beijing, 2021 (FNEAT . FHIG A HURAE ARG S R HBTSY , Jbat: hEREEBERY:, 2021)

Gu Q. J., Fei H., Wang L. Y., Fang M., Jiang D. H., Zhao Y. C., Chem. Ind. Engin. Prog., 2019, 38(11), 5033—5039 (Jifi X%,
PAE, FMAE, i, FikdE, BGSE (LT HEE, 2019, 38(11), 5033—5039)

LiJ.R., He L.H., Liu T. Z., Cao X. J., Zhu H., Solar Energy Mater. Solar Cells, 2013, 118, 48—53

FuZ., SulL., LiuM., LiJ., LiJ., Zhang Z., Li B., J. Sol-Gel Sci. Technol., 2016, 80, 180—188

Sun D., Stduies on Synthests and Application of Thermally Enhanced Organic Phase Change Materials , Dalian University of Technology ,
Dalian, 2016(Fh)'}. BB gh2URBHAERIAL S IAE AR R etk 7, R . RiEHLTOR=#, 2016)

Zhang H. Z., Wang X. D., Wu D., J. Colloid Interface Sci., 2010, 246—255

LiB.X., LiuT. X., HuL. Y., Wang Y. F., Gao L., ACS Sustain Chem. Eng., 2013, I, 374—380

Wang Y., Li L., New Chem. Mater. , 2016, 44(7), 64—66( £, 255k 4L THAIbEL, 2016, 44(7), 64—66)

Wu Y. N., Wang X., Tang B. T., Fine Chem., 2023, 1—12( %A, FHE, AR . ASALT, 2023, 1—12)

BaiJ. G., Yuan Z. J., Liu Y., Zhang Y. S., Lu X. F., Chem. Ind. Engin. Prog., 2022, 41(8), 4441—4448 ({14: W], s61EC. , XM,
RSO, B AL TR, 2022, 41(8), 4441—4448)

Kong W., Lei Y., Jiang Y., Lei J., J. Therm. Anal. Calorim., 2017, 130, 1011—1019

Zhang X. G., Huang Z. H., Ma B., Wen R. L., Zhang M., Huang Y. T., Fang M. H., Liu Y. G., Wua X., RSC Adv., 2016, 6, 58740—
58748

Zhang X. G., Huang Z. H., Ma B., Wen R. L., Min X., Huang Y. T., Yin Z. Y., Liu Y. G., Fang M. H., Wu X., Thermochim. Acta,
2016, 638, 35—43

Ramakrishnan S., Sanjayan J., Wang X. M., Alam M., Wilson J., Appl. Energy, 2015, 157, 85—94

Liu J., Study on the Indoor Thermal Environment and Human Thermal Comfort in Natural Ventilation Building in Summer-hot and Winter-
cold Zone, Chongqing University, Chongqing, 2007 (X1 & . B # AW Hu X [ 2K KA S = AR B 5 AR IVET 18 9 WF5T, B
PR, 2007)

Mao Y., Study on Climate Adaptability of Human Beings to Thermal Comfort in China, Xi'an University of Architecture and Technology ,
Xi’an, 2007 CHH . NAIAEFIE SBEEREMSY , 7042 TSR RS, 2007)

(Ed.: Y, K, S)

Chem. J. Chinese Universities, 2025, 46(2), 20240372 20240372(9/9)





