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Study on shape-stable phase-change heat-storage materials based on waste concrete
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Abstract: The collection and synthesis of the skeleton materials for thermal energy storage (TES) will pollute our
environment. To achieve the goal of carbon peaking and carbon neutrality as soon as possible, consume large-scale
municipal solid wastes and avoid serious waste concrete accumulation, we take waste concrete as the skeleton material to
fabricate shape-stable phase-change heat-storage materials. The chemical compatibility of a shape-stable phase-change
material was analyzed by X-Ray Diffraction (XRD).And the micro-structure, thermal conductivity and TES performance of
the composite were characterized by Scanning Electron Microscopy (SEM) , Differential Scanning Calorimeter (DSC ) and
Laser Flash Analysis (LFA).The experimental results show the shape-stable composite is of the best molding effect and
decent chemical compatibility when its nitrate mass fraction is 50%. With this proportion, its latent heat is 31 kJ/kg, the
heat storage density is 505.90 kJ/kg in the range of 100~400 °C , and the thermal conductivity is 0.12 W/(m+K).It can be
concluded that using waste concrete as the skeleton material for heat-storage composite is feasible.
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Tab.1 Performance of the phase-change heat-storage composite with different proportions
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Fig.2 Samples of sintered sodium nitrate/waste concrete

composite with different proportions
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varying with the temperature in 40 °C intervals

2.4 fEPERESHT

CC2, CC5 FI NaNO, 1Y 22 /s A4 f #iik (DSC) it
2 (1 W A TR NS o Tl | R Sl i )
309.3 °C, AL TN 174, 13 kl/kg; /& RIS A M 7S
A RE CCS BYHE 150 307, 1 °C, B M AR



*90 - Ao, 3 K

% 43 %

IR A S A AT RS B 45 AR S A B e 45 T A %
Fdad A b, B IH TR BE L XA 2R R A A SOUL 25 4
SN . CC2, CC5 A FEARA X LLINE 8 firs . H ]
AR G PR B A S BB R B o R G AR
PE, R o RO AR AR o 7 TR B S [ 2
i, R T, S A AR L IR B 2 T
TR AN 5 AT AL IS, LU I 248 P22 .

2.5r

——-= NaNO,
20F | ——ccs

05 I I I I I I |
120 160 200 240 280 320 360 400

I
E7 CC2,CC5%1NaNO,HIDSC B £
Fig.7 DSC curves of CC2,CCS and NaNO,

[}

——CC2
—CC5

K

-(kg-

—_
T

ELHE T

0 L L L L I}
100 120 140 160 180 200
g C
a [HAB LA
a Specific heat in solid

—CC2
—CC5

K)=

(kg -

FLRAET -

0 Il Il Il Il Il I}
320 330 340 350 360 370 380 390 400
Lz C
b AR BL LA
b Specific heat in liquid

B8 CC2,CC5RyLE#AXTLL
Fig.8 Comparison of specific heat of CC2 and CC5
X FASURMIEFE T B RRE , T8 3 ik 4 2 Ok RAIE
AT RHROAEIAGE T Ak PR B T R A

Ty T,
Qi =(1-w) [ e, dT +o|[ "c.dT + AL +
T>| T*‘

| T“mclsdT), (8)

T
m

@ W A MBI, k) /kg s 0 TS A
B B 0 80 T, AR MRS IR K5 T, 00
BRI, K TN RIREE , Ko, M ZRRPRH L

ES I/ (kg K) se AAPRBHEZS A kJ/ (kg KD 5
e, HAHZEAE RS EEIAR kI (kg K) 5 AL R AHAE I
ERAE [ AR AS B )V E k) kg o

FE [R5 S M A AR5 A 4R FE A B
SEIME A 0. 990 kJ/ (kg K) |, [ A AR EH A EL A A
1. 798 kJ/(kg-K) , ¥ 25 A 2 8 () HL #4250 1. 812
kJ/(kg-K) o £ G Bl A 100~400 CH, 8 AT 15
CC5 Wit A 2 4 505. 90 kl/kgo

CC5 AN 7] 3 B 3 BBl A ik 7 %8 B ot e an &1 9 e
7No HI 100 CoA 2 AL, A BR 25 CIT AR R L . H
PRI RT 0 i i 288 1 i O P8 T T i e M K. A
T B A AR T B, i A AR i P R A I A A
TCEAE R G G, 76 250 CLE A il % B
T SR 348 R D DAL Y TR 0 T 6 2R AT T - R AR A, 24
B TR M (o] — YA AR 1), 2 B 52 45 A AR il B R 1 i
PR R B e, ELAT B A R

600
500 -

400 -

JENKT * kg™!)

300 -

R
i

200

fiti#A

100

0 Il Il

100 150 200 250 300 350 400
iE/C

B9 CC5AEIRETE BRI fERES &2

Fig. 9 Heat storage density curve of CCS5 in different

temperature ranges

3 g

AR SC LS T AR R H R 4 A B 2 b R il TR
By R ARAE B4R £ 0 U A AR AR R ER R .
it XRD, SEM, DSC FIEOG A S0t B G A ARG
PAPREREEA T RAE 1SR LL T 4518 .

(1) AHAS B BHIS R B 5 P2 IR VR BE + P 35 2Z A
) BRAE A Te Ak 2E O &R A I AR 2 A
kS

(2) il % B A 1 TR 866 = P ot 2 40 500k 50%
b, 58 A A AR R b HL A R T o

(3) YTl R oM & i AE R IR R Bkt b o 43 B0k
50% B, 52 G AR A AR HE AR 31 k/kg, IR B
40. 14 W/(m-K) o 7Eif B35 Fl o 100~400 CHF, 3
AT LAAS 3] CCS My fifi#E 2l 505. 90 k/kg.



% 10 4 e TRk, 5 R R 1 AR R A AR T Ak R A R A4 Ak R BT A

- 01 -

Sk :

(12, 25l Wik, 55 AR iR BOR BT E e [0 ). 1k
T %,2020,39(12) : 5066-5085.
LI Zhao, LI Baorang, CHEN Haozhi, et al. State of the art
review on phase change thermal energy storage technology
[J].Chemical Industry and Engineering Progress, 2020, 39
(12) :5066-5085.

(2 )Bh , X2, 2, 45 RT3 TT T RE DX R 2 64 204 XA

AR E IR A TR o B (D] AR HLEER L 2020, 42(4)

23-30.
ZHONG Shengyuan, ZHAO Jun, LI Hao, et al. Thermal
economy analysis of distributed phase change heat storage
stations based on urban functional zoning [J]. Huadian
Technology, 2020 ,42(4):23-30.

[3VEAH XA, T HE I AR A REH R TE T T
FWEFEL) ] A AR, 2020,42(11) :91-96.
WANG Changjun, LIU Shuo, DING Xuefeng. The study on

i PRI P A

application of phase change energy storage technology in
clean heating [J]. Huadian Technology, 2020, 42 (11) :
91-96.

[4]LI Q, LI C, DU Z, et al. A review of performance
investigation and enhancement of shell and tube thermal
energy storage device containing molten salt based phase
change materials for medium and high temperature
applications [ J]. Applied Energy, 2019, 255.DO01: 10.1016/j.
apenergy.2019.113806.

[5]ZHU J Q,LI R G,ZHOU W B, et al.Fabrication of ALLO,~
NaCl composite heat storage materials by one-step synthesis
method [J]. Journal of Wuhan University of Technology -
Mater.Sci.Ed.,2016,31:950-954.

[6]JIANG Z,LENG G, YE F, et al.Form-stable LiNO,~NaNO,-
KNO,-Ca (NO,),/calcium silicate composite phase change
material (PCM) for mid - low temperature thermal energy
storage [7]. Energy Conversion & Management, 2015, 106:
165-172.

[7]JIANG F,ZHANG L,JIANG Z, et al.Diatomite-based porous
ceramics with high apparent porosity: Pore structure
modification using calcium carbonate [J]. Ceramics
International ,2019,45(5) : 6085-6092.

[8]LENG G H, QIAO G, JAING Z, et al.Micro encapsulated &
form - stable phase change materials for high temperature
thermal energy storage [ J]. Applied Energy, 2018,217(1) :
221-232.

[9]DENG Y, LI 7J, QIAN T, et al. Preparation and
characterization of KNO,/diatomite shape - stabilized
composite phase change material for high temperature
thermal energy storage [J]. Journal of Materials Science &
Technology,2017,33(2) : 198-203.

[IOJQIN Y, LENG G, YU X, et al. Sodium sulfate - diatomite
composite materials for high temperature thermal energy
storage[ﬂ.Powder Technology,2015,282:37-42.

[ 11]QIAN T,LIJ,MIN X, et al.Diatomite: A promising natural
candidate as carrier material for low, middle and high
temperature phase change material [J]. Energy Conversion
and Management,2015,98:34-45.

[12]LIU S, YANG H. Composite of coal - series kaolinite and
capric-lauric acid as form-stable phase-change material [J].
Energy Technology,2015,3(1):77-83.

[13]LI Y, GUO B, HUANG G, et al. Characterization and
thermal performance of nitrate mixture/SiC  ceramic
honeycomb composite phase change materials for thermal
energy storage[ J |.Applied Thermal Engineering,2015,81:
193-197.

[14]WANG T,ZHANG T, XU G, et al. A new low-cost high -
temperature shape-stable phase change material based on
coal fly ash and K,CO,[]J].Solar Energy Materials and Solar
Cells, 2020, 206. https://doi. org/10.1016/j. solmat. 2019.
110328.

[15]L1 Q, CONG L, ZHANG X, et al.Fabrication and thermal
properties investigation of aluminium based composite
phase change material for medium and high temperature
thermal energy storage[ J ].Solar Energy Materials and Solar
Cells,2020,211.D0OI:10.1016/j.s0olmat.2020.110511.

(R 3T % - 5RML)

EE R

REW % (1977—) , 55 W0 mg JELPHN , 240852, 11, AT il

ERAEPTT I I 5Y (E-mail : xiongyaxuan@bucea.edu.cn )

55 (1997—) , B Wb A RIE N FE -5 4
AT [ PR AT T A5 (E-mail : 872971547@qq.com)

FHEFE(1997—) , B [ REABM AR L 0F 58 2E A
HF A PO T TS (E-mail : whx754137921@163.com) .

2y AR (1997—) , 5, LI Uy A, 76 BRAi A5 A, A
[ AT T TS (E-mail : yeh1261072340@163.com)

AT (1998—) , Lo, INFHRIA N, TEREM A5 A, I\
F AT 10 5T (E-mail : 1807931498@qq.com)

T E(1962—) , B TLIREZN, H8, S E 2K TR
BB+, T AFEAERE T AT





