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Preparation and properties of low-cost phase-change heat storage materials

based on semi-coke ash
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Abstract: To promote the large-scale consumption of industrial solid wastes and avoid damage on environment brought by
the accumulation of semi-coke ash, we proposed an innovative semi-coke ash/Na,CO, shaped phase-change heat storage
material which is prepared by cold compression-hot sintering (CCHS ) method. Taking laser flash analyzer (LFA) , thermo-
gravimetric and differential scanning calorimetry (TG-DSC)and X-ray diffraction (XRD) , the thermal conductivity, thermal
storage and chemical compatibility of the shaped phase-change heat storage material were characterized.The results show
that the best properties of the composite can be obtained when the mass ratio of semi-coke ash to Na,CO, is 52.5: 47.5.
Under this ratio, the composite’s thermal conductivity is up to 0.41 W/(m - K) between 100 and 800 °C , and its energy
storage density is up to 1 101.14 kJ/kg between 100 and 900 °C.

Keywords: solid waste ; framework material ; shaped phase-change composite ; carbon neutrality ; semi-coke ; energy storage ;

heat storage ; renewable energy

0 3l

B A M e S R 0 1 Y 75 5K Ok
MR, NATTREA A7 BRI AR o BT A P FE R IR T Bk
AAEZSIRET . BRI H 555 AR
KU, HATEEKE A G EAE A8 120 240 E K
F T e oRn B AR, R E LR RE IR Ry AR Y
S ZR G HR Ty 1 {E AT R A R R A AR 0 AT K

I fa HH#: 2021 -04-26; &[5 HHA:2021-06-30
ELWMB b at i ZEEBHFI H (KM201910016011)

e BRI, BB RE AT (TES) R ST 2 e n]
AR BE VR AR GE A BEIRUIL L A P B RE TR SR 22 1]
DR — R AT LASRE i n] A AR ) B
R, b T LASR A A RE DR A BB

TES £ AR F 247 3R 8, B R34 i PRI H
P . RIAEREORE 2 (HE i IARERR A7
W REARAR , iR~ 38 P ARATI AL T 52 50 2 S B
Bro WRIGE PR FIE R U R A
fEE W23 6] ZOR/NA IR . SR, ARAZ A (PCM)
(I v AH I B AR 3 R AR IR T A SE PR



% 7 27

AE IR, A AROR A 22 R AR IR A AR T A AR 6 ] & RO AR AT A <63

TR RN FH o o T 5 v RN i B i g
(R A, AR SO R T — ol TV AR (o BV B 1)
RUGE RUAHARREREY . ZESXRIORE L, B e RIS A
AR PR ZEAE AL B, DAV o Y FIAR 4
OGRS AR . SCRRLS LB T LU
SEALER N AT RE, DLAR R R U8 A A AR B R )
TE TR AR AR AR T 4R 3852 A AR LR I AT
HARL A S AR S 1E . T E YR
B 58 1Y, A B R T E AR A R FRATT Y A 3 B
Bio PR, SCHk[6 158 LUBYM R AE R i S8t ), i
TR B0 A A R A A e ] 6 o 7R R AR i bt ) A5 )
TR K SRR A B b, Gk 7 & T
R BH b/ i o TR AR AR i AR L, 75 34N 5 45 6
RS S E AR E BRI e . SCHk[8 ]l
#% T TR Eh/MCM41 ZfLE & E R kL, IR 15
B LT R 5 B A U TR R 5 MCM4 1 i Lol 6:4
B R ZE T8 . SCHR L9 4 s FH —Fh Tl % ) ik Ui
VER B B4R, PR 2 25 A S A 728 R 48 AR
A figg AR RL , LR B R M BB R4, 1X R AR A AR
TR AF O R FH 81 7= fifh ) AR VR 386 1 g FH 3 A8 AR
SCHRL10] CARE K B2 2R A i b B S R A A
FHAEBEBE, il 28 T I RF G 1 = A AHAE R R, STk
(11 )42 i 7 DL = Johk iR £ (K,CO,-Li,CO,~Na,CO,)
hr v IR FAREAEAE AR LS AR EE A R R A5 1)
SERUAH ARG AT B, S5 SR BOR  IRIRER 5 AL
) A A2 SN, 1% 52 B MRHEE 100 A B J5 415 3%
I R AT AR PR AR T

SR, SCHRL 6 A5 b il oM JE IR A el 1k, ik
SR S R R E A FERT R . S TR
Tl A 2 55 R i v G A R RN ) A
e, A SCRIHTPE M2 0 T DA 22 R KA R B 2R 4R
DU R AR Na,COME N AHAS A RL , 38 098 FR 1 1 45 T
ARFSE BB A AHAE R R

S AN TR) 5 it EE B4 22 J5¢ R BiR T2 40 DK AG 560
HAMERL R RA L, S-SR TR A
MOBHR K RE | 3 IS SR AR BRI 0T T 280
RS AASMR A AE E . S5 R R, 22 R AE
R S T AR i A RE %) B 2R R R LA R AR T
ik

1 K5

L1 KR

AILE UL Na,CO, S B8, L [
] 25 £ A Al A R A BRS 7, 20 =99% . 1 28 8F
== K W A BRI (5 D) A BR2S /] Y
2ERAE LI LL 950 CoE ARG m S . i BT

R 3% MR LI (PVA) I AR R be g Al
A7 Bl T RUAH AR G AR RE LY, PV A SR =99%
1.2 ERETHEAF R

A 56 R FH ¥ Fe 4 - be 45 (CCHS) 1 1l % a2
RUFAAS g AT RE, Hohl s L FE an il 1 7, HAAR ] &
TR,

B

B "'3/ > J - ) -
- TFER 75 S
e J Sy 900 °C %

452 h
E1 FEERETER R &RE
Fig.1 Preparation process of the shaped phase-change heat

storage material
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Tab.1 Details of different shaped phase-change heat storage materials
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Fig.2 Appearances of samples with eight different ratios after

sintering
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Fig.3 Gibbs free energy of the reaction between semi-coke ash
and Na,CO,
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Fig.5 Thermal diffusivity and thermal conductivity of CC3
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