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Abstract: To reduce the production costs and carbon emissions associated with phase change composite materials,
coal gangue was utilized as the skeletal raw material, and NaNO3 was used as the phase change material to prepare
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of composite thermal energy storage materials. Through the cold pressing and hot sintering method, nine distinct
composite phase change materials with varying coal gangue to NaNOj ratios were successfully synthesized. The
fundamental properties of these coal gangue-based composite phase change materials were systematically
investigated, encompassing thermal storage capacity, microstructural characteristics, mechanical strength, chemical
compatibility, and economic viability. Results demonstrated that the composite with a coal gangue to NaNO3z mass
ratio of 4.5:5.5 (designated as sample SC3) exhibited optimal performance across all evaluated parameters.
Specifically, sample SC3 achieved a mechanical strength of 49.33 MPa. Within the temperature range of 100 C to
335 °C, its thermal storage capacity reached 399.29 J/g, accompanied by a thermal conductivity of 1.484 W/(m K).
Elemental distribution within this composite was found to be homogeneous, and chemical compatibility between
constituents was excellent. Furthermore, after undergoing 1858 thermal cycles of heating and cooling, sample SC3
retained remarkable thermal storage performance, stable mechanical properties, and maintained its physical
integrity without degradation.

Key words: coal mine solid waste; coal gangue; composite phase change thermal storage material; chemical

compatibility; energy storage
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Tab.1 Components of the activated coal gangue
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Fig.2 Process flow of preparing composite phase change
thermal storage materials by cold pressing sintering method
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Tab.2 Appearances and morphologies of coal gangue composite phase change thermal storage materials with different
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Tab.3 Appearances and morphologies of coal gangue composite phase change thermal storage materials after heating-cooling
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a)2 0001 ¢) 10 000

HE 6. B 700, kegi By )s, s SC3 1
R 5K J15 WA E AR NI REUE 45
Fyo tbid R, PCM HEA R A AR FLER, HoA
HIL AR R EBIRNIEE, UIHEA 5 NaNOs
W46 RAF. MbAh, (ER4 A2 %R NaNOs Fir
AR “REGERY T P RRAL T ZEE .

IR E 7 5K 6 I AT EUE AT Eh T DA
RIL, 7E 1858 YA G, st SC3 N
PR LS A IS TN EEE . NaNOs 76 I #—A A5 it
PR S, AR A SO I SRR A B AO
FLBR, MG SR T 25 S RO, thAh, TS
PIRE A IR, R R R E M.
BR BZAM B RS 2K 2 2 IR B RS AR AT AN K
ARG, EH T HRERESITH RS

iz e A X HZ61E (EDS) HARRXHOR
10 000 % #E¥A Hl Ji7 1) SC3 K Sh#E4T 0 R WLbF 0 #
8 A 9 7 B /R T FE i SC3 TEFEH AT 5 1)
WEBTCER A ATl . W 8 Fizn, #ffh SC3 It
FEMWEESW S AARE. W& 9 FiRfEa )
1858 YN~ HIEIA 2 )5, FEdh SC3 WERIC &R M)
DHARARFEE Y SN . B2, T b &t R B,
RUAEAE 2 - H PRI 5, FEdh SC3 AE IR
R A Rt R R A A1 B e B A0 A, AT
B (R B A AR e

SR

5 um 5 um

5 um

a)Al b)N c¢)Na d)Si

S um

&l 8 BIFRIAES SC3 B EDS TR
Fig.8 EDS elemental distribution of sample SC3 before the
cycles

http://rlfd.cbpt.cnki.net

9 fEEHES SC3 M EDS TES
Fig.9 EDS elemental distribution of sample SC3 after the
cycles

2.5 HH MEBE ST

CGPCMS [PIALBRE: g A2 P e FLAE SR T FE I
H @ AR s e Refa s . N T PN IR A G
FRASM B SREE, ]2 BB 3em, EAE 13mm
MBI, . R BT TR (CMT6104,
MTS, US) X HEATHUE SR MR, LA 3.0 mm/min
)1 S S R N ) B A . MR R g
SR VWA R 48 B A AT A 52 6 A AR 4R 1 B
SRIE . X5 RN, (SC3—SCT) IR RERAT T
AT, HXTEATPUEREHAT IR B 10 R T
CGPCMS Hik s E AR LS, X 5 4 CGPCMS
(WA 470 s 5 3 49.33 MPa, N EE S SC3, H: PCM
J53 53 #0H 55.0%

60 r
49.33 MPa
S0F
:12.17 MPa
= 40
=
o 32.91 MPa
it L Y A
=
E ;
= I E RS
=20 & 4) H %
55.0
—352.5
10 —50.0
——47.5
‘ . ‘ L0
0 0.2 0.4 0.6 0.8 1.0

{7 #/mm

10 R A E S HET ARV EE
Fig.10 Mechanical property of the c composite phase
change thermal storage materials

A&l 10 AT LURIE, AU S PCM 1)
R EOFEE XN, PCM R H0CN 45.0%H
HytkmEEE R T RESECN 47.5%. 50.0%F!
52.5% M. FEJEF A 7E PCM Jit &7 BURAIK
i, B PCM JERGH M7 M LS B JEpRL g 57
HRRER: . fi%E PCM 2 HU AR PR, PCM




56

FRE S BT AR RER R A AR AR % 5 TERERT 7T 69

FE ZEAPRL 2 8] ) 456 738055, 580 CGPCMS
I EZEVERE R % . 24 PCM 5 B 50 B4k 25 PR
HEEMEHE PR RS B REIER TR, (H154
PCM Jii &= BN 45.0%F0 (Pt 58 s i A AT
Fto #E SC3 FEdhrh, BAFA5S PCM K& N
4555, E4EMAFEY SC3 AN FHIPUEIRSE,
AbF 724 PHPIRAS « 223 1600 V-4 201G
W5, SC3 Ff b P R 585 30.29 Mpa. R HHiT
T 5 S G PRRTRE S A bR RS, (HE R I T
H AT QAR PR SRE (4 14 Mpa) 29300, 2254
RS 5 SC3 R il (1) PN 8 45 4 B~ AR E
S5 Z KINAAHIEIR G, B PCM 4 “dd:
Me” S5, WK T PCM R 2840k 18] i)~
77, AEAS A 5 P

TEE 10 o, BT DU IR BE S 77 3G IR S
SR AR R I B — IR AR, 7R ERIR
EEAR L EN o Bl A )38 KB — I FHE R, KL
e LAY B B R ARG R B,
i AR BN ZOIRES , A /N RS0 3 AT R
PRS-

2.6 (LFEHEE M

b5 AH B V2 VP AL A LS & VDA g 1 oK
HBIRAR. ASCEE XRD Fl HSC 7 #riAR, Xf SC3
FEdy PCM. JEEA 2 I AL S A S PR T VR A
sERE 11 fios.

XRD W45 R E 11a)% B, SC3 Ff 5 AT
B a5 T PCM [ AT A TS0, (At 27
WA BIATET UG, IR R IR (0 ShAH A2 B, o] DA e
B b P BT B 2R RHRT NaNOs A R AE 40 2
S o

I R A S A5 NaNOs AT RET
N TTRES, RI NaNOs 5 Fe0sv AlbOz. TiOas
K20+ MgO. SOsz. NaO EW AN, B4 EHE
SE PR RR M BB VA W AR A A RERBE . SiO2 1] RELE 1)
15 F 5 NaNOg [N . T ) J i 5 FE A«

2Si0, + 4NaNO, = 2Na,SiO, +4NO, + 0,  (2)

il HSC AR EAT 5L, 45 RaA 11b) o
£ 0~500 ‘C IR EIE I, Sl A HEERT 0,
F ] SiO2 Al NaNOs 7E 1% FE Vil AN 23 H R OB o

zi FRTIAR, JET454 XRD Fl HSC 4347, LA
B, BERFA A NaNO3 £ CGPCMS il 4 it
FEHRARAERN, BA RS FEE .

http://rlfd.cbpt.cnki.net

3 +NaNO, vSiO,

91 [ (a.u.)

I'I’LOQQ
ot

*
CGPCM vo 7] toat s tu o

NaNO, «
—————)

+ +

CG .I

1'0 2'0 3'0 4lo slo 6IU 7'0 slo 0'0
20/
a) XRDZr it [ 1%
550
sook 25i0,+4NaNO,=2Na,SiO, +4NO,(g)+0,(g)
450F
400F
350+
300F
250F
2001
150
100
S0F

& A ARk

,50 -
100

1 1 1 1 1
0 100 200 300 400 500
;:‘llu‘l J‘)’L 7C

b) & A W 7 b EHSCAr fr

11 EFAFETHR L FEETE ST
Fig.11 Chemical compatibility between coal gangue and
phase change material

2.7 ZFMEFERBEE S

N T A Ak IR B8 7E Tk AR PR A 19 3 B )
NiFH, MY TEEZEAHZE SRR, &
AT PPAL HL B AT AT M. A e A T R A Pk
BT 2 T 7RIS bR, M pr it B
PR R BN MR KB A P~ RT3 48 7
Nieto Jose TorreBUF & T — ATl A el il i Bl A 11
BERY, ARPEIZARAY, A SRR A G AR i PN A%
FAE P AT RN 12 FioR. A7 A IS R4
BIRAS . 55 A . EAEE A HAb B9
FHASE R A . 8, TR 3
AT 76%~84%, X — LU 52 B LT FITER (152
M. BEEERIERA, SFEAHS. 4. TA=
W AT I A 4, o s A
12%~17%. fE LMEIREE, 5780 J 0 B AR i A
HiliE A NS 1%, MM T Y 1%~12%. K]
I, AT DR 4 R AR B FLAE S8 1) 3 A 1 L)




70 A% &

2026 4

RAG I A AR AR A o HH T i e A
1%, X FPATRHE H LA (240 mm X 115 mm X 53 mm)
ITEARA =, FEM B ERA T BE & B AR 1) 84%.

R RHOAE R R, SR AR R H 5
(1) JCHR S s B 1 [ 44 & 340, NaNOs I 4%
377 E L hBA, SC3 FE M KB BRAS T B
207.35 3ETu/t, il A 246.85 K T/t

il & A A A Y

12 EETAESHEEEANEEE =R AREMR
Fig.12 Production cost matrix for estimating the price of
coal gangue composite phase change thermal storage
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