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Thermal storage performance of shape stabilized phase change materials

with high thermal conductivity derived from ZIF-67 etched via tannic acid

GUO Wenyao , WANG Junchi, LI Hui', LI Guoning, GUO Min, CUI Ping,
LU Wanpeng , ZHOU Shoujun, YU Mingzhi

(School of Thermal Engineering, Shandong Jianzhu University, Jinan 250101, China)

Abstract: To solve the defects of low thermal conductivity and leakage of organic solid-liquid phase change materi-
als (PCMs), ZIF-67 was etched by tannin acid to obtain the carbon-based supports (HX-C), stearic acid (SA) was the
phase change material and then used to prepare the enhanced thermal conductivity PCMs (SA/HX-C) via vacuum
melting adsorption method. In detail, thermal stability, heat storage property, thermal conductivity, shape stability
and photo-thermal conversion were investigated to evaluate the thermal storage performance. Meanwhile, charac-
terizations of nitrogen isothermal adsorption-desorption, FTIR, XRD and SEM were conducted. Results revealed
that tannic acid can expand the pore size of carbonized ZIF-67 derivatives, thus enhancing the shape stability. The
obtained SA/HX-C own favorable heat storage property, thermal conductivity, and photo-thermal conversion.
Among them, etching time of 6 min for PCMs (SA/H6-C) exhibits high thermal storage efficiency of 80.84% and
photo-thermal conversion of 76.29%. Thermal conductivity is strengthened to 0.461 W/(m-K), which is 156.11%
higher than that of SA. No leakage and shape change are observed for SA/H6-C during phase transition, it still shows
good thermal storage performance even after recycling 100 times.
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Table1 Preparation parameters of SA/HX-C

Precursor  Etching time/min Support  Carbonization temperature/C Composite PCM SA mass fraction/wt%
ZIF-67 0 HO-C SA/HO0-C

ZIF-H3 3 H3-C SA/H3-C

ZIF-H4 4 H4-C SA/H4-C

ZIF-H6 6 H6-C 700 SA/H6-C 60

ZIF-H8 8 H8-C SA/H8-C

ZIF-H10 10 H10-C SA/H10-C

Notes: PCM—Phase change material; SA—Stearic acid.
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Fig.1 Nitrogen isothermal adsorption-desorption (a) and pore diameter distributions (b) for supports (HX-C)
®2 HX-CHLERER. FLAMFHIE
Table 2 Surface area, pore volume and average pore diameter of HX-C

Sample Surface area/(m*g™) Pore volume/(cm®.g™) Average pore diameter/nm
HoO-C 357.63 0.240 2.63
H3-C 259.74 0.337 6.02
H4-C 247.11 0.381 7.43
H6-C 249.13 0.386 7.46
H8-C 238.53 0.432 9.43
H10-C 267.30 0.498 9.69
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Fig.2 FTIR spectra of HX-C (a) and composite phase change materials (Stearic acid (SA)/HX-C) (b)
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Fig.3 XRD patterns of HX-C (a), narrow range 5°-40° of HX-C (b) and SA/HX-C (c)
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%4 ZIF-67 (a). HO-C(b). H6 (c). H6-C (d) F1 SA/H6-C (e) [ SEM [&1%
Fig.4 SEM images of ZIF-67 (a), HO-C (b), H6 (c), H6-C (d) and SA/H6-C (e)

U, S s B 9 HO-C 22 17 H 500 45 RS 4
HEEIE S S ZIF-67 AL . Z8 7 IR ZI il 45 31 i
H6 1R 4 s 4% 7K T ZIF-67 Ay TR AR/, {H i
BOHLEE (151 4(c))o [ 4(d) T g A L 2 2], 28
fe £k 45 2] (1) H6-C 2 H A 25 45 M i+ — 4
XERMZMPOR R4, Y H6-C i SAJq, &K
S5 R 2 (B 4(e)), X i F K SA 58 £ H6-C
fLiE, DES SALETE H6-C R . XUEW] T
H6-C 7 A S0 B SA,  ELA R 69 57 ik e 7k BE
2.2 SA/HX-C AIETEED
K IR PP Al 52 G AR A8 bR 0 PR E
¥l 5 4 SA 1 SA/HX-C By e e et 2 o ol & T
M1, SA 5 SA/HX-C 1) TG MR AL, 1A —A
100
90

80
70

—w—SA 100.00%
60 | _q— SA/HO-C 60.17%
50 —=— SA/H3-C 60.25%
40 | & SAHAC 60.67%

—@ SA/H6-C  60.92%
30 | —*— SA/H8-C  60.06%
50 | —#— SA/HIO-C 60.28%

Mass fraction/wt%

10
0}
—-10

50 100 150 200 250 300 350 400 450 500
Temperature/C

€5 SA Fil SA/HX-C I#ARE M
Fig.5 Thermal stability of SA and SA/HX-C
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Fig.6 DSC curves of SA/HX-C
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" AHsa(1- M)
s AHcomposie ™ AHsa 23 31 4 SA/HX-C F1 SA (1)
ARG (0/g)s M g HX-C 14 5 43 0 (wt%) o

F 3 L AT SA FIl SA/HX-C By P fig 3
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DIFE W, T SA, SA/HX-C B A BARME LR
JE R e A 5 O R, FLaE 8 (0.60~0.77°C) iz
/NT SA(B.52C), X T —Jr i, HX-CIimAZs
Ha5E SA N FER T AAPERE , N SA 4 Tk 2 1T R AR
EALIRE ; B — |, HX-CHIMAES T %M
R, ERE T SA BYSE N, HREE T RERE R,

n (1)

PRI, SA/HX-C (193 ¥ BE W] W REAIG . sk, AR 4l
SA By Ji 1t 43 $0 T 545 3] SA/HX-C 1 BRI IE ks /
&8 [ 45 43 5 4 132.17]/g A1 132.89]/g, HHAEKE 1
T HBIS/E, £ SAHATTAZE T HX-C
FIBR M . FEPGSCR B UE T X — 4558, WLIEH,
SA/HO-C. SA/H3-C. SA/H4-C. SA/H6-C. SA/HS-
C Il SA/H10-CHY i #8803 43 51 o 83.00% . 78.57% .
80.14% . 80.84%. 79.00% Fl 78.70%. X & H T &
B 2% 1) L 45 ) 2% 1 AT SA 22 J] 7= AR T 5 B 1 A
YERT, #8453 SAFE S B AE FH T BB e AL BE | ik
PEATAHAS . S 30 SA/HX-C fiff ARL A 0 AR 20, (.
RERE ML, SA/HO-C HA fi = il AROR . iF
R, LS AR AL B 1, A PLAHAE
A HE LR AL 25 4 T Y 2l il Y HX-C B
AR IKW A LA H R R A FLAR, X SA ] LA
7oy it A HX-C B FLIE 254, IF 5 FLBE 42 fim
P A EH . Bk, 5 SA/HO-C #i L, SA/HX-
C I AE BRI I N R

&3 SA 1 SA/HX-C HyFiiERE
Table 3 Thermal properties of SA and SA/HX-C

Sample TW/T;/C AH,/AH{/(J-g™") AT/C A/(W-(m-K)™)
SA 68.53/65.01 220.28/221.48 3.52 0.180
SA/HO-C 67.72/67.12 109.52/110.48 0.60 0.452
SA/H3-C 67.53/66.70 106.80/101.43 0.77 0.453
SA/H4-C 67.53/66.84 109.34/103.21 0.69 0.457
SA/H6-C 67.38/66.70 109.93/104.35 0.68 0.461
SA/H8-C 67.25/66.55 109.09/100.27 0.70 0.456
SA/H10-C 67.17/66.32 109.67/99.80 0.75 0.458

Notes: T;,,, T;and AT—Melting temperature, solidification temperature and supercooling; AH,, and AH;—Latent heat of melting and latent

heat of solidification; A—Thermal conductivity.

2.4 SA/HX-C S#MEAE

M3 3 AT A, HX-CHI 4T T SA SR
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Fig. 7 Images of leakage rate for SA and SA/HX-C before and after heating
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Fig. 8 Shape and quality records of SA/H6-C cyclic storage/exhaust heat
100 times
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Fig.9 DSC curves of SA/H6-C before and after 100 cycles of

storage/exhaust heat
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Table4 Thermal properties of SA/H6-C before and after 100 cycles of storage/exhaust heat
Cycle time T/ T/ C AH,,/AH/(J-g™") AT/C
Before the cycle 67.38/66.70 109.93/104.35 0.68
After 100 cycles 67.39/66.71 109.25/103.72 0.68
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Fig. 10 XRD patterns (a) and FTIR spectra (b) of SA/H6-C before and after 100 cycles of storage/exhaust heat
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Fig. 11 Photo-thermal conversion curves of SA and SA/H6-C
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Fig. 12 IR images of heating process for SA/H6-C
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