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Abstract: [Objective] In order to solve the problems of liquid leakage and poor thermal conductivity
faced by wood-based phase change energy storage materials, we heat-treated myristic acid impregnated
wood using Sn-Bi alloy, and introduced it into the wood under the drive of heat. [Method] Taking poplar
wood impregnated with myristic acid as matrix, Sn-Bi alloy was combined with the matrix by alternating
high and low temperature heat treatments to prepare energy storage wood with metal shells. Scanning
electron microscope, Shore hardness tester, universal mechanics tester, thermal conductivity meter and
differential scanning calorimeter were used to test the micro-morphology, surface hardness, compressive

strength parallel to grain and thermal properties of the energy storage wood. [Result] The mass gain of
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samples during heat treatment at 160—220 “C for 1-5 min was significant. The mechanical and thermal
properties of samples were improved with the increase of heat treatment temperature and time. Compared
with untreated wood, the compressive strength parallel to grain and surface hardness were increased by
120.02%—149.59% and 13.53%—46.93%, respectively, and the axial and radial thermal conductivity were
increased by 34.18%—165.67% and 38.11%—80.70%, respectively. The Sn-Bi alloy was filled best when
heat-treated at 190 °C for 5 min, with surface hardness, axial and radial thermal conductivity reaching the
highest values of 62.65 HD, 0.532 4 and 0.298 7 W/(m-K). Retention of myristic acid within the wood
ranged from 27.54% to 63.68%, and the highest energy storage density of 59.38 J/cm® was achieved after
heat treating at 160 °C for 3 min. [Conclusion] Alternating high and low temperature heat treatment
prompts the Sn-Bi alloy entering into the vessel of the wood, achieving different degrees of penetration.
Three dimensional pore structures of wood and Sn-Bi alloy filled outside solves the problems of liquid
leakage and poor thermal conductivity of phase change materials. The prepared energy storage wood
combines the advantages of wood, metal and phase change materials, with better surface hardness,
compressive strength parallel to grain and thermal properties, making it prospective for applications in
building walls and energy-storage floors.
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Fig. 1 Preparation diagram of energy-storage wood
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Tab. 1 Mass variation rates of energy-storage wood under different heat treatment conditions

Jii s A5 4k 2 Mass variation rate/%

KL TR R
Heat treating temperature/°C AMEFE min HAEFE3 min HAEFES min
Heat treating for 1 min Heat treating for 3 min Heat treating for 5 min
130 —3.81+0.42 —2.83+0.76 1.13+£1.38
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220 42.03 +14.71 47.55+13.35 58.04 £ 19.63
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Fig. 2 Physical and SEM images of samples
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Fig. 3 Compressive strength parallel to grain and end hardness of energy-storage wood under different treatment conditions
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Fig. 5 Temperature variation of center point during energy-storage wood heating
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Tab.2 Phase change time of energy-storage wood and its
internal myristic acid retention rate

I i ARAZ I ] EEEES
Temperature/°C Sample  Phase change time/s Retention rate/%
TW160-1 1082 63.68
160 TW160-3 1015 57.53
TW160-5 821 62.72
TW190-1 1290 63.57
190 TW190-3 1098 49.06
TW190-5 838 43.75
TW220-1 1252 45.41
220 TW220-3 700 35.46
TW220-5 347 27.54

BF ], AT LK TW P 3B (19 A & 5 R T A7 % 4% ol 7
27.54% ~ 63.68%, LILGE IS ERPEREM SR G - 1H
BVER M, BT TW160-3, TW160-5 1) A 55
T B AT A T 3T, 1X 1 BR RN IR i R B R
T AR . IR O, EAH R A ER BT, A
TW160-5 Wi th A EERR B £ . X5 190, 220 C
N, BAE B AL B (] BT T B R, B EE
%2 W E SRR -
2.6 fiEBEARMAISEIIERE

FH 4 S [R) AR B S BB S5 B AR M IR

AN, T AT [A] FA A B 2K B PR A SRR A
M UL e RRRE (0 6 e e o Rk, UG VR R 3 min
AR EAT DSC MR (L5 R 3% 3 FIE 6). X T4
i 3 min BARIRAS B HALFER TW, HAA 4 FE A
AR EANT 53.54 ~ 54.12 °C, JEALTEIE A 35.20 ~
53.70 J/g. IEIEEIE. MR ESHRAZ [0 R,
e TW 6% RE 2 A T 45.49 ~ 59.38 J/em® 2
(% 3), 78 160 C HAbFE 3 min 615K, TW %
Re i IS E T 59.38 Jiem®s LA, 1F 65 °C A8
o G T S R A AR TR DX TW 34T B 3 U
R, 28 SRR BN T AR T B ok R AR B AR A,
WK () = 4ESL IR 4544 5 41 =45 78 (1) 2 B & < 7 LA
A BT LEAHA PN 8 PA) 5252 TR 1) R

6a HIHGEFEAL T 52 ~ 60 °C KIS T A
SRR R B O R . (BRI AE, 7 TW160-
3. TW190-3 F1 TW220-3 7E 65 ~ 70 °C M7 & H B
TN IR e, TR B Bk A 4 T G I AR
SR, B & & IV B AR T I S5 R+ B,
FEART LA AT AR, G SIEAMA
(4 F 25 B A A% AN T 77 24 1 g . DSC PR
(E 6) iR i HAC B B I FE T, ek PR A
7 RV A R 3 T AR TR D, KR T TW
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Tab.3 Phase change temperature and latent heat of energy-storage wood

M4k #2 Melting process

%1 F2 Cooling process

¥ Sample

T,,/°C AH,/(J-g") p/(J-em™) TJ/C AH/(J-g™") p/(J-em™)
P E R Myristic acid (MA) 53.66 180.25 51.63 183.60
TW130-3 54.14 53.70 45.49 51.49 51.74 43.83
TW160-3 53.86 52.80 59.38 48.08 39.76 44.71
TW190-3 53.65 38.39 53.10 47.86 27.95 38.65
TW220-3 53.54 35.20 54.12 47.01 21.20 32.59

VE: TORT 20 BRI 5 Y8 HS FE A AR IR s AL FVAH 73 B VS A5 A BN FR B3 FAE s p M e % B o Notes: T, and T, are the phase change
temperatures for the melting and cooling processes, respectively; AH,, and AH, are the latent heat for the melting and cooling processes, respectively; and

p is the energy storage density.
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Fig. 6 DSC curves of energy-storage wood
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