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Abstract: To solve the fire hazards associated with phase change energy storage wood in building
applications, and to overcome challenges such as poor dispersibility, aggregation tendency, and
ineffective impregnation modification of metal-organic frameworks (MOFs) in phase change materials,

this study proposes a new MOFs synthesis strategy based on phase change media. By using polyethylene
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glycol (PEG) 2000 simultaneously as both a reaction solvent and phase change unit, the synthesis and
dispersion of MOFs are integrated into a single process, enabling the preparation of Cu-MOF ;.
Ochroma lagopus was then impregnated with PEG 2000 and Cu-MOF . to produce phase change
energy storage wood (PEG/DW) and flame-retardant phase change energy storage wood (Cu-MOF/PEG/
DW), respectively. Results show that Cu-MOF was successfully synthesized within PEG, exhibiting well-
defined crystalline structures, its particle size and morphology consistent with Cu-MOF synthesized
using the conventional solvent N, N-dimethylformamide. Both PEG 2000 and Cu-MOF,,, effectively
filled the wood pores, and copper elements were uniformly distributed in Cu-MOF/PEG/DW composite.
Due to the weight gain rate of Cu-MOF/PEG/DW is 35.6% lower than that of PEG/DW, the melting and
crystallization enthalpies of Cu-MOF/PEG/DW decreased to 113.5 and 108.8 J/g, respectively; the phase
transition temperatures of crystallization and melting decreased by 1.7 °C and 1.3 °C, respectively. The
decrease in enthalpy and phase transition temperature was small, and it still has excellent phase change
heat storage capacity. Owing to the introduction of Cu, the surface heating response time was shortened
by 35 s compared with PEG/DW, facilitating the rapid transfer of surface heat into the interior. In
addition, the synergistic flame-retardant and smoke-suppressing effects of Cu and the nitrogen-
containing groups in the organic ligands increased the limiting oxygen index (LOI) of Cu-MOF/PEG/DW
by 29.8% compared with PEG/DW. (P<<0.05) compared to PEG/DW. During a 600 s cone calorimeter
test, total heat release of Cu-MOF/PEG/DW decreased by 17%, total smoke release reduced by 91.7%,
and no dripping occurred during combustion. This research overcomes the technical barrier of efficiently
combining MOFs with phase change energy storage wood, offering a new methods for developing green,
energy-efficient building materials with excellent thermal storage performance and enhanced fire safety.
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31, SN MOFs 7E AH 28 fifh 68 AR S0038 1 82 FH I e 7
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1 #MR5R%
1.1 5 R

BOARSTHE0.12 glem?, W [ AR M 2 22 0
REVR B A IR 2 7] o il 25 B A% 29 1000 mmx100
mmx3 mm  Cili [ x5Z [ 42 7)) 3R A& H .

=KEWERH (Cu(NOs)2+3H.0) . S AN
(NaOH). WHiERHN (Na.S0s). EZ —FE (PEG)
2000. HZE=HR (CsHs(COOH)s). TMkZ%N,N-
TR HEG (CHNO) . 4hE.
1.2 FERBE

W4 77 B #E 2% (RCT Basic) « H 2 T /&5
(DHG-9245A) . A BHE (SU8010) .
X 5 2R AT B (XRD-6100) < 2 755 39 i & AL
(Q2000) ZLAMARAZAX (UTi320E). 451X
(JF-3). #EJEE#{ (VOUCH 6810,
1.3 W5k

1.3.1 Cu-MOF [ i £ 4% 4t Cu-MOF [ il %
SACHER[15], 1E AT K 13.36 mmol = /KA
R %5 i T 50 mL [ N,N- - F ZL ik i (N,N-Di-
methylformamide, DMF) ' fiQ il i ¥ A, 5%
8.42 mmol %) = HRVA T 50 mL Y DMF 155 W
B. BHEWAZRHIMNBER B, 7580 °C/KH%
R 2 h. JERRRAHEERGHE12h,
B TE UTIE . DUIE S DMF Y% 3 K G
80 °C L 7¥ T M2 24 h 3K 15 W5 (o ¥y K, v % Cu-
MOF )0

PEG 1E 1 J N 7] S AHAZ 5176 Cu-MOF (1] 2%
JIE NIRRT 5T S . 4% 25 mL ¥ PEG2000
BT 80 C/KIB KM TIMAZE ERIBNNRE, &
181N 10.9 mmol = /K& SERAH, Wi+ B 2%
W E LU, WA Cs [FARE, 7580 °C/KIB
%M, ¥ 6.81 mmol ¥ 7K = FRR it #7425 mL
) PEG2000 1, 3 D. IR C 212 IMNEIR
D A1, 80 °CHit#E 12 h 74 Cu-MOF/PEG. & LU £E
WEYTUE, HDMF S 3K, 480 °CCH = T/ 24
hRFE OB KR, 744 Cu-MOF 4y 0

132 AR ARM B H & . HEKRKET
Na,SO, (0.4 mol/L) AINaOH (2.5 mol/L) HJIE&

HW (1500 mD & WA 12 h, JEH B FK
EKAEE. B, BRAREAM (delignified wood,
DW) . ¥ DW % #% T 250 mL PEG2000 5 Cu-
MOF i, 5 7E 85 °C -0.1 MPa 4 F B 2512 ¥t
30 min; BEEHAINEIRGIRE, fE85°C. 0.5 MPa
JE 71 FAEEE30 mine S5, KEIRFERERE B A T
i, fE60 °CTIRETLMIRAR A, EEMAEGE
¥ (PEG/DW) 8 BH A #H 22 fif fit A #4 (Cu-MOF/
PEG/DW).

1.4 THEERIE

1.4.1 25K RAE AR BT 28 (SEM)
Xt Cu-MOF ) I Cu-MOF i, 1 # K LA K& DW.
PEG/DW. Cu-MOF/PEG/DW 5% Y #4722, Jf:
HEAT BEIE 49 35 3815 Cu-MOF/PEG/DW [ 7T 2 21 ik
Je oy A, AR VANFE S R X SR AT OO
Cu-MOF gy Fl Cu-MOF g [ i 4 25 K4 33547 53 4T
I B 5~60°, FHEIHEE 2°/min, AWK 1A
R

1.42 MER ¥ DWE T HZE THMA T TEE
e, PRIWIGE R . IR BT S 1R T4
2 E ORI G I, 3G E R ONIR S =
WENIG R &, AT ZERUYIG R, AN
&6 M .

1.4.3 #PERERAE FH 22 7% 3 16 & A DOt
PEG/DW. Cu-MOF/PEG/DW Hfi&#RE 11, A& HAHK
HU 540.2 mg Ky R FE T2 AR . SRS
47, THEEZE 5 °C/min, HRIE S X 7] 0~80 °C,
BRI AR R 204 #3430 5% PEG/
DW. Cu-MOF/PEG/DW 7EM#AMEL T 3R R E
AT, CKRE S E T 80 cClE IR IR, Szt
103% 100 s AR TGRS -

1.4.4 BRBeVE R SRAE SR FH & F 200 A%
PEG/DW. Cu-MOF/PEG/DW 1} IR 16 % (lim-
iting oxygen index, LOD #HATIIK, f2HIE 64
FEf o B R FEE D) N 100 mmx6.5 mmx3 mm (il
F] > 5% [ < A2 1)), FEAT ARG, A2 1 N
i o Al AE T B XK PEG/DW. Cu-MOF/PEG/
DW [ #AREME REHEAT M,  #RAE 3 2% 50 kW/
m?, RIS AN
1.5 B
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155 HI SPSS e AT £ s 0 b . RH SRR TT 222
#4538t (ANOVA) ¥ PEG/DW Fl Cu-MOF/PEG/ ol g
4H 7 &) 1t B 2R ARG ER L ZME, AERI
DV\V%;HPZI‘EU%i%*ﬂ&ﬁ@ﬁ%i&ﬁ’]%#m%ﬁ i §NUW§) Cu-MOF gy,
Giit B VR E R 95% 1 BAH KT o || UL
2 HREHH U
2.1 Cu-MOF [ BOUTH 5 51545 | Ul y fSMOFoun |
211 BOWESR | 1'0i 20 30 4 s &

Cu-MOF pp, Fl Cu-MOF i, %2 M I 355 3K
AR, HMAESWE 1R, Cu-MOF 0 B
HORBEIN 2 AR SE R (B 1), SR R 4%
KA A, kAR RS 4 200~500 nm.  Cu-
MOF oy, T S5 5 AE RURL A2 K /N 5 4% 88 07 156 BRI
Cu-MOF py, — B, H A REREAR . XE
BE N PEGAE MV FI B R OK, BHAS T Cu-
MOF i, i A BRL 5 H R 30, AT A 5% 56 7
2398

a Cu-MOF

b Cu-MOF &

(PEG)

= L] > -
El1 Cu-MOF,,,#1 Cu-MOF ;. AR 57
Fig.1 Microscopic morphology of Cu-MOF ;) and Cu-
MOF

2.1.2  fhEEgE

Kl 2 J& Cu-MOF pyp, Fl Cu-MOF g, 1) XRD i
. Cu-MOF g, 77 HITE 26=7.16°(200) 9.81°(220)+
12.04°(222) 13.9°(300)4b Hi B T RFAE AT 4 0, 1X
LU AT 5 Cu-MOF oy, A S SCHR AR E ) Cu-MOF ]
XRD i & 52 4 VL FCM,  GF A 7E PEG i Zh &k 7
FAFRE A 4579 1) Cu-MOF #4} .

26/°

E2 Cu-MOF 1 Cu-MOF ;i XRD &[]
Fig.2 XRD patterns of Cu-MOF ,,,,, and Cu-MOF ;.
2.2 Cu-MOF/PEG/DW [T 5 4514

DW. PEG/DW il Cu-MOF/PEG/DW [{ 1 1] i
55z O s an € 3 fros . B 3a v &1, DW
BAFEMIREN, XFh 2 fLLE A A R
IR BTHE R SR A T B AR AR, P 3b A 3e
ATLUE Y, PEG/DW B A1 5% ) T % DW #5E
NI, WAAEFLLER, XU PEG IR i 45 78 A%
BRI . Cu-MOF/PEG/DW W # L B 2 #% Cu-
MOF/PEG 7843378, (HR M H1%H PEG/DW “F#
(B 3c AT 30 . X & F 2 Cu-MOF/PEG H &% K
5 [1) Cu-MOF g, it PR FIRL S JL ] 544, PEG [# 1k
Je TR T ROV RS R FOAS R DU (1) SRR E

MEEIE K (B 4) 7T LLEH, Cu-MOF/PEG/
DW EEHC. O. N. CulUfhcEM, HED
BN 51.57% 40.99%. 2.71% F14.74%. P 4e
F W, Cujt & Cu-MOF/PEG/DW 4y i ¥4 57,
AP EER . CuJtEAE Cu-MOF pp IRFE TG
#, XKW Cu-MOF ppe, IR TR T AMHF, H
TEAM P KA B RIS
2.3 Cu-MOF/PEG/DW [

PEG/DW #11 Cu-MOF/PEG/DW [¥] DSC Hi £& il
5Ft7~ . PEG/DW ¥ 45 i Al Rl #4068 18 53 il My
120.9 J/g A1 124.4 J/g, 1fi Cu-MOF/PEG/DW N
108.8 J/g #1 113.5 J/g, ¥ PEG/DW 43 5l & % 1
13.2% F112.3%. JE R EZEH W M, — & Cu-
MOF o, & B A B A 3 RE T, HAR N ARARAR 5y
FEAIC TR R P PEG i &0 3 — 2R id ek
53 Cu-MOF o [A] 5E F50RL P B8 3% JE A A1 LB, A
Cu-MOF/PEG/DW 1§ 8 2 I Z J /b (P<0.05), 1
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(a) DW

= 506.@

¥ aboc MRV, dve A5Z DI -

E3 DW. PEG/DW Fl Cu-MOF/PEG/DW R4 ¥ 5541 B AL 57
Fig.3 Microscopic morphology of DW, PEG/DW, and Cu-MOF/PEG/DW
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Fig.4 Element distribution of Cu-MOF/PEG/DW

#1418 H PEG/DW 1] (178.4+5.1) % &K=
Cu-MOF/PEG/DW ] (142.8+3.1) %. BRHEE L
4b, Cu-MOF/PEG/DW ) #H 7% I & % PEG/DW I
AR, 25 SR A Rl A AR IR B 23 IR T 1.7 °C
f1.3°C, X—MEIHET Cu-MOF 4 1 PEG 73 [1]
A EAEF, Cu-MOF 40 %t PEG 43 ¥ 55 BLIZ 5l 1)
FRLIAE I BRARR 1 &5 i S I Al 26, T 5 S0
75 et P X [) R AR 7 A1, 2% F, Cu-MOF/
PEG/DW [ #8ké A AR AR iR B FRAR /N, B4
P05 AR AR it FARE 121

Kl 6 5y DW. PEG/DW #l Cu-MOF/PEG/DW 7E
80 CCHNFIALAF NI s #E . M ] DLA &,
B, DW R E LR, 30 stk
80 °C. iff PEG/DW Al Cu-MOF/PEG/DW & [ i J&
AL A X BN SN2 . R & PEG/DW, LR TH

g/ (Jgd
r

——PEG/DW

Cu-MOF/PEG/DW
0 10 20 30 40 50 60 70
i & /°C

&5 PEG/DW #1 Cu-MOF/PEG/DW i DSC fhk
Fig.5 DSC curves of PEG/DW and Cu-MOF/PEG/DW

A F) 80 °CFHE 2 100 5. X FEH & T H AN
PEG I #EH, 75 Id 2 4 PEG fgd id A 4
WSR3 T ek KK IR B 22, Cu-MOF/
PEG/DW 4 K& PEG, {HFHEF ] PEG/DW
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Fig.6 Infrared thermal images of DW,PEG/DW #1 Cu-
MOF/PEG/DW

WA T 35 s IR MERE PEG/DW B T T . T H:
JRE, FEZK N Cu-MOF/PEG/DW 1 8 % | [%,
SEAIE KT PEG/DW, it HARE1IR55; Ak,
Cu-MOF g FEAR M N FB I 53 438, A T H otk
SERAR, AT B S R . X — R XS
KRB EEME, KKYIM, Cu-MOF/
PEG/DW 1] J ik PR3t #mm B R AGE B 2N
i, ARAE PEG B 53 2 AHAR IR HA, e S kLR T
TR = gl R, SN R ORI K K LT
AR R
2.4 Cu-MOF/PEG/DW 1] FELERHIAPE B

7 4 DW. PEG/DW A1 Cu-MOF/PEG/DW ]
LOI. fR#E GB/T 2406 (A F8E0EN EBRIEAT N,
LOI<21% J& T G M L, 21%<LOI<26% N 7] %%
ML, LOI>26% N ik 2 X A # KL AR #E . DW (1)
LOI N 21.4%, J& v #A# kL. PEG/DW [ LOI 4 %
17.1%, BN KR B0 2 A kL. Cu-MOF/
PEG/DW f] LOI#& T+ % 22.2%, % PEG/DW &7} 1
29.82% (P<<0.05), FHMAYERETSEIE . HIHMARL
B 2 T VE T Cu-MOF g, 1) W E {E FH , Cu-
MOF o, A% 5 B & MERRFEVE, TERRRR I RE P A5 78
AR A ELE R AL, Cu-MOF g ITIE
THREFRM N A%, {2 PEG T 50 # A
AR R G, IR B B ) RN BRI T Cu-

MOF/PEG/DW [FJ )58 XU

2! 4 222

DW  PEG/DW Cu-MOF/PEG/DW
WA

&7 DW.PEG/DW 1 Cu-MOF/PEG/DW IR IR F 353
Fig.7 LOI of DW, PEG/DW and Cu-MOF/PEG/DW

0s 10s Z_IJs 30s

8 PEG/DW Fl Cu-MOF/PEG/DW HJ#4K%ix
Fig.8 Combustion test of PEG/DW and Cu-MOF/PEG/
DW

PEG/DW 5 Cu-MOF/PEG/DW Ff] 52 i #8 J5¢ il
R 8 frvr . SLHG /R, PEG/DW 7E K 10 s )5
MIEGIBE, IR R IRE Z L. B 5
KJfJG, PEG/DWITERAKE, B %30 sy A fiAke
JR . MIEEZ N, Cu-MOF/PEG/DW 7EAH A 51 A%
PR R R ARSI e, BB 51 KIE S A8 AT
FEK, BEBRBERMTEILR . IXF ¥ Cu-MOF 4 B
AT Cu-MOF/PEG/DW {1 FHBRYEfE -

PEG/DW 5 Cu-MOF/PEG/DW ] 4k T & 4 ]
R R 9 AP 10 Fror

M 9aml LA i, PEG/DW 1 Cu-MOF/PEG/
DW [ R OE 2 i R A P AN, Ui 2
P PO BRIGE B B o 19 38 B — AN Ve 1Y) o P R Ao B
BEAR 3, X RMEHERTH AR MR R B BT S
PEG/DW # B JEOH %8 I Hh I AE 55 — AN, Oy
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1000
a —— PEG/DW 604 b

NE 800 Cu-MOF/PEG/DW gg 50

Z 6001 = 40

o i 30

a9 4001 0

¥ 200+ o

& # 10 —— PEG/DW

04 0l Cu-MOF/PEG/DW
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At /s

B8] /s

E9 PEG/DW # Cu-MOF/PEG/DW KIHFEHUREE (a) MR 2 (b)
Fig.9 Heat release rate (a) and total heat release (b) of PEG/DW and Cu-MOF/PEG/DW

6x1073
a ——PEG/DW 0.251
. 5x1071 Cu-MOF/PEG/DW
N\m e« 0.204
E 4x107%1 &
o = o 0.15 1
%j 3x1073 0
5 <
3 £ 0.101
fﬁ 2x1073 i
o 20.05-
-;'_L- ) " ‘.l.‘ r
0 v-—-vgl 0.001
0 100 200 300 400 500 600 0 100 200 300 400 500 600
B 8] /s B 8] /s
.
201 ¢ i e —EE%%\;]/PEG/DW
> Cu-MOF/PEG/DW | 2 1.2x107% .
2 21.0x10721
j;; f;gs.ouo*»‘-
e} = -3 ]
x & 6.0x10
i Q© 4.0x1071
S o
© 2.0x1073
0.0+ — : — |
0 100 200 300 400 500 600
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B 8] /s

B 1] /s

E10 PEG/DW 1 Cu-MOF/PEG/DW HXRRE KN 45 R
Fig.10 Smoke release test results of PEG/DW and Cu-MOF/PEG/DW

898.98 kW/m?, iX & H N PEG Ak FH UM . PEG
J& T G EA kL, B 51 RS = B B TR B #vE
FIELZ T, Cu-MOF/PEG/DW ) HAVRE 0 R A1 4
JE AL N 680.07 kW/m?, 5 PEG/DW F& 1K T 24.4%,
S PR R [ 52 49.98 MI/m?, R % T 17.0%. 1
JE PR — J7 T & H1 T Cu-MOF/PEG/DW 3 5 3 | [%,
SECLAEL S RS PEG 1 & BAERFEIG: 5—
75 THi A& K N Cu-MOF g, B8 i A6 A K T 1 ] 1 2%

JEP, A R A IR R I (1 B R AT R A
FA% PEG AR

SR JRURR PR 2 VAN MDRHIE R 5 2 e )
HIEEFR. PEG/DW 5 Cu-MOF/PEG/DW ] il F%
T 45 w10 AT 7R« Cu-MOF/PEG/DW )
PRI AR S B39 15 B 2481k, PEG/DW
£ 600 s LR O 55, B R 214 0.24 m?.
I Cu-MOF/PEG/DW X 1£ 50 s WA MR AT A, H
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SRR UG 28 0.02 m?, 3 PEG/DW [ T 91.7%.
IXAANAF 25T Cu-MOF e, AL BROR PE F AT 2K
FELBG T 45 R PEMR % s B Cu-MOF g B A
e LR T AR A S FLBR L, A ad o 4 3 R B AR P
R 530 25 ki, i — 8 FEIK Cu-MOF/PEG/DW
)RR T 5

Cu-MOF/PEG/DW ff] CO » F¥ {3 3 1§ {f M
PEG/DW 1] 1.85 g/s B# % 1.37 g/s, %1% 25.9%; CO
TR JHHE 2R IEMH M 0.0136 /s TEF% 5 0.0046 g/s, P
66%. BRBEPIIH (150 s ), Cu-MOF/PEG/DW [¥]
CO BEHUENE = T PEG/DW. iX /& 1 F Cu-MOF 4y,
IR Cu TC R ML AR AL FIPEG KA #ii,  #Reni v
RIR M N RMEA T4, S CO B B s E 5
o (BAERRBEF 51, Cu-MOF/PEG/DW ] CO %
JTE R R s ) B W BE G . — & A Cu-
MOF i, I FL G5 M TE 1R B X CO 43 F = A i B 1k
Wb s =& K Cu o &R B AL S8 A AR AR £ CO
1] COF5 402, 25 EFTIR, Cu-MOF o ANUIE I 4
VR I8 S BRI AR SR I &, 3 e 50D
#FCOMAER, RKIETHT Cu-MOF/PEG/DW KK
e e

3 &g

(1) PEG2000 1] & £ A% 48 A HL % 75 52 1 Cu-
MOF ) 55 04 > Cu-MOF e, 110 i 4 45 A4 LU
PREETEEI, WM. KRR 4585 Cu-
MOF i fH L TE 2 57 o 38132 15 Cu-MOF/PEG i
il & 1 BE A AH AL i e R 44 (Cu-MOF/PEG/DW) ,
Cu-MOF/PEG 7 4 3B 78 T Cu-MOF/PEG/DW P i
FLBR, HAEARM P EARKAERRISR .

(2) H1F Cu-MOF/PEG/DW [{] 1 8 K Lt PEG/
DW {£35.6% (P<0.05), Cu-MOF/PEG/DW [{] 4% il
gl RIS ARG REAM (PEG/DW) 730l
B 13.2% A1112.3%, EATS AT DAY & AH AL it e AR 44 %
WP REMIFEAR TR . BhAh, 83T Cut R
I\, RIETHEEE R PEG/DW 2T 1 35, A
TR T R AL 3 2 YR

(3) Cu-MOF/PEG/DW [t 1 B %5 45 £ #; PEG/
DW 27+ 7 29.8% (P<<0.05), #Rbeid 2 I ik
WE, HBEIF5IKIGERRBATIE R, 5T Cu-

MOF g, HI A AX 18 2% A FH LA B2 i bl 2% T AR A0 L B
J, Cu-MOF/PEG/DW M # B il M & F R T
17.0%, MRS & FRAK T 91.7%;
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