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CHF AR AR R 24 2 SR TR 24 B, #RYIALM 311300)

THE: At TR AMAEZAT AT KRIEERA, 4334 8AMIESR (metal-organic
frameworks, MOFs) AR T MAPES#. HEAR., ZRARKARLEEEM, R—FH LA T4
T I~ Ji 6 MOFs % § & s %, A% C =8 (polyethylene glycol, PEG) 2000 R 4k H A& %
F A4l & # , K MOFs 49 & Ao it 265 = A —, %1% Cu-MOF/PEG. %%l A PEG2000 #= Cu-MOF/PEG
#Zix 4K (Ochroma lagopus) A#, 3R LG AM (PEG/DW) A=fBlk48 L 54 A+ (Cu-MOF/PEG/DW) .,
4% %9, Cu-MOF £ PEG ¥ s % & m%, Cu-MOF/PEG #yshth2E#), k2 @fM 5K MEAEFIN, N-Z 7L F
Bl (N, N-Dimethylformamide, DMF) & % & m#9 Cu-MOF ., —#; PEG2000 #» Cu-MOF/PEG ¥ f¢ A 24 1
A# I, Cut® £ Cu-MOF/PEG/DW # 47 34 4 . ¥ T Cu-MOF/PEG/DW # 3% & % 1k PEG/DW % 1& 35.6%
(P<0.05), Cu-MOF/PEG/DW #)%5 fkfe 45 o S E A AK £ 113.5 J/g 42 108.8 J/g, 45 dhA=ls ak e 48 T I8 B A1 FE 1K
1.7°CH#13°C, #HhfiftTRBETALE ), MASERFOMEMARY;, HETEERKLFH
Cu-MOF/PEG/DW 4 & # i i 18] 2 PEG/DW R ¥ T 35 s 8 F Cu 7T F R A HLBLAR A FAL B 69 1 ] B A el 45
A, Cu-MOF/PEG/DW #9 #L IR £ 45 %0 22 PEG/DW #2 41 29.8% (P<<0.05); %A & HAL600 s WX FH A, H#
BREZETHE1T%, MBREZEIKIL.7%, BRRALAEALL, FF7 IR MOFs 548 % % A R M xfe vAdy s 449
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Polyethylene Glycol-Mediated Synthesis of Cu-MOF and Its Flame-Retardant
Mechanism on Phase Change Energy Storage Wood
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Abstract: This study proposed a new metal-organic frameworks (MOFs) synthesis strategy based on
phase change media to solve the fire hazards associated with phase change energy storage wood in
building applications and address challenges such as poor dispersibility, aggregation tendency, and

ineffective impregnation modification of MOFs in phase change materials. 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 were integrated into a single process, enabling the preparation of Cu-MOF/PEG.
Ochroma lagopus was then impregnated with PEG 2000 and Cu-MOF/PEG to produce phase change
energy storage wood (PEG/DW) and flame-retardant phase change energy storage wood
(Cu-MOF/PEG/DW), respectively. Results showed that Cu-MOF was successfully synthesized
within PEG, exhibiting well-defined crystalline structures, with particle size and morphology
consistent with Cu-MOF synthesized using the conventional solvent N,N-dimethylformamide. Both
PEG 2000 and Cu-MOF/PEG were effectively filled into wood pores, and copper elements were
uniformly distributed in Cu-MOF/PEG/DW. Due to the 35.6% lower weight gain rate of
Cu-MOF/PEG/DW than PEG/DW, the melting and crystallization enthalpies decreased to 113.5 and
108.8 J/g, respectively, and the crystallization and melting temperatures decreased by 1.7 °C and
1.3 °C, respectively. The slight decrease in enthalpy and phase transition temperature indicated that
Cu-MOF/PEG/DW still exhibited excellent phase change heat storage capacity. The lower weight
gain also reduced the surface heating time by 35 s compared with PEG/DW. In addition, the
synergistic flame-retardant and smoke-suppressing effects of Cu and nitrogen-containing groups in
organic ligands increased the limiting oxygen index (LOI) of Cu-MOF/PEG/DW by 29.8%
(P<<0.05). During the 600 s cone calorimeter test, the total heat release decreased by 17%, total
smoke release reduced by 91.7%, and no dripping occurred during combustion. This research
overcame the technical barrier of efficiently combining MOFs with phase change energy storage
wood, offering a new method for developing green, energy-efficient building materials with
excellent thermal storage performance and enhanced fire safety.

Key words: metal-organic frameworks; polyethylene glycol; phase-change energy storage wood; flame

retardancy; limiting oxygen index
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S PR 23 KA RS, T AR A B AT — 58 11 K R AR,
X E 2 7 ARG BE AR A B SEBR M . PR
A BT AHAE B RE AN (1) BELATE R0 0 2P,

% J& A HLAE 22 (metal-organic frameworks,
MOFs) =& —Fl i< J& B 1 56 WAL & P A T8 B
A HL-TEHL A A AT RES,  FA HILIC A4 30 45 7 196
BAEMRAE R, 8 51 W e A 4% 8 A0 RO M e
HIHSAERT, MOFs it B fLIR R &, EER I
REFRE R, IX A HAE A BELA 7 T B A AhoRs (A
P —RCRUL, MOFs FIARMMIE AT XEEAW
Fft, —72¥ MOFs & e 4l f5 Be i SO i, AR
MBATIR ALY K& B MOFs ) A SR 1R
NARME, A HAE AR FLBR &5 0 o J A A K0 4R
1M, BL RS S 3 AN id F T A A2 1 BE A A4 11 L

MRV . 47K MOFs 5 08 M BHEC IR BT, 23 ]
AHAE MR B R I K S BU™ B RURL A1, AT AE
R I FEARM LI, S et RUR . AR
A B AL AR G MOFs, X255 5 A BR 1Y it gg ==
B, FEHAAERER KR TS A, RS
MOFs & AR A WA, 52k, 1Raiss
T BN E B,

BT FIAMERE, ZEF P — BRI T AHAR S A
MOFs 5 3 & B 5K B% . & R Fl H R & = B
(polyethylene glycol, PEG) 1E A B 711 M2 41 A%
Boohl & P Z E Sk (Cu-MOF/PEG),
FIHHE R BEEA (Ochroma lagopus) K, K15
BEL A AHAZ i BEA A (Cu-MOF/PEG/DW) . 7t B
TEAR AL B MOFs il & L E R 44 7 S HEali R X A
HAEFHA M RL R 43 BOME 22 1 R, SR MOFs 15 40
ARt REAHI HME LA = R A B
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1 #MR5R%
1.1 5K

BASTHERNO0.12 g/em?®, W EHMEMIEAT .
il 2 FLA% 24 1000 mmx100 mmx3 mm  CHlf 1] x 5%
[ERFEACIDEEF ¥ =955 8

—IKAE MR (Cu(NO,),-3H,0) . A A
(NaOH). WHiFE4N (Na,SOy) . EZ —E (PEG)
2000, ¥JZE=F (CH,(COOH), . T MZN,N-
T HEFERE (CHNO), SME.

1.2 FERK &

g 77 8 FE %% (RCT Basic) « H %5 T 1§ 44
(DHG-9245A) . A1 BiE (SU8010) .
X 5 R AT B (XRD-6100) < 22 7% 33 3 & $ X
(Q2000) ZLAMARUEAY (UTi320E) . AFEE0 &
1 (JE-3). H#EEE#HX (VOUCH 6810,

1.3 I

1.3.1 Cu-MOF il % %4t Cu-MOF il % 77 %
SHE R 15, 1EAXTIE . K 13.36 mmol = /K & i
B2 4 % i T 50 mL N, N- . H & H b %
(N, N-Dimethylformamide, DMF) H it il 75 7 A
73#4 8.42 mmol #J7K = H R IE# T 50 mL DMF H145
FNEW B KB A BT IIAEE B, £E 80 °C
KB THE2h. AHERREHE 2L &
OUSEETEAITIE, £ DMF L3 K, 80 CEZET
24 WA O KR, KN Cu-MOF pyp 0

PAPEG 1E A J N2 711) e AH A% B TG il 8 Cu-MOF
()77 3%, DN Al TISE 56 B AL BT A9 . K 25 mL
PEG2000 & T 80 °C/K A 26 11F T i &2 58 & 154k N
WA, 2B 10.9 mmol = /K& RHERH, Wi
HEZWREFE LI, BEBRC FFE, #
80 °C/KIR &M T, 4 6.81 mmol 7K = HI R $E 1%
T°25 mL PEG2000 1, 1M D. RIEHK C 2218 m
ANBEW D, 80 °CHiFE 12 h, 3K1F Cu-MOF/PEG.
BT (G UTIE, I DMF UEI 31K, 480 °CE
THEE240REECR R, HTRMB T2
(scanning electron microscope, SEM) Ak,

1.3.2 HAMEREARM PG % KR AE T Na,SO,
(0.4 mol/L) A1 NaOH (2.5 mol/L) ]I & ¥ W
(1500 mL) "2 hAbEE 12 h, 2B FKRKEX.
EPe, BMAREAKM (delignified wood, DW) .

¥ DW 12 % T 250 mL PEG2000 B}, Cu-MOF/PEG
Hi, fE£85°C. —0.1 MPa % f N H %125 30 min;
B J5 % NINEIR 530, 7685 °C 0.5 MPaJt /7 N4k
P30 min. BJ5, KRB 2 BT THA, &
60 °C T )& & Jo it i & A=, BD 43 AH A2 fif B A M
(PEG/DW) 8 [H & M & & & K #
(Cu-MOF/PEG/DW) .
1.4 HEERIE
141 2K FRAE A SEM X Cu-MOF 5 M1
Cu-MOF/PEG ] ¥3 K BL & DW. PEG/DW.
Cu-MOF/PEG/DW WIRE VI TH . 52 VI TH#EAT WS, IF
HEAT B 1 1315 38 19 Cu-MOF/PEG/DW [ 7T 3 4H B
J oy Ao AR X 5 26 AT ALK Cu-MOF gy, Fil
Cu-MOF/PEG () iy 4 25 ¥ i 47 70 My, 46 A 2
5°~60°, FFIEEST 2° /min. FELLINR 1 AMFRES .
142 MWHEZX DWAERTTEMPLT, BRI
WRE; RERFETREEEE, HIRKEE.
THEBRGERESVIRREZ %2, ZHEKRUYIH
ik, EPfSRGER, AN 6 MEM, 4RI
A
143 AHERERAE R Z R B3 & AR
PEG/DW. Cu-MOF/PEG/DW 1 #fE 11, A& HaHK
B (5+0.2) mg ¥y ARFE i T3 AR T . R AR
SARYT, THIEE 2 5 °C/min, IR IR FE X 8] 0~
80 °C, AR 1 AL . R LA BUE 0GR
X PEG/DW. Cu-MOF/PEG/DW 7 IN#3AE: K (3%
TR AR E B, K FE BT 80 cCEIR In#AEA I,
SERFESE 100 s YRR .
1.4.4  BABEIERERAE SR A S 48 B0l e 0] Bt
PEG/DW. Cu-MOF/PEG/DW i # f) 1 IR 42 45 %
(limiting oxygen index, LOI), &EZHME 6 MM
PR AR R T A A 100 mmx6.5 mmx>3 mm (il [A] %
SZIAAR A, FFHEE B RACHEATBRREME RR K,
PRSIy 50 kW/m?, BRI 1 ANRE fh
1.5 ko

{55 Y SPSS B A EAT s 0 iy . SRR R T7
7 /¢ M1 (analysis of variance, ANOVA) ¥ &
PEG/DW #1 Cu-MOF/PEG/DW P 41 2 [a] 1 £ & A1
RS 2R B . BIEGHiTi% e 95%
BEAT, BB KT a=0.05.
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2.1 Cu-MOF I B30 54k 2 5544 < -
211 B Cu-MOF gy Fil Cu-MOF/PEG % _glg 2
STIT 3

¥ BRI AR, HAOWESE 1 s .
Cu-MOF/PEG J& B H AN LU 1) 2 AR 45 4,k
WORL 2 R AR A B34, RL4% 4 200~500 nm.
Cu-MOF/PEG T 35 45 11 FlkE 4% 5 4% 45 07 3 4 )
Cu-MOF 30", H SR RER A F . X 32
A PEG #ERCK, FHAT Cu-MOF/PEG i 14 i
WL B E), AT SR AL A,

a Cu-MOF 1, b Cu-MOF/PEG

1 Cu-MOF,,,,#1 Cu-MOF/PEG KI M 57
Fig.1 Microscopic morphology of Cu-MOF ,,,, and
Cu-MOF/PEG

212 b 45K XRD % Bt E 2 B os .
Cu-MOF/PEG 43 %l £ 20 =7.16° (200). 9.81° (220)-
12.04° (222)+ 13.9° (300)4b t BURFAEAT 4 UG , dx Ll
37 5 Cu-MOF gy BL S SCHR I IE () Cu-MOF ] XRD
W5 4 UL, IEBITE PEG S h & R CE A bRt
fn R S5 F4 ) Cu-MOF #1 kL .

(b) REG/DW -

(d) DW. () PEG/DW

¢
=
C (

\ Cu-MOF/PEG

CERSEEY VRN

JJJJMJ H CU-MOF(DMF)
10 20 30 40 50 60
20/C° )

2 Cu-MOF,,,, 1 Cu-MOF/PEG KJ XRD %[
Fig.2  XRD patterns of Cu-MOF 4, and Cu-MOF/PEG

2.2 Cu-MOF/PEG/DW T3 454

DW. PEG/DW Fl Cu-MOF/PEG/DW ] ## 1] i
5z PR 3 fias. HE3anH, DW
BAEFEMILRGN, X2 L4 AR M )
R AR SR AL T AR 1 3R, 1] 3b R ] 3e i
7, PEG/DW [ ) T A1 5% VI T 4 DW #5563
Ut ] PEG ¥ 151 3 78 2 R R #F . Cu-MOF/PEG/DW
A &6 FL R 1 4 Cu-MOF/PEG 78703 78, (HE A
U1 PEG/DW “F % (& 3¢ f1 3D . XEF N
Cu-MOF/PEG i P& Jkr F 3 [41 5 A [8 44 J5 T BB
UGS ER AN R U] £ 66 R AR A

, ‘(g)f,éi}@bf/PEG(Dw

| Cu-MOF/PEG

© 200 pm

\.__* -

——

\""'

\1 Cu-MOF/PEG
Ha b ARV, de fATZ VI -

3 DW. PEG/DW Fl Cu-MOF/PEG/DW HI{ M 55
Fig.3 Microscopic morphology of DW, PEG/DW, and Cu-MOF/PEG/DW

200 pm
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K] 4 .78 Cu-MOF/PEG/DW [ JG & 40 A, 7] A
& tH Cu-MOF/PEG/DW £ E 1 C. O. N, CulU#h
LR MR, iR H 0 0 R 51.57% 40.99%-
2.71% f14.74%. Cu G % fE Cu-MOF/PEG/DW 14y

e, HEHERMERERE., Cux &2
Cu-MOF/PEG I FHiE Tt 2, X & ] Cu-MOF/PEG
IR AN ARM A, BAEARM W38 KA &
IR R E

T agn R B B s bee 20 BN CLO N Cu JG 40 A B FHURE A o

4 Cu-MOF/PEG/DWHITTLES
Fig.4 Element distribution of Cu-MOF/PEG/DW

2.3 Cu-MOF/PEG/DW [ #/1: g

PEG/DW A1 Cu-MOF/PEG/DW f{] DSC i £& 41
KI5 7~ . PEG/DW [ 45 dit 48 Bl RS A 7 0 R
120.9. 124.4 J/g, 1 Cu-MOF/PEG/DW [ 43 5l A
108.8. 113.5 J/g, % PEG/DW % %l N [% 13.2% Al
12.3%. JEK FZAHWITIH: — 52 Cu-MOF A& £ A
B A&MIGE T, HARNARARAE o BRI T Rk &R
PEG ) R & 7 #t:, — 2B Fd & s
Cu-MOF/PEG [ 5 Ji ki v] g 3% ZE R M FL B, ff
Cu-MOF/PEG/DW 3 # % 2 3 i /> (P<0.05), 1
#H R 148 H PEG/DW [ (178.4+5.1) %[&K =
Cu-MOF/PEG/DW [f] (142.8+3.1) % . & # I8 1E
4b, Cu-MOF/PEG/DW ) #H 7% Jii F£ %t PEG/DW B
B BRAR, 25 Sh AT Rl R AH AR U B2 43 I IS 1 1.7 °C
F1.3°C, X—IRIET Cu-MOF 1 PEG 431 [H )
FIHAER, Cu-MOF X} PEG 43 755 Bz 5 () PR 11 E
MR T H4 f S a RS, BOmn S SO R E
(X 8] [\ % W& 77 ) A0, 28 |, Cu-MOF/PEG/
DW [ &R (i AR AR i P B AR LN, AT B L e 1
FHAR f FARE F12,

H#ox/ J-g)
f

——PEG/DW
—— Cu-MOF/PEG/DW

0 10 20 30 40 50 60 70
BE/C
5 PEG/DW F1 Cu-MOF/PEG/DW B DSC Bh%k
Fig.5 DSC curves of PEG/DW and Cu-MOF/PEG/DW

6 N4 DW. PEG/DW #ll Cu-MOF/PEG/DW 7E
80 °CHNFAS M T ILLANHAZ I . I ET 6 H ] BLEA
BFE M, DW RIHRELER, 30 sk 3
80 °C. 1 PEG/DW Fll Cu-MOF/PEG/DW % [fii I, i
AN AR BN 4% . R 2 PEG/DW, R T
R EEIEF| 80 °C T E 100 s, X F EAG 5 T H A
PEG [ fig #AER , 7EHIRIE 2 4 PEG A& i i A A%
U N == G T P v [T S A5 g AT e LN
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0°C 251
214 D222
e
. 207
= 17.1
§ 151
g 10-
=
50 C 5
0
DW PEG/DW Cu-MOF/PEG/DW
R
&7 DW.PEG/DW 1 Cu-MOF/PEG/DW IR PR F 353
Fig.7 LOI of DW, PEG/DW and Cu-MOF/PEG/DW
100 C

Cu-MOF/
D PE
W G/bw PEG/DW

6 DW.PEG/DW #1 Cu-MOF/PEG/DW HILT SNk 1%
Fig.6 Infrared thermal images of DW, PEG/DW and
Cu-MOF/PEG/DW

Cu-MOF/PEG/DW 54 K& PEG, {H T I (] 4L
PEG/DW /> 35 s, ¥ i VE e PEG/DW 4 i
o FUHJER, & E & Cu-MOF/PEG/DW 1 5 %
T, SEHSEEMT PEG/DW, fifHEE 11059 .
UeAh, Cu R HIIIN AT 5 B0 B . iX
—HEMEXS KRk e B EEANME: KR,
Cu-MOF/PEG/DW H] i it (R s i 7 f6 2 [ v i i
RN, A PEG 3 5 E S A AR R A, 8 b
Rk 1 I R O v SRR, N SRRSO W K K
G ORI 8] 2 1 o
2.4 Cu-MOE/PEG/DW ] FELERHI A 12 B

7 4 DW. PEG/DW Al Cu-MOF/PEG/DW ]
LOI Mk &5 8 . AR 4 GB/T 2406.2—2009 (¥4 k|
AR ECE N E RRAT N B 2804y EiRIAR),
LOI<21% J& T G M L, 21%<LOI<26% A 7] %%
MR, LOI>26% M & T A F kL. DW B LOI A
21.4%, PEG/DW [ LOI B % 17.1%, 1
Cu-MOF/PEG/DW ] LOI #& T+ & 222%, &
PEG/DW 271 1 29.82% (P<<0.05), FHBRPEARELS
F| 3%, Cu-MOF/PEG/DW FHLIAE BE$2 THI8 T Cu-
MOF/PEG KX EAE ], Cu-MOF/PEG A & H % %t
BRARFIE, FERR RS TR Hh B 35 75 R 2R 1 % e 4 22
J5# 2 Cu-MOF/PEG I #4 & 7 AR #F P A% 38
A% PEG B FL I FAAH AR, 3 Foft b [R) 25007 B T
Cu-MOF/PEG/DW H#A%E X% o

PEG/DW 5 Cu-MOF/PEG/DW K 3 B #A o il
WK 8 Fion. LR ~, PEG/DW TE K10 s 5
MRS, KIAIRRE SR IR £ e . BT 51
KIéJE, PEG/DWABTERARE, E %30 s I ARk
R, HELZ N, Cu-MOF/PEG/DW 7£A4H A 5| ¥k %%
PER R R AFRSR B, HEIF 51K IE ) 68 5 AT
K, TR & LS . 1XUE B Cu-MOF/PEG fE
HRERTF Cu-MOF/PEG/DW I FH A1 RE .

0s 10s 20 s 30s

8 PEG/DW F Cu-MOF/PEG/DW KJRRKE IR,
Fig.8 Combustion test of PEG/DW and
Cu-MOF/PEG/DW

PEG/DW 4 Cu-MOF/PEG/DW K J& & #4
R a9 A 10 Fror

K9 .7, PEG/DW Al Cu-MOF/PEG/DW ] #
TR T 26 il 26 250 AN U, U0 B R A AR
HPRBEWT BL . P B8 — AN ) e BE AN AL B e AR —
H, XRARMBRBETIFTE. PEG/DW 1 #BE T
HORIE(E HBIESE A&, H898.98 kW/m?, X2
H N PEGAE S EU . PEG B T AR,
SIME B BERKERE. HILZ T,
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1000
a —— PEG/DW 6071 b
~.§ 800 1 —— Cu-MOF/PEG/DW E 50
E 600 S 40
~ N
ﬁ;g 400 o 30}
& K 201
%ﬁ 200 1 e PEG/DW
F % 101 Cu-MOF/PEG/DW
(\E 0-

0 100 200 300 400 500 600
i /s

0 100 200 300 400 500 600 700
i 1E] /s

9 PEG/DW F1 Cu-MOF/PEG/DW HIAFERURZE (a) FIAEREE (b)
Fig.9 Heat release rate (a) and total heat release (b) of PEG/DW and Cu-MOF/PEG/DW

0.006
a
—PEG/DW

0005 —— Cu-MOF/PEG/DW
0,004
£
% 0003
§ 0.002 -
.q.
0.001 1

0.000 1

0 100 200 300 400 500 600
i 18] /s
201 € ——PEG/DW
—— Cu-MOF/PEG/DW

% 151
o
# 10
=
051
S
QO

0.0 1

0 100 200 300 400 500 600

B A /s

0.251| — PEG/DW
— Cu-MOF/PEG/DW

0.201

<
=
)

B B E/m?
=
=

0.05 1
0.004

0 100 200 300 400 500 600

i /s

1414 — PEG/DW

121 — Cu-MOF/PEG/DW
o
£ s
w61
=
w4
S 2

0+

0 100 200 300 400 500 600
B[] /s

10 PEG/DW #1 Cu-MOF/PEG/DW EYtEFE UMK 45 R
Fig.10 Smoke release test results of PEG/DW and Cu-MOF/PEG/DW

Cu-MOF/PEG/DW 1] F4 B T ol 28 U {5 5 B2 A Ky
680.07 kW/m?, % PEG/DW [%11% 24.4%, & HBL
B PF AR 49.98 MI/m?, R B 17.0%. LR K — U7 1
/& Cu-MOF/PEG/DW M s R T [%, SHILANE S
BA4H 43 PEG I & & A 0 BRI s 55 — 77 T 42 Cu-
MOF/PEG R fi A AR T il [ 1K o 502, A7 25 b 4
BRJpe i FE A B BRI TR ME SR, BRI PEG 7K
ERSE .

SR TR PR VAN SR R S 2 A PE )
HE R bR . WE 10 FT7x, Cu-MOF/PEG/DW [/
T TIOHE AR i s B Y W A0 4k . PEG/DW 7E
600 s NHFFEERETBUM 55, MR 14 0.24 m?. 1]
Cu-MOF/PEG/DW {X 7 50 s WA B A7, HH
B RUE AN 0.02 m?, % PEG/DW [&1 91.7%. X
% 71 T Cu-MOF/PEG i A B AE FH . A8 2 BH B
PRV, [F I Cu-MOF/PEG B A & b %
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T AR AT i LR AT, ok 4 B O B P 30 40 A
R, HE— 25 £k Cu-MOF/PEG/DW ) fiHl B¢
TR

Cu-MOF/PEG/DW [ CO, B Jil i 2 & ff I\
PEG/DW [{] 1.85 /s &% 1.37 g/s, 4108 25.9%; CO
PRI ARG N 13.6 mg/s B8 % & 4.6 me/s, FEIR
66%. TEBRERIH] (150 s 4D, Cu-MOF/PEG/DW ]
CO B i & 1% = T PEG/DW. X 4 i T Cu-MOF/
PEG H1 [ Cu TG R A FI PEG K AE #fil, BRJ%
AR 25 F A €4, FECO BRI B E
e HIEBREETEIH, Cu-MOF/PEG/DW [#) CO
B EREMBERENHEEMK. —2FA
Cu-MOF/PEG [ fLZ5 M 1E =i B X CO 73 = AL ik
PEVEMR B 2 PR Cu o K 1 Ak S A0 1 (2 e
CO 7] CO, # 4™, 25 FFri&, Cu-MOF/PEG A Y
T R I IS B AU R B I, IR BB AR
> CO A, $#2 T Cu-MOF/PEG/DW ‘K K %
E L

3 &g

1) PEG2000 1] ZARAL G A ML FIN, N-— H A&
B i S B Cu-MOF = 36 %,  Cu-MOF/PEG 1)
mn B A5 R AL 22 25 K 5 Cu-MOF o A0 HE TG
Z 5. iR Cu-MOF/PEG B I 1] 4% LA AH A%
it B A4 (Cu-MOF/PEG/DW) . Cu-MOF/PEG 7¢
43I 78 Cu-MOF/PEG/DW W B FLFE, H7EARM
BHREB RS

2) 1 F Cu-MOF/PEG/DW [{] 1 & * tb
PEG/DW 1k 35.6% (P<0.05), Cu-MOF/PEG/DW
{10 A e R 235 o AR B B AR i RE R A4 (PEG/DW)
4399 R B 13.2% A1 12.3%,  AEATS AT DA A2 AH A2 i g
RN HE BRI RE Y B AR BEK . Ik, G E R E
it 5 i Cu-MOF/PEG/DW ) £ 1 F+ I, I 18] %%
PEG/DW Ji/b> 1 35 s,

3) Cu-MOF/PEG/DW ] % IR % 18§ ¥ &
PEG/DW #2711 29.8% (P<<0.05), BRBSTFEF T
WHI%, HEFIIRKAEERBITREK. 5
T Cu-MOF/PEG 1) {8 Ak B /E H LA R s b 26 T AR
MIFLBR B, Cu-MOF/PEG/DW (1) VB il i B R &
17.0%, JRABEHUS B K 91.7%.
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