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P 3 JR R T[] FEL i 5 14 AT 9 VR AE AN R B 1
A% Ml A K ZE R . b TSR AE MOF 0. 5 L
Rl AR R 14, 8, AR T MOF -1 B 11y
33. 4°F1 MOF -0 JL 1% 50. 9°, AHHF MOF-0,
A ZIE - 67 1) JE BE X i B VR 332 Vi P B T X 2 o
T ZIF-67 JZ2 M F5 19 4 & 7 S s 4 s — A HLAC
B B 388 0 2 1T B . DA T 48 5 X YRS L R T T
IRAR ) SEFIHE T T MOF-0. 5 JE LAY B0E 2 A
X BN ELBAR o BEAT R R SRIE IR . FLAR T T
UK 55 SRR P ) 48 T 1T AR T SR SR A v
() AL HABZSPE AT BRI I RET ST B T Fo

P 4 Ca) Ry = ol 56 5 1 Avf 0l 3k 1 1o g — g A
KL g5 7R MOF-0. 5 3R HEAT 3.5 MPa B /1

L) 11 % (40 A8 e F7 » FE A HALMPERE R 4. 4
(b)) X PHEEATHHEE 7R T MOF-0. 5 F1 MOF -
1 B A H B g PVDE - HEP fil ZIF - 67 117 5 1
BIEI, BART &, 20="7. 5° b iy 5 25 43 S5 06 L) K
20=10. 5°,12. 6° AL A FiT T IR ZIF - 67 k& 1 AF
YELUFRA T ZIF - 67 75 RE B L A A A= 00 5
I B AR R LTSNS T 2L AN G A I, A 4
(o) iR , PEGDA Y178 1 610~1 650 cm ' JHIE
PRARFAE G o S iR shide , X0 T C = C ',
IZIRBIEAERA 5 B [ 2 F A R e i 2 i 2 . 3=
FH WAV AE — ol SRR N X5 SRy T A FRL AR
2.2 ERBERENBLEERERIE

RIS Ca) 7R T — o i1 285 F £ 5 1) 4 Mk L AR



B

2

ST R R B

MOFs & 4 [# 75 HL ff Jot

FRIES 50 e 42

Lit £ S0F5%

o 17

(a) 4

.11 /MPa

(a)

(b)

(c)

PR

MOF-0 MOF-0.5 MOF-1
3 HMFETIKELE MOF-0(a) .MOF-0. 5(b) il MOF-1(c)_I- (42
Fig. 3 Contact angle of electrolyte precursor on MOF-0 (a), MOF-0.5 (b) and MOF-1 (¢)
MOF-0.5 (b) (©
N
M W
A MOF-0.5 sl
MOF-1 MOF-0 N W —
= M i
ol il . \ » = MOF-0
bt N, MoPos| Z|  Moro
w ’W
3 6 9 12 15 10 20 30 40 1670 1650 1630 1610
NAE /% 20/(°) L fem™

P4 SEEROR ) - B

Fig. 4 The strain-stress test result (a);

(@) 50

membranes and PEGDA (c¢)

SHIA] Ca) 5 SR XRD FTR AT (b) 5 [ A5 H A ST I AN PEGDA f) SR 3 BLIH 2D AL (o
the XRD diffraction patterns (b); FTIR spectrum of solid electrolyte

(b) 100

100
80
WAL
40t
80+ _— 4
< 30t 3 Y40
3 - Ny 7 A2
\5’ = 60} - M AT
@ 20} 2 o
& =024 50 100 Q150 200 250
Al
1ok 40
0 MOF— 0 *Mm‘rh?k
— 20 .
3.0 3.5 0 1 O()O 2 0()0 3 000 4 000 5000 6000
e A BsHE] /s
(c) 100 (d) 100
100 100
80 AR &0 AR
g 60 /‘\ g 60 //"“
< 80Ff N 40 7 < 80 N 40 \
= N \ 2 .
ﬁ\é - WAL \ = 20 WAL \
2 60} =038 260t
. 50 100 150 200 250 0 50 100 150 200 250
- Z'1Q - t+=0.25 Z'1Q
40 b 40 ¥———/—\,\_
MOF— os)r&fhrm?k MOF- l’r}ﬁﬂ:ﬁh@q
0 1 000 2 000 3 000 4 000 5 000 6 000 0 1 0()0 2 000 3 000 4 000 5 000 6 000

W AbET ] /s

WAk BT[] /s

B 5 N EAS AR LSV 4k (a) s MOF-0(b) \MOF-0. 5(c) 1 MOF-1(d) ¥ B 7 i Ak th 25 S0 TT S BT

Fig. 5

LSV curves of different solid electrolytes (a);

the direct current polarization curve with EIS before and after

polarization of MOF-0 (b), MOF-0.5 (¢) and MOF-1 (d)




.18 - BB 2%

5 # A

55 46 %

(LSO iR, sfbafRa e a1 g W 4R 40 fi v S
W5 X 5 pA/em™ ) TR R E RN 2 om®,
PHIIAA 10 A X I A9 HEL AR Sy R ffgE I ) L L 2 B
SER . 7F LSV 4k Lz s MOF - 0. 5 [ 45 i fi
0 LA AF A SE B R 4. 72 V., MOF-0 #il MOF-1
] 25 FEL 5 174 F Ak 24 AR 1 143000k 5. 01 4. 87
V., AlfEEH T &2 ZIF-67 2/ MOF-0. 5 3
XS 57 AV FEL A 27 B R /N G371 5] ) i SR i A o
SRR DT b2 AR B ARG, 2R
i B 4t , MOF - 0. 5 @ 2& fL g i g 5 LEFP IE
M B NCM811 IEMAHDERL . Li™ BB HO A i fa e
PR RFE, K 5 ~5(D R T MOF-0,
MOF-0. 5 Fl MOF -1 [ 25 H fi# 5 9 1 A A il 2
K HH R BE AT A4S 5] MOF-0. 5 i Li' if
BECH 0. 38,5 F MOF-0 fi§ 0. 24 f1 MOF -1
0.25, BT ZIF-67 BA7 3.4 A(1 A=10"""m)
FI11.6 A fFLART, Lit A5 0.76 A /N, o
DGR 1 R ~F 8 A By TEST (7. 9 A) ByiE 3

()

lgo/(S-cm')

10007'/K"

2.8 2.9 3.0 3.1 3.2 33

MOF-0.5

—=— 30 C
—o— 40 °C
—4— 50 C

60 C
—— 70 C
—— 80 C

Z'1Q

10 15 20 25 30

)23 B R [ ZIF-67 5 TFSI Z [/ Lewis
PR AR FH A 23 B ) BH 2 - 19 8% 3, DA T A1 24 8 3 1Y)
fift g AR THE B TR

B SRS A A PR A S AL B 6()
HIRT 30~80 ‘CHaEIN =P IZSHLfEST SS| [SS XK
P LY B 42 JE 2 STl 2 2O BE TR 5 (b) ~5(d) 1Y
EIS &4t a. nTLLL B, 7E 30 'CTF MOF-0.5
[T 25 P 0T 1) B - PR GA 1) 2. 93 mS/em, A LT
MOF-0(2. 05 mS/cm) 1 MOF-1(2. 33 mS/cm)
DHM N E T H SR EFRA. MELAER
ZIF-67 ) MOF-0 i 5 , B A K &% ZIF-67 2
Janus B &I MOF-0. 5 Fl MOF -1 [ 25 5 fi# i
R B F AR AR H R T DU R . 5 ZIF
=67 WURLEAT =B LB R 4 S A s X A B T
588 HL 55 SR A5 0 L I R AR B 2 R A R e AR T
TR 1 2 F S O IR ) IR i 1 s ARG T
B B P, [ R 250 ZIF - 67 B b 4 8
s 5 TESI \DFOB ™ 1) #% ) 1t 12 9 A 1 {2 i 1

(b) 30

25
20
G MOF-0

N ISH ——30C
' — 40 C
10F +— 50 C
60 C
51 —— 70 C
—— 80 C

15 20 25 30
Z'1Q

MOF-1
—s— 30 C
—o— 40 C
—a— 50 C
60 °C
—— 70 C
—— 80 C

15 20 25 30
Z'1Q

6 A HL AR BT A8 2 2 37 ] (a) s MOF - 0(b) \MOF-0. 5(c) Fil MOF-1(d) Y7253 EIS ik
Fig. 6 The Arrhenius plots of solid electrolytes (a) ; the EIS plots at different temperature of MOF-0 (b),
MOF-0.5 (¢) and MOF-1 (d)



5 2 1]

SR RAT 2 B0H MOFs 524 [ 25l BUBOE SRR e ik LiT 1% S5 © 19 -

HEF SIS BICEZ AR e
TEFHESFE, mAHELT MOF-1 15, MOF-0. 5
XTI KR P I 1 A B B I e il R R G SR
PR B 1% 5 5 [R] B Y ZIF - 67 JR itk — 20
FEAIC AL B RE 7, PR L A W i 5 F L 3
6 (a) s B EE Tt =Bl e i T 0 B 7 i SR
XTECE) TR IR SCHlL B B 2000 OC R A5 A Bl e e 5 By
o EA PG BT e Sy B A H R B Y T
AU RE 25 55 3 B — Fob [ 25 o i IO 19 06 FL REAH 24, 7
0.15~0.17 eV ZJd],

SRyt — 20 55Uk S BR R H  J7, 8 MOF -0,
MOF-0. 5 1 MOF -1 [# 2 f# it 5 LFP 1E % Ut
Bl R A e Jm i, B 7RI T LFP|
MOF-0. 5| Li H3ih7E 0. 2.0.5.1.0.2. 0 fi1 5.0 C |
oS ST A SRR R HO i 25 1 9 51 ok 165. 3,
160. 3,154, 7.145. 7 1 127. 5 mA » h/g, HfEHE T
T H F 25 B 4 T MOF-0 Fll MOF -1 24 B i 2
P F) 0. 2 C B, B A A ) M F+ %2 165, 1 mA »
h/g, UEB] T HAR SR A5 2 RE

B 7(b) 7o) o il B T = i1 2 H i I3 A
0.2 CiififkJ5 0.5 C T MK AG M BE S E S RE.
LFP|MOF-0. 5| Li 23 L 5 PR PR At P1 4a
Bl A S T LFP| MOF-0| Li A1 LFP| MOF-1
|Li, 3 HAE 560 WG G EA 81 4% 5 &
BA R, o TR R AR [ B U (19 MOF - 0(70. 5 %) Al
MOF-1(76. 6%) . FECRHRIE 560 [ J5 542
100%0 MRBL T Z MR R RAF e iic i . & 6
(D~6DOFEAERT LFP|MOF-0| Li,LFP| MOF
-0.5|Li #1 LFP|MOF-1|Li £ 0. 5 C FEHE R
it H B L R £ P LR B LEP [ MOF - 0. 5| Li f9
WAk HL R 0. 064 V& T LFP| MOF-0] Li(0. 066
V) F LEP| MOF -1 Li(0. 069 V), H 1k H 1%
TR R F k2= SO 3 7 24 ks, i A B TR T
A LA T PR AR BE . A T AT PEAN B i T Y
MOF - 0. 5 [& 2 r fiff ot 28 5% [ 25 21 4 Ja w0 1
g, B 8 fern T H 5 AFE 4 iE 1) MOFs & LEP| | Li
P I PG A BE A E A0 i I LA R A A R
FE T LR AR TS .

(@)200 (b)200 ©)110
g e, 05C 02C |7 MOF-0 . [
160 fmgttteenne LG 20 [0 semmsent 7160 i 105
E “.“-nn%ooo 5.0C ummmm o 100 e
Elzo anamm Elzo. \O;
HﬂTHH . m}?nﬂ MOF-1 ﬁ o5}
" 80 "aea P 80} 4{5 L
0 2 Py 90
= * MOF-0 = MOF-0
& 40 MOF-0.5 . = 40 LFP 1.2 mg/em? 85F  MOF-05 LFP 1.2 mg/em?
= = MOF-1 30 °C | 05C 30 C MOF-1 05C 30 C
i L " " " " 80 i " " i " i
0 5 10 15 20 25 30 35 40 0 80 160 240 320 400 480 560 (80 160 240 320 400 480 560
PEIRIEEL TEA B TEAEEL
f: ‘ f
. 3.5 . 3.5¢ 2 . 3.5 J
i TR > R =
'EJ 20 'EJ 20 -EJ
3.0Fp— 50 3.0F 50 1
— ;% MOF-0 0.5C _ ;% MOF-05 0.5C 0% Mokt 056 \
a5 ) 25— 0 |
0 30 60 90 120 150 0 30 60 90 120 150 ) 30 60 90 120 150

JUH A A /(mA-h - g

JLH A A /(mA-h - g™

L A i /(mA-h - g )

& 7 LFP||Li 53R MERE(2) s LFP| [Li7E 0. 5 C F G MERE () ; LFP| [ Li 7 0. 5 C T RGN ECIE (o) ;
$F MOF-0(d) \MOF-0. 5(e) Fl MOF - 1CH B i SR LEP| | Li b it 7 A [ 9 B P B0y FE 75 H 1t 2k
Fig. 7 Rate performances of LFP||Li (a); long term cycling performances of LFP||Li at 0. 5 C (b); coulombic

efficiency at 0.5 C of long cycling of LFP||Li (¢); the charge-discharge profiles of LFP| |Li batteries with
MOF-0 (d), MOF-0.5 (e) and MOF-1 (f) based solid electrolyte at different cycling number
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Fig. 9

Long term cycling performances and coulombic efficiency of NCMS811 | | Li batteries at 1.0 C (a);

the charge-discharge profiles of NCM811| | Li batteries with MOF-0 (b), MOF-0.5 (c)
and MOF-1 (d) based solid electrolyte at different cycling number
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Abstract; Metal-organic frameworks (MOFs) have garnered significant attention as fillers for solid-state
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electrolytes due to their tunable pore structures, ordered channels, and favorable thermal and
electrochemical stability, However, their application is constrained by the trade-off between ionic
conductivity and the ability to suppress lithium dendrites. To address this bottleneck, this study proposed
a unilateral interfacial growth strategy distinct from conventional blending or bilateral modification
approaches, enabling the controlled construction of a thin, dense ZIF-67 layer on one side of a poly
(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) based membrane, followed by in-situ
polymerization to fabricate a composite solid electrolyte membrane. By adjusting the reaction time, the
morphology and thickness of the ZIF-67 layer were regulated to enhance the wettability of the precursor
solution on the membrane and improve the interfacial compatibility between the electrolyte and the
electrodes. The porous structure and Lewis acid-base interactions of ZIF-67 confined and adsorbed anions,
promoting the dissociation of lithium salts, while the design of a dense thin layer avoided an increase in
lithium-ion transport resistance. Consequently, the ionic conductivity was increased to 2. 93 mS/cm (30
‘C). The assembled LiFePO, (LFP) | MOF-0. 5|Li solid-state lithium metal battery exhibited excellent rate
capability and long-term cycling stability, retaining 81. 4% of its capacity after 560 cycles at 0. 5 C with a
coulombic efficiency approaching 100% , along with a lower polarization voltage. This work provides a new
strategy for enhancing the ionic conductivity and lithium dendrite suppression capability of MOF-based
composite solid electrolyte membranes.

Key words: composite solid electrolyte membrane; metal organic framework; morphology regulation; lithi-

um dendrite inhibition
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