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Applications of Metal Organic Framework in Lithium-Ion Batteries
Zhang Yukun, Zou Zhaohui, Zhang Yunxia
(GAC Toyota Motor Co., Ltd., Guangzhou 511455)

[Abstract] In order to realize the high performance and low cost development of lithium—ion batteries, this article
explored the application of new battery materials in lithium—ion batteries, and introduced the application and research progress
of Metal Organic Framework (MOF) in aspects of cathode materials, anode materials, electrolytes and separators, respectively.
On this basis, the article revealed that construction of conductive MOF material, MOF composites and low—cost MOF material
will be the focus of future research.

Key words: Metal organic framework, Lithium—ion battery, Electrode, Electrolyte, Separator
(31 Am&N] sk Ebh, AREIHE, sk 82 . )R A HUHESEPORIE RIS i vt b (0 JHERIR D], 354 AR, 2023(8): 1-9.

ZHANG Y K, ZOU Z H, ZHANG Y X. Applications of Metal Organic Framework in Lithium-Ion Batteries[J].
Automotive Engineer, 2023(8): 1-9.

FARA HA B2

& B A HLHE B (Metal—Organic Framework,
REVR 224> RIS e ML BOA R T MOF)MBHE — K m A F 1 2L kL, BT
Hiam DO 29 2 At R TR — KPR, B HAERITILZ LA B A S, MOF HA7 K1)
FIRRSR K R IS TR, TR AR R U5 X AR U5 % e ga‘Li%ﬁﬁwn*’Wcﬂﬁi’aﬁ S [B) LA K 3 A G P 7
FAR G N 525 B )z 3 R”o PRESFELM T ELER T MOF (9 5T AT 9, AT DL SE o e B A
A 25 2 Ve RN R 0RO BRI AT e LT e A AILECMRRD 4 g 07 0, 0T L B ARUAE SR 45 4 11
PR AR Z — mﬁhi@ibﬁkﬁ%ﬁ%?ﬁ TRER MOF B4}, DA b He 7 B H b 45 A T

FH 8 Iy FH i

DL ) 2o 3 45 J A8 A6 ) (10 LiCoO,  LiFePO, %)

Wi BN S s Twg,. 2 MOF M
R AR AE A R eAh, TR A MOF FYHE & i Yaghi T 1995 4F & k32, i 42
PR, 4B r Tt A A i B BTRBIRVR AW B S B AL (B TR ) F & R MLBC A2 0, an &l 1
Al B RVIC AR (AT o it PR BR R R FE I R A 20 AR ], ST N B E L 4 T
T BT BRSO BT R RE RN A T 2 20 000 F MOF 4B, H UL MOF #4

2023 F #8H | 1

Z
i’



SR I A R A HUNE LR R B 3 H i 9 0 255

BEHA L EL B A ORI 5T B B9 MIL (Material Institut
Lavoisier) Z 81 #4 A} | B i K27 19 UiO (University
of Oslo) R AN | = HERLFLHEZE (Porous Coordination
Networks, PCN) £ 4| #1 Bl . FL -8 i T HE 22 (Zeolitic
Imidazolate Frameworks, ZIF) R 51 B4 8L 55 A T3z I
TR B A Al AL IR AL S RE IR Ak 55 951

© +

SRET ([N MOF
K1 MOF &5#m 5
MIL-177 B I F AR ER B il i S i b RS
MOF 4 bniz FH T 81 2 it 9 AT REPE AR 21 1 Ak .
5, 4 F MOF & %1 B L 40 MIL-53 ., MIL-10,
HKUST-1 %53 TR R FHuith . MOF AR H T
S b R DL 3 AE T A W B R b2 A 1
1o B LR LS L PR 3 e 2 T AR DL SRR
FEA: = 07, A 2 TR MOF A RHEAE B 7
b ) TE AR AR SRR R | H S B R B v 3445 3]
Iz BB RN ] , an &l 3 iR

a8 B . K-
A A’ K
R : AT
L T,
AU = LB AR

K2 MOF & T8 A 1 AL b A P 3k g

$ @PP
@0

&'\ %&

2 6

IS)
s &
{ae]
E 3

-

° %,

%
%
0 »
0 o 1

13 MOF 754 5 H il 450 1 17 1
2 | BREI R

3 MOF## A TIEHRMH

MOF H1 43 J& 17 &5 (Fe .Cu . Mn . Co . Ni) FILA HIL 1%
R ORIRER A 5L 22 M5 ) 3 ok e o7 B 22T AL
% &3 MOF B MERE DL A HER 1) AR 38, Combelles
SEREGE T 5L MOF M4 L 75 21 B8 H vt E AR - 9 17
FH & MOF A4 FH 4 25 7 i it IE AR R R B Uk
WFFE SR, MOF #OREEA & L R AR T RS54 |
1o BEA P AL B8 0 4 T A s A B T R k2 1)
AE 1 T A5 A, S AL G CHLIE AL B B, HAE R
IEM AR A 1 2 322 MOF oA 5 Ay a]
1) 4 Ja v S RS MLEC AR, ml DLl i 5 | A S I 4 s B
F-U2E MOF M} FL 2548 , 148 17752 M) FLAE Ay 1E A
R L ALk BE s MOF AR 5978 HILEC A AT LAAE
SRR, Ay EEL AR A AL 1] 3550 118 0 DK il o 8, — 4
T HE 2, S 1777 34 560 1E AR A4 R L - 3 HEL 1 s MOF #4
LA T 25 R0 22 FL&5 K R A o A ) 8 4 1 /45 i T
AT R e L A2 PR s MOF MR
2L 25 F4 TN K B B 2% 1B AT A28 A 70 ke ok i
IRFUZ K . R, MOF AR A EH 15— i il 1E A%
MBI R Z

Li 255 B ) A5 B T 3 F % 8k 59 MOF #1 K}
— (T 1,1 -k — I RHE (Fe(DFc),) , FI{E
BB T A TEAR R R 75 25 T ARR A S A R
FREELL S Fe™/Fe A SR A AR U, LA Fe(DFe),
S IEARAA A R B FL T ARAS T 549 W-h/kg IMRiGE
T B S AL AR B 1 ,3.55 V(Li'/Li) HL L 7R
L N 50 mA/g I EAT 172 mA -h/g 5 e 254 i 5
FEHL A 2 000 mA/g FAEHR 10 000 5 A5 24

70 mA -h/g Y LU, AN 4 TR

100

80

)
S
S
PRARRLE 1%

-
E
o 40
0] AL
- h "';""j:lr‘fl:r:,:";_‘.'"‘.,:.'.:. ST T 20

| | | 2000 mA/g

0 2000 4000 6000 8000 10000

TEA VB IR
4 DL Fe,(DFc), A IEMK A HL bl 3R PE
Gu %[ZGGFIJJEH#7J(% Z‘ Eﬁ!ﬂﬁ] iFl] 27376’7’ 105 1 1_/;\‘

¥ = ORI (HHTP) M 5ok & h T —Fp g 7 S /e
MOF #4 fb——Cu,(HHTP),, f (R &5 48 4 (51 5 B 7, 9

B PN D PR 1 F M A TE AR TR PE AR T TS




SR T3, 2 - G A HUEZR AR B 2 1 v B9 0 20

EHCug(HHTP)ZBﬁlﬁEEE%z WL 3 R 2
95 mA -h/g AT 25 5, JL-T- 3k B S (R, 1M H.
?Cu3(HHTP)ZIﬁE’JTE'FEE M 4 2 L5, Lt
IS IR AR E M ZE R 1 C R, T 60 1K
6 2 H 7t 75 1 BE AR HEHFAE 95 mA - h/g, 55 60~100 X
PR 22 1] 1) F L 25 0 8.1% , L&) 6 il 7™

(a) AL

(h) AL
K5 Cu(HHTP), Y SAARLE R /R 7

1107 1110
I e BTV
100 190
- : 180
50 90T 170 =
= & 60 %
=80T 50 3
i 70}, LR ES 140 &
& o LA [
= 60 ® ﬁ%ttﬁ% 110

50

010 20 30 40 50 60 70 80 90 100

TEADAELR
&6 LA Cu,(HHTP),y tEHg 1) F 3t A DB 31 1 e
Bl 5 I ST (R — 2B TR, B B — TP 28 4 S 137 5
[ MOF A4 F FH T4 28— rl th R AR B RE A1, 22837 i 20
BT 2B 2 Fh LA L 4 JE A A5 MOF A4 B3 1E A% A4
K, 4 Li—Co-MOF®" | Li-Mg-MOF®', Li-Mn—-MOF®
o Li%EPWESE T4l (Ce) 8441 NiCo-MOF 1E 4y £1
B L TE ORI L Y 4 A BT B 1%
B, MOF #4} 32 0 HE S5 0 1% L A2 PE i, Pl ML AE FL
ik 2 CHF AR 4R 75 5k 280 mA -h/g, 1 000 UK 78l
HL 0 BF IS 25 s R A A8 31 92% , R I L 5= B9 116
IFE

4 MOF## AT Aame#

P4 , MOF-177 (Zn,0(1,3,5- 2 3 = H fig
ER),) S5 — P L 1 H A BB MOF B
Al RS, MOF 8544 Hh ) 4 )8 & 1 v DLk b oh 4

J& AL, HoAh T ik BRI S A A A S AR A
HWAES T R p S0 T RBCA B
Té)%%wc%,n*’]EPE&E‘L%H%E‘L;LE@%/&O %
J& AR G MR BT 22 L 25 A8 T 2 S - H
LA S O = s - N LI A G SOl e o
AECO, (E o AR P R A S MOF S5/ B3R,
HMOF-177 (96 21 R 45 25, DA T 421 25 7 Ha b
TE J5 82 70 0 H 2 R e AT 3 2 K AR AIE
Shy el 3t B Ak 24 M R L WF ST N B2 H MOF #4 BHE by i
IRAA A B MOF AT £E 9, 22 FLa FRR 52 A 44 KL, B
¥ MOF # EHME b 42 Ja S8 A 40 K JURs i) 3 AR il 4%
AR,

Qiao 25" ¢ S i F Ak 2% S AH T X (Chemical
Vapor Deposition, CVD ) J7 I 7E fE 44 K 0k (Si) F 1A
H: Kk 90 K %8 (Carbon Nano—Tube, CNT) , #X J5 A
N IK A TS R 45 (Co(NO,),-6H,0) | 2— 35 b mas 1 P
Fit | 3 e [ 4 2545 3] Si@CNTs-ZIF-67, & in#ak 1k
15 8] Z1F-67 117 4= 9 1) 2 fLAk (C-L-SC) , W &l 7 fir
7N, ZALBRAE S OB RERE I, BT LS A R0 & AR

FURZ K, Btk 98 K487 AT AR o AR e PR A 3
B R T R O R A R R A R AR
TEHL T2 FE N 2 Alg N WI iR 25 5235 31 732 mA - h/g,
FEHL L BE N 1 Alg 50 TR 100 5, 2R B8
%1]3#772 3%,

o S R @
fﬂz‘é

Si(~80 mm) Si@CNTs Si@CNTs-ZIF-67 C-L-SC

81 Cle/IF -67 c- /ll~ 67
K7 C-L-SCHfil it m e

Dai 55 466 RN I G (PAN) | 2— H JE R g
(2-MD) % AT NN-H L H ke (DMF) ¥ 75 vh L 15
B Y975 W38 AL i 25 22 1) £ PAN/2-MI 40K 41 4
(NFs) , FHili 13 5 Z1F-67 J5 47 A= & FK 3R A bR
F A MOF 2549 1) Z LA R BE (ZnCo,0,) /il 55 91K
214 e H T MOF FlRR 94K 2F 4E (19 0 23, MOF 5K
(1) Lt 2% T FRURI AR S50 56 Sy 1 8 1) 4 A RITRE TS 42
BT R Y S R A S RTE A A AR T AR
o7 9 ] AR BRI i e A K 41 A B it T O S e
PR, IR B A AR T R o R S T
FE it A BEAEL G A AL, A& 8 BT, T 2 24 A 4 1
HLULAE 0.1 A/g FIHLIR B FE T, 3K45 T 2 468 mA -h/g
()R B UORLHE HL 2 i, I FLYE 200 IRIE SR R 2 A

2 008 mA - h/g 253, R AL T I8 IR 1

20234 #8# | 3



SR T3, 2 - G A HUEZR AR B 2 1 v B9 0 20

o 7ire7

Q92++ %_N»l\?CHg".

i T B et
clic+ S — g

PAN/2-MI NFs
Co0,0, ZnCo0, #Hibs

=

N

ZIF-67/PAN NFs

o 0+ @@
|

Mgt TKIUT ] st
@ s, g

Mofs-zncézb4/c NFs ZI‘F-67)C NFs

8 ZnCo,0 /B A A A LT 4 iy 44 TR R 5

Lu %5 DI CoClL-6H,0. 1, 3, 5- 4 = I
(H,BTC) . N,N- — H %t 2 i B (DMAc) Fl £ i
(MeCN) M J5UE , 7 i FE S 48 H 160 CA R R E
72 h, 15 #] 4 £ MOF (Co-BTC MOF) , Lk Co-BTC
MOF E A ATIRAA , il 285 Z2 FL 9K S5 18 Co,0, JUKL , 1
B9 FrR o SR )5 DL Co,O, JURE il 45 4 22 2+ Ha b oy
Mg R4 8 i IE ML LiPF, B BRER — F /B R 24
TS VA VA Sy Sk R R TR s o A i B il & 1 R
B Al o 38 I X % H it R AT R Ak R AE R
B, 1T Co, 0, BURL Y ZFLZ5H 7 R T L fif T 1232 2|
HL AR A AL R, 4 T E T R T AL AR B2
A T I ECECR A i AR A R . Ah,
22 FLZ5 KA AT LA R AVR R Ak R I 481 o 8 v b AR R Y
ARIREE P S F AR PR R E M . PRI, 72200 mA/g
) HL R B R L 100 IR AE B S, AT AR i A #
924.1 mA - h/g, M L2 FE 4 1 000 mA/g B, 300
A BF J5 1Y AT 3 25 5 47) 5 35 838.6 mA-h/g. Gou
ZEMPL Co(NO,),-6H,0 ., 1,4-Z8 —HRfE (1,4-H,NDC) |
N,N- - H 3 B Bt e (DMF) g JEOREI 45 T 46 56 MOF
R Co(NDC),(DMF),, R FHZE Ll 1Y 7 45 2]
T Co,O, JIURE A Ay 41 2 - H L 1) R A A4, F Yt 2 1
LS RS R REANE PR AR E P

\\ A G ! |
% |!| ;gohc'.. /7 ’{?’ " 700 c" |

Co-BTC MOF Co,0,
E9  Co,0,Myl &R
5 MOF## A THE#R
S35 58 B AT BILIR (A R TR L 1A R A BTG
B H AR RAR L R, R Rk 5 48
BB T A DG B K H R, BT MOF #4kHS:
HPE2E g TR IR B T B A% i A S
4 | RETEIT

T A I A ) 2 LA A, T ELRE RSN H R A
AP35 i, BSCA L 8 L St T A5 A O ) T A i
WAl

Zhang YR T P R IS 2 B8 (PEO) [ 25 L
fiff T 15 LS AN L L AR AR R 22 R IR, DA AL-
MOF (AI(OH)(1,4-NDC)) 44 K B /5 g KL, LU4R 5
PEO J [ 245 Hfif I 1) rL A2 B . 45 R &3, Al-
MOF 44K # B A ZLHAN 6 T PEO A9 45 &b, H 55
T PEOSEZ MMM EAEH , B8RS TE TR SR
R 22 R e . AN, S RFL AR oK i AL-
MOF ik A PEO Hhin} , A # T8 8 7Lt H4k
PEO [ 25 H fif A 1L, 24 AI-MOF 8 i i 70 350 5%
B, [ 2 fL A i 28 30 1 B A 19 8 1% 52 % (30 “CHif
42.09%107° S/em, 60 ‘CH 7.11x10™ S/em) B A fR)4H
BT RS EL(0.46) R S8 (1 FL LA 11 (4.7 V) .
I B R TR B e v i, B O S A R
REFIE FPERE , 7260 °C.0.1 C 41T L 43 100 A
5, I 167.3 mA -h/g i 25 255 F187.1% Y 45
HARERR . Xu &0 ZIF-67 1F RN A PEO H
fife b, & BLELAT R ALY MOF A ORHRE A 50—
S P R R IV B (LATRSD) A1 PEO 5& 5 78 40 H2 fish , Jin
IR G W5y FHE R EE BLZ 8h , E I M A T
R INE 10 FTR o

- & b P‘i.ﬁ‘ i
A “:’_"i‘i:,,'.: ‘ "‘;} %FS
o N g AN = f
ZIF-67 3\&@&5-‘\ . T
TEMK ™ GERECSE %

PEO A LR T A EAE

B0 5 43 HL 5 b A R

MOF 4 6F FH T 181 285 i AN AN AT DA S DR X
BE W IR R AT RO | 28 7T LS AR M R
FRIEHE B PR AL, 5L T MOF AR [ 25 H £ 5
A 43 2R 2 2810, — SR 5 B I S R AR e
T MOF H, 55 A B fift o v LA i B8 IR AR B 4
-, T [ 2 LR B ) S AT A UG R MOF 1)
AEAL , 72 MOF (LB 10 51 A T 5 41 55 140 B AE H
(k2 SE 1AL, 45 31 B -5 HL MOF A1k,

Zettl S LK A S R 55 (AL(NO,), - 9H,0) Fil
1,2,4,5- 7K P4 H iR (H,btec) y J5RL, 15 3] T AI(OH)
(H,btec)H,0 (MIL-121 MOF) , 2835 BL23 s MIL-
121 N AR E AL b i B FAC o L B 5 A
MIL-121 MOF H 5 MIL-121 MOF 3275 55 1 14
1= 2 3 =3 FFF 35 1o s ok 0L (= 90 FP 56 s G 32 ) . i
(EMIM-TFSD % %, I ZE MIL-121 MOF F 5] A

A




SR 5 AT HURE SRR R T r P B R T 0

BT, G5 R, Y EMIM-TFSI & TR A M
JoTF 53 BSGR B 239 B, FL AR JOT 1) 25 - FL e SRR AR AR T
AR A L i AR R T 8 B L, ik B
50 mS/m(30 °C).

Zhang %55 F) FH % 3k 35 1R (MA) A1 5 4k &5
(ZxCL) & )% T MOF #1 BF Ze-MA , 75 1 FE Al 1 43 51
AT — R I B F 5 MOF #1 K}« Zr-MA-Li*
Zr-MA-Na® . Zr-MA-K* . Zr-MA-Zn*, W TiZ & 1
S HL MOF A RFELA %% B2 1 —SH ' g TR B 1)
S JE BT i A R TR I B SR R
ST H BH e S L A2 4 (0.63) AT L Ak S T 1
(4.6 V), MHLFH2 CHT, L Zr—MA-Li* 35 [& 45 HL i
JoT 2 2B P B g LT P RO LU 7 5 106 mA -h/g,
700 AEI I , 28 R 4730 85.3% , K I AL 5+ 1Y
s ML e AN 3 TR PR AR E Pk

6 MOF##l HTFIRE

I AR L 25— el ) S SR A, R RE BT 1k A
V14 Py B fh s S B, S RB AR B AR SR A SRR
b R e E ok LA R A T A A L 56 BT 8 FL Tt P FL
[l i HEARY B RS ELAT AR SR 1 B8 1% S S
ORI R DN W S Vrek d RO RN iR T P )
A7 4 JE B LA TE AILA A B AR S A% i 2 ] S 7
i, fE LML RS R P 5 T T, O B RS
HL g AL S (O FERED . BRGT 12 A R A
FRPRE 5 R R 205 (PE) R (PP) B i, A fit
VT T AR M 2 BRI T 4 B F Y T 3 1
HE— 2 R JERY B GE N D3 SR B4 TR e Xof e R A 7
WO (i MOF A1 REELAT 9 K 25 F K 3% 1 AR /2
A7 B FLBR AR A A, DTy 155 1 B B 1 AR
MEE. SR FH MOF A4 X6 b BEE A 7 e 32 25 2 F
T2 — ARG PR DRI AR A W 5L 5T, 3 i
A% 2] MOF 353 45 I8 5 — 2 7 b 5 2% 1f % 55 MOF
MR, 52 BRI i D e Ak

Chen 2538 2o i H1 27 22 026 HKUST-1 /9 ij 4K
& (H,BTC . Cu(NO,),- H,0) FZR N1 IF (PAN ) 7% W
A58 T PAN/HKUST-1 40 K 47 4k 55, an /&l 11 jF
TR TEHLY] 22 R MOF 45 5 Fl PAN [5 4k [
R R T ARG DT b B HKUST-1 2R 45 7]
L, ST HKUST-1 75 27 4 B I 9 59 25 50 53 A, 48
K AT 4 I 3R LR AR S A LA e o 1 P 2% ol g
44 B L Y 5 4 PAIN 40 K 2T 2 i i 4 2% 7 . it
AHLE , BTG OK 27 2 25 F 1 i 17 o ST vl ik I 174 i)

TR, FEAE P I A i aok v 15 59 43 A ) HKUST-1
TR 1) 4 J A s AR T ¥ 5 B0 B 3 o, R LA
I AR 2 O AE RN 0.1 C 45 T A 200 4k
Ja BB AR R RN 83.1%, Huang 25 FAH [R] 7
A 45 T PAN/ZIF-8 ZH K £F HE R i, [ A R B v
FLBT S 100 110 P A R RO R 1 Y Y R A
Rt KRR T4 R e, Bon s R
PEER R, LI 5 C ISR 2 000 K, 25 Y
FF#0.005%.,

/" COOH

o ,’/: U@“C Cu(N03)2'3H20:
" HOOGZCOOH :

Fig i HKUST-1 Rk |

! + .

& HKUST-1!

/PANE

K11 #7223 45 PAN/HKUST—1 408K 27 4k b s 725

Hao %11 JE & B T 8K 3 MOF #4 B, 2R J5 K¢
MOF #4 B #r K 4 3 Ik oK F 2R D 3 & M
(PVDF) 43 8L 7E N—H SE i i Ao i vhoJ® B 2%, K
HUR T PP R ISR, 75 HL25 55 F T4 10 h, 15
F| MOF #4 ¥} % 2 ) PP b £ (MOF@PP) . t F
MOF@PP H1 (1) -NH, 21 5 & A T AEH , aT DL
PR RS, BB A AN 21 PP R IR 0.45
PEE 2 0.68. [FIET, MOF #4 KL Dy 684 2 1T LIRS 78
I AR TP A A DU, i — PR R A R AR
WE12 FroR o Bz BRI H T8 25 Fa i, 7R HL
N 0.1 CHFEA 139.24 mA -h/g B RO L& &
FEHLYE N 2 CHHIEPR 50 ¥k, 5 H A5 98.08% I 75
F RIS AR R AR R E

HeR = Hem
w M ‘PP

\.....l ee o :o—o jEi&j/j"
)R 4 BRI HEeR

G T SV =Y 5 e
HEeR B4R HEeR

1 Lot PP

'Ll~~ * % * MOFs o

4 )E el FEUUE B4R

Kl 12 MOF@PP @ H T AR R BN &
Chen D) 2— FH JEBK I Co(NO,), - 6H,0 A 5k}
il & T ZIF—67 , 5 2 U7 N—H JEnk i B i (NMP)

2023 #8# | 5



SR 5 AT HURE SRR R T r P B R T 0

I PVDF (R G R ZI RS R i 345
HRHRTEAE PP IR WM , B2 TR RV 15
FNEHA ZIF-67 W21 PP R, & 13 i, 5EK
FT R ZIF-67 U )2 1o B AR T B AR i Bl 4, 5 48
PP BRSAH HE , £ 5 TR | A R R A LR
FPERE . AN, B A ZIF-8 5 2 MOF-808 74 J2*
LT | ABRIE S I, YA AV RN

e M, o

.T“ e v A Y :N

Soln w8
o 328

[ Tz
24h
PVDF
2-FAJERKIE | Co(NO,),-6H,0 ZIF-67 r ZIF-67@PP
K13 ZIF-67@PP @l Y i 4 i s 2

7 SFRIE

MOF 4R i T al 30845 1 FLES# R ALBR R |
v LU AR AR AN ZE H 22 AR B0 A, 18 T it
R RS BB | R AR R A BRI A . A LE TR SE R
BH MOF A ELAE S, a0 R 47 1 B 1L A% R il A
A S AR LA T T % 22 L 1 DA B 5 i 5 LA
AL A . A, MOF AT R 5 T
B B TALB R A AL

MOF A4 44 F) [T A5 kB, SRR Al 5 3 fIRASSE 1
FUE R PR AN R SR RS ey SR A5 BRI T RS B
Mo T g s BBk, ] BUALATR 34575 1 2t -
— MWL T B MOF A1}, $2 3 & A PE AR R AR
SEME s IR L T MOF BB Ay B 57) FLEDRL R
4 2 MOF & A 4 8} K MOF A RH A 8 5 HoAth
JR AL ARG & 5 =Rl il R AR ull ) T4
O FRANY JEURL & 1 MOF 4 484 sl (o R A A s
A R R B BB HILIE R AT B TR MOF A4 4
FRI RS

& £ X W

[1] WANG LF, GENG M M, DING X N, et al. Research Progress
of the Electrochemical Impedance Technique Applied to
The High—Capacity Lithium—Ton Battery[J]. International
Journal of Minerals, Metallurgy and Materials, 2021, 28(4):
538-552.

[2] WONGEY C,HODCK,SO S, et al. Life Cycle Assessment
of Electric Vehicles and Hydrogen Fuel Cell Vehicles Using
the Greet Model-A Comparative Study|J]. Sustainability,
2021, 13(9): 4872-4885.

6 | KRE IR

[3] HAO H, MU Z X, LIU Z W, et al. Abating Transport GHG
Emissions by Hydrogen Fuel Cell Vehicles: Chances for
The Developing World[J]. Frontiers in Energy, 2018, 12(3):
466-480.

[4] LOPEZ ] O, STOTTS R, KELLEY S, et al. Content Analysis
of Interviews with Hydrogen Fuel Cell Vehicle Drivers in
Los Angeles|J]. Transportation Research Record, 2019,
2673(9): 377-388.

[S] CHEN T, ZHENG S L, FENG ] Z. Statistical Dependency
Analysis of Multiple Competing Failure Causes of Fuel Cell
Engines[J]. Proceedings of the Institution of Mechanical
Engineers, Part O: Journal of Risk and Reliability, 2017,
231(2): 83-90.

[6] SAPRE S, PAREEK K, ROHAN R, et al. Investigation of
Compressed Hydrogen Refueling Process of 60 L Type 1V
Tank Used in Fuel Cell Vehicles[J]. Energy Storage, 2019, 1
(6): 91-102.

[7] WANG Z L, JIN W Z, HUANG X Y, et al. Covalent Organic
Frameworks as Electrode Materials for Metal Ton Batteries:
A Current Review|[]J]. The Chemical Record, 2020, 20(10):
1198-1219.

[8] ZHU J, CHEN X X, THANG A Q, et al. Vanadium-Based
Metal-Organic Frameworks and Their Derivatives for

Energy Conversion and  Storage[J].
SmartMat, 2022, 3(3): 384-416.

[9] DAIY Y, LIU C L, BAIL Y, et al. Framework Materials for

Electrochemical

Supercapacitors[J]. Nanotechnology Reviews, 2022, 11(1):
1005-1046.

[10] ZHANG X, CHEN A, ZHONG M, et al. Metal-Organic
Frameworks (Mofs) and Mof—Derived Materials for Energy
Storage and Conversion[J]. Electrochemical Energy Reviews,
2019, 2(1): 29-104.

[11] THAKUR A K, MAJUMDER M, PATOLE S P, et al. Metal—-
Organic Framework—Based Materials: Advances, Exploits,
and Challenges in Promoting Post Li-lon Battery Technolo-
gies[J]. Materials Advances, 2021, 2(8): 2457-2482.

[12] ZHONG M, KONG L J, ZHAO K, et al. Recent Progress of
Nanoscale Metal-Organic Frameworks in Synthesis and
Battery Applications|J]. Advanced Science, 2021, 8(4).

[13] PhFEIE, m ATk, 225, 55 . R HLE 2L b BHE 4 Jm 22
F vl TR A D] A 224, 2021, 37(1): 45-60.
SUN Y H, GAO M D, LI H, et al. Application of Metal-
Organic Frameworks to the Interface of Lithium Metal
Batteries[J]. Acta Physico-Chimica Sinica, 2021, 37(1):
45-60.

[14] XTIA Q, WANG H, HUANG B B, et al. State—of—the—Art



SR T3, 2 - G A HUEZR AR B 2 1 v B9 0 20

Advances and Challenges of Iron—Based Metal Organic
Frameworks from Attractive Features, Synthesis to
Multifunctional Applications|[J]. Small, 2019, 15(2).

[15] JIANG Y C, ZHAO HT, YUE L C, et al. Recent Advances
in Lithium—Based Batteries Using Metal Organic Frameworks
as Electrode Materials[J]. Electrochemistry Communications,
2021, 122.

[16] BRAT . 42 )8 A HLHESE (MOFs ) fif £ 1Y PO S8 Ak =45 #1RHY

il 45 Do FLAR R PEBE R ST (D). W 7K U W 2R U Tl R 2,
2017.
CHEN X. Preparation of Metal Organic Frameworks
(MOFs) Derived Cobaltosic Oxide and Its Lithium Storage
Performance[D]. Harbin: Harbin Institute of Technology,
2017.

[17] ZHANG X, DONG P,SONG M K. Metal-Organic Frameworks
for High—Energy Lithium Batteries with Enhanced Safety:
Recent Progress and Future Perspectives[J]. Batteries &
Supercaps, 2019, 2(7): 591-626.

[18] ZHAN F Y, WANG H Y, HE Q Q, et al. Metal-Organic
Frameworks and Their Derivatives for Metal-Ton (Li, Na, K
and Zn) Hybrid Capacitors[J]. Chemical Science, 2022, 13:
11981-12015.

[19] JIANG Y C, ZHAO HT, YUE L C, et al. Recent Advances
in Lithium—Based Batteries Using Metal Organic Frameworks
as Electrode Materials[J]. Electrochemistry Communications,
2021, 122.

[20] HAN S A, QUTAISH H, LEE J W, et al. Metal-Organic
Framework Derived Porous Structures Towards Lithium
Rechargeable Batteries[J]. EcoMat, 2022, 5(2).

[21] SHIMIZU T, WANG H, MATSUMURA D, et al. Porous
Metal-Organic Frameworks Containing Reversible Disulfide
Linkages as Cathode Materials for Lithium-Ton Batteries|J].
ChemSusChem, 2020, 13(9): 2256-2263.

[22] ZHU W, LI A, WANG Z P, et al. Metal-Organic Frameworks
and Their Derivatives: Designing Principles and Advances
Toward Advanced Cathode Materials for Alkali Metal lon
Batteries[J]. Small, 2021, 17(22).

[23] ZHANG K Q, LEE T H, BUBACH B, et al. Layered Metal—
Organic Framework Based on Tetracyanonickelate as a
Cathode Material for in Situ Li-Ton Storage[J]. RSC
Advances, 2019, 9(37): 21363-21370.

[24] KESHAVARZ F, KADEK M, BARBIELLINI B, et al.
Electrochemical Potential of the Metal Organic Framework
Mil-101 (Fe) as Cathode Material in Li—Ion Batteries|J].
Condensed Matter, 2021, 6(2): 22-31.

[25] LI C, ZHANG C, XIE J, et al. Ferrocene—Based Metal—

Organic Framework as a Promising Cathode in Lithium—Ion
Battery[J]. Chemical Engineering Journal, 2021, 404.

[26] GU SN, BAI Z W, MAJUMDER S, et al. Conductive Metal—
Organic Framework with Redox Metal Center as Cathode
for High Rate Performance Lithium Ton Battery[J]. Journal
of Power Sources, 2019, 429: 22-29.

[27]DUZ Q,LIY P, WANG X X, et al. Enhanced Electrochemical
Performance of Li-Co-BTC Ternary Metal-Organic
Frameworks as Cathode Materials for Lithium—lon Batte -
ries[J]. Dalton Transactions, 2019, 48(6): 2013-2018.

[28] RAMBABU D, LAKRAYCHI A E, WANG J D, et al. An
Electrically Conducting Li—lon Metal-Organic Framework
[J]. Journal of the American Chemical Society, 2021, 143
(30): 11641-11650.

[29] LT J P, ZHAO G B, ZHAO H Y, et al. Cerium—Doped
Bimetal Organic Framework as a Superhigh Capacity Cathode
for Rechargeable Alkaline Batteries[J]. Nanoscale, 2021, 13
(6): 3581-3587.

[30] DESAI A V, PIMENTA V, KING C, et al. Conversion of a
Microwave Synthesized Alkali-Metal MOF to a Carbonaceous
Anode for Li—Ion Batteries[J]. RSC Advances, 2020, 10
(23): 13732-13736.

[31] YAN J, CUI' Y T, XIE M, et al. Immobilizing Redox—Active
Tricycloquinazoline into a 2D Conductive Metal-Organic
Framework for Lithium Storage[J]. Angewandie Chemie,
2021, 133(46): 24672-24677.

[32] ZHU P P, YANG X Y, LI X, et al. Insights into the Lithium
Diffusion Process in a Defect—Containing Porous Crystalline
POM@ MOF Anode Material[J]. Dalton Transactions, 2020,
49(1): 79-88.

[33] WU N, JIA T, SHI Y R, et al. High—-Performance Sn—
Based Metal-Organic  Frameworks Anode Materials
Synthesized by Flexible and Controllable Methods for
Lithium—TonBatteries|J]. Tonics, 2020, 26(3): 1547-1553.

[34] DANG R, JTIA X L, WANG P, et al. NMOF Self-Templating
Synthesis of Hollow Porous Metal Oxides for Enhanced
Lithium—Ton Battery Anodes[J]. New Journal of Chemistry,
2018, 42(22): 17902-17908.

[35] LIU Y J, HE Y, VARGUN E, et al. 3D Porous Ti,C, MXene/
NiCo—MOF Composites for Enhanced Lithium Storage|J].
Nanomaterials, 2020, 10(4): 695-708.

[36] MENG C F, CHEN T H, FANG C, et al. Multiple Active
Sites: Lithium Storage Mechanism of Cu=TCNQ as an Anode
Material for Lithium—Ion Batteries|[J]. Chemistry Asian,
2019, 14(23): 4289-4295.

[37] SHI X Z, GONG J, KIERZEK K, et al. Multifunctional

2023 #H8® | 7



SR T3, 2 - G A HUEZR AR B 2 1 v B9 0 20

Nitrogen—Doped ~ Nanoporous Carbons Derived from
Metal-Organic Frameworks for Efficient CO, Storage and
High—Performance Lithium-Ton Batteries|J]. New Journal of
Chemistry, 2019, 43(26): 10405-10412.

[38] QTAOY J,ZHANG H,HU Y X, etal. A Chain-Like Compound
of Si@ CNT Nanostructures and MOF-Derived Porous Carbon
as an Anode for Li—Ion Batteries|]J]. International Journal of
Minerals, Metallurgy and Materials, 2021, 28(10): 1611-
1620.

[39] DAI Z X, LONG Z W, SHI C, et al. Porous MOFs—Zinc
Cobaltite/Carbon Composite Nanofibers for High Lithium
Storage[J]. Advanced Electronic Materials, 2022, 8(1).

[40] LU Y H, LI J H, XU Z F, et al. Metal-Organic Framework
Derived Porous Nanostructured Co,0, as High—Performance
Anode Materials for Lithium—Ion Batteries[J]. Journal of
Materials Science, 2021, 56(3): 2451-2463.

[41] GOU L, MA L, ZHAO M J, et al. Co-Based Metal-Organic
Framework and Its Derivatives as High—Performance Anode
Materials for Lithium—Ion Batteries|J]. Journal of Materials
Science, 2019, 54(2): 1529-1538.

[42] ZHAO Y, WANG L, ZHOU Y N, et al. Solid Polymer
Electrolytes with High Conductivity and Transference
Number of Li lons for Li-Based Rechargeable Batteries
[J]. Advanced Science, 2021, 8(7).

[43] WU Y J, WANG S, LI H, et al. Progress in Thermal Stability
of All-Solid—State—LI-Ion—Batteries[J]. InfoMat, 2021, 3
(8): 827-853.

[44] SHEN L, WU H B, LIU F, et al. Creating Lithium—Ton
Electrolytes with Biomimetic lonic Channels in Metal—
Organic Frameworks[J]. Advanced Materials, 2018, 30(23).

[45] CHEN T H, CHEN S M, CHEN Y, et al. Metal-Organic
Frameworks Containing Solid-State Electrolytes for Lithium
Metal Batteries and Beyond|J]. Materials Chemistry Frontiers,
2021, 5(4): 1771-1794.

[46] MA S X, SHEN L, LIU Q, et al. Class of Solid-Like
Electrolytes for Rechargeable Batteries Based on Metal—
Organic Frameworks Infiltrated with Liquid Electrolytes[J].
ACS Applied Materials & Interfaces, 2020, 12(39):
43824-43832.

[47] ZHANG Z, YOU J H, ZHANG S J, et al. Metal Organic
Framework Nanorod Doped Solid Polymer Electrolyte with
Decreased Crystallinity for High—Performance All-Solid—
State Lithium Batteries[J]. ChemElectroChem, 2020, 7(5):
1125-1134.

[48] XUY F,ZHAO R, FANG J ], et al. Metal-Organic Framework
(MOF) —Incorporated Polymeric Electrolyte Realizing Fast

8 | ARE T #E VS

Lithium—Ton Transportation with High Li" Transference
Number for Solid-State Batteries[J]. Frontiers in Chemistry,
2022, 10.

[49] LI D X, WANG J, GUO S J, et al. Molecular—Scale Interface
Engineering of Metal-Organic Frameworks Toward lon
Transport Enables High—Performance Solid Lithium Metal
Battery[J]. Advanced Functional Materials, 2020, 30(50).

[50] WANG Z Q, TAN R, WANG H B, et al. A Metal-Organic—
Framework—Based Electrolyte with Nanowetted Interfaces
for High—Energy—Density Solid-State Lithium Battery[J].
Advanced Materials, 2018, 30(2).

[51] ABDELMAOULA A E, SHU J, CHENG Y, et al. Core—Shell
MOF-in—-MOF Nanopore Bifunctional Host of Electrolyte
for High—Performance Solid—State Lithium Batteries[J].
Small Methods, 2021, 5(8).

[52] ZETTL R, HANZU I. The Origins of Ton Conductivity in
MOF-Ionic Liquids Hybrid Solid Electrolytes[J]. Frontiers
in Energy Research, 2021, 9.

[53] ZETTL R, LUNGHAMMER S, GADERMAIER B, et al. High
Li" and Na' Conductivity in New Hybrid Solid Electrolytes
Based on the Porous MIL-121 Metal Organic Framework
[J]. Advanced Energy Materials, 2021, 11(16).

[54] ZHANG Q, XIAO Y B, LI Q, et al. Design of Thiol-Lithium
lon Interaction in Metal-Organic Framework for High—
Performance Quasi—Solid Lithium Metal Batteries[J].
Dalton Transactions, 2021, 50(8): 2928-2935.

[55] HEIDART A A, MAHDAVI H. Recent Development of Poly-
olefin-Based Microporous Separators for Li-lon Batteries:
A Review[J]. The Chemical Record, 2020, 20(6): 570-595.

[56] LT A, YUEN A C Y, WANG W, et al. A Review on
Lithium—lon Battery Separators Towards Enhanced Safety
Performances and Modelling Approaches[J]. Molecules,
2021, 26(2): 478-492.

[571 5K 3 . BB 1t P B SERT R AT 58 E JE ). 154 T2
SRR 2022(10): 34-41.

ZHANG Y K. Research Progress on Separator Materials for
Lithium—Ton Batteries[J]. Automobile Technology & Material,
2022(10): 34-41.

[58] ASGHAR M R, ANWAR M T, NAVEED A. A Review on
Inorganic Nanoparticles Modified Composite Membranes
for Lithium—lon Batteries: Recent Progress and Prospects
[J]. Membranes, 2019, 9(7): 78—-114.

[59] CHANG Z, YANG H J, PAN A Q, et al. An Improved 9
Micron Thick Separator for a 350 Wh/kg Lithium Metal
Rechargeable Pouch Cell[J].
2022, 13(1): 1-12.

Nature Communications,



SR T3, 2 - G A HUEZR AR B 2 1 v B9 0 20

[60] SHEN L, WU H B, LIU F, et al. Anchoring Anions with
Metal-Organic Framework—Functionalized Separators for
Advanced Lithium Batteries[J]. Nanoscale Horizons, 2019,
4(3): 705-711.

[61]CHEN C C,ZHANG W D, ZHU H, et al. Fabrication of Metal—
Organic Framework—Based Nanofibrous Separator Via One—
Pot Electrospinning Strategy[J]. Nano Research, 2021, 14
(5): 1465-1470.

[62] HUANG D, LIANG C, CHEN L N, et al. MOF Composite
Fibrous Separators for High—Rate Lithium—Ton Batteries|[J].
Journal of Materials Science, 2021, 56(9): 5868-5877.

[63] HAO Z D, WU Y, ZHAO Q, et al. Functional Separators
Regulating lon Transport Enabled by Metal-Organic
Frameworks for Dendrite—Free Lithium Metal Anodes|]J].
Advanced Functional Materials, 2021, 31(33).

[64] CHEN P, REN HM, YAN L T, et al. Metal-Organic Frame-
works Enabled High—Performance Separators for Safety—
Reinforced Lithium Ion Battery[J]. ACS Sustainable Chemistry
& Engineering, 2019, 7(19): 16612-16619.

[65] ZHANG S F, LUO J, DU M, et al. Highly Porous Zeolitic
Imidazolate Framework—-8@ Bacterial Cellulose Composite
Separator with Enhanced Electrolyte Absorption Capability
for Lithium—Ion Batteries[J]. Cellulose, 2022, 29(9): 5163—
5176.

[66] VALVERDE A, GONCALVES R, SILVA M M, et al. Metal—-
Organic Framework Based PVDF Separators for High Rate
Cycling Lithium-Ion Batteries[J]. ACS Applied Energy
Materials, 2020, 3(12): 11907-11919.

(FHLHHE %
TR H 1 20224F 12 7 28 H .

(REIEIMERRESE

QARG TR T 1974 AEQ0 T, 2 h vb [ 35— PR AR A R B 258 b 50— VR A BB A7 BR 2 ) 2 90 A 1 A 4k
NTFRAT PR AR 2 AR ), B 208 1 R R LB R 2 — St U2 A2 AR L

QARG TR LB P47 i T R U R 3, T THORTIF & 5 BT, 4R SR 4 B BT i k7 58 . (K
T ARG R LR S AL R REAL IR AL L AR EOR T A SR R, B A LMK A AR RO |
R TREAR AMEROR OB IR B S R RE B R A R REB N AR ) Am s (NVH DB 4
BURIRE 2 4 A5 8 %A it 4 Wi g Rl 1 it sl ARIXBH ARIRRH e A s et R U, S

B4 TR AR QT RE 1 B2 71 BTk ) 4t

FAPEAGH IR AAT B L ZEA B AN WA, S [l 8 Bk H L 1 AR B2 R G 100 H A 0T H AR5 A
REFERIC e R 2, FANT R 5 B R AT “ JEI8 35 Al [ R b AR s R, S5t R B R Tk AR ik |
ST P B 1) 2R 2 28 G0 Ak B 1 , 375 288 i 0 1) 0 st ki 5, 4500 R AR TRl R b AR H AR

&R, WL« http://tjge.cbpt.cnki.net.

CREIRIMFRIES

2023%F #8H | 9


http://qcjs.faw.com.cn/CN/volumn/home.shtml

