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Research progress on preparation and application of
metal-or ganic frameworks
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Abstract: Metal-organic frameworks (MOFs) have been widely used in adsorption separation, catalysis,
and energy storage and other fields due to their large specific surface area, high porosity, and excellent
thermal stability, and have become a hot topic in the research field of new materials. The morphology and
properties of MOFs are directly influenced by their preparation method. Therefore, it is very important to
search for efficient, environmental-friendly, and green preparation methods for MOFs materials. In this
review, the traditional preparation methods of MOFs materials, such as hydrothermal/solvothermal method,
ultrasonic method, microwave method, electrochemical method, and mechanical synthesis method were
introduced, followed by brief description on novel preparation methods represented by vapor deposition
method, interface synthesis method, and microfluidic method, with the advantages, disadvantages, and
application scopes of different synthesis methods summarized. The application research progress of MOFs
materials in adsorption separation, energy storage, catalysis, biomedicine and other fields was specifically
reviewed. Finally, the research on rapid, green, and large-scale preparation and application mechanisms, as
well as the construction of composite materials were discussed.

Key words. metal organic frameworks; preparation methods; adsorption separation; energy storage; catalysis;
biomedicine
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Fig. 2 Schematic diagram of general process of MOFs synthesis by hydrothermal/solvothermal method
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and microwave methods™”
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o FHAS TR 2 8 ) v B i 2 10 & 8 - A HL 2 ik
(MOP) fENH B IT, &ITH & T — R
(3,12,24 ) %421 uru-MOFs, HH uru-MOF-1 7E45
VERBEFNE SR B CHy WMk 5] 339.6 cm’/em’
(STP), ik T KA1 & T —BldE Zif B4R 5 MOF
(In-BTB) , HAE 273 K. 8 MPa &4 F iy CH, WL
Bitie R 397 em’/g, HWGHHEREEA RIFRnEE
P, FIRBFSEH B 1 MOFs A RHER IR CH, %1%
77 T B T F1 . NATH ZEPSIRge B, BT % &
MOFs X HGE Ao e B 1, LI R B B PR A+ 2
FESZBRR A, MOFs 38 % 554G ) 10 B K48 S
HAbEE PR, LHRSLARE/NY MOFs, H
?ZF%@E%%%&%%A,%ﬁMmk%ﬁﬁ

BEZEWT T I, MM CH, A RE . I, 7

[50]

MOFs 48X CH, W B Fifiss 47 19 5 228 52 v, X CH,
W F 3 2 Pt 2 R Y B SR IR
212 K4

Tk A=, RZAL TR Tl R K R 3 R
Tﬁg*%%?im VSl = i | ey 3 A5
%&MHF@WOMM@MﬂEmAmEﬂﬁ%
ﬂ% ER . RUCHRE S . RECRMmBRELH, T2
TR AL B AT P70 T 28 MOFs #1kHE K
mRREE, Horfi, Ik, /KEE R MOFs £k
Em&ﬁ sk A ffF o

YRR R KIRE R Z —, HalwEEa
FIERA VLS, HERR KR 2%t K A A fn
A E G E . B H L AL B R K ek
ARt bR HAT, CHRGEFZH TR
MR, A, SRS RERS LA AR E AR
MOFs B BHELAG 22 FL45H6 R 5t 9 IR B2 05, 73
A B AT B )2 B AT S . SU 51O 2 i
N RAK/ R A EEFIE 4 T Zr-MOF( MOF-808, 1K 7).,
MOF-808 ELA MM sE KM . KR PE AN K b 2 i
I, XA ALY R R RE O, T F
M z-7 FHEAEA, MOF-808 X Wil 521 it i it 12 ik
F 1500 mg/g, HXFAS [ YAl i) g B HL A e 50 . 1
WHE M 2= IRk AHE 5 MOF-808, LA K MOFs ¥4 ¥} %}
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d

7’ % - TS ~
u or Sy M Scalable synthesis
5 :
S| 1 MOF-808-V,,
2
g 8
RT B || —— Simulated MOF-808
e
“Q & 10 20 30 40 50
v . 20/(%)

o
MA green, aqueous route M Selective adsorption

Bl 7 = IRKAH A MOF-808 7 2 1 K HFH T LYk
1 35 P R L)
Fig. 7 Schematic diagram of room-temperature aqueous
synthesis of MOF-808 and its application for selective
adsorption of organic dyes!®”

EERETEAREWEYEE, HAEKED
MELIBE PR, REZead B WiE 0 E SRR S AR
W, fEEMENOK . W ECRUOIE . W B scH
B kAR ESRE T, Hb, W
AR . BORE M2 B AT R,
MOFs #FRHE R, X7k v i 4 i B 1 il W
FEE L B AL B AR . B
AR R e R O e s B, I B B e T
A AL 5 S ECAR AT R B RE AT . PRIk, i
PR B RE A 0918 M6 . 26 ok M S O ok A AR T
MOFs WAk 4 & B T W RE 1 o #8171, MOFs
Ky AAE K P B P B L L T A ) 5 de o B A T G
M. XIE 219204 MOFs 5 HAMR A WE4, £R
VG EAR LU L R A K il £ T Ze 3 MOFs 814 &2
AREE, f#PET MOFs fE/K b o) BAER S, 47 @
T MOFs #MRMEE 4 8 T B R i ni . o,
CF-FA-UiO-66-NH, ( CF {REA L4 ; FA {CERH R )
Xt Cr( VD) A AR & 14 W BFF 25 BR AR, IR B 25
318.85 mg/g, MIL %% MOFs 1k} EA A 1
KRG E M, X 4 B T W R e g Iz Y
QIAN ZEIFI ] MOFs " & @B T G6E T, ¥
B AN 4 — MW 4 R (EDTA ) 5] A
MIL-101-NHy(Fe)r, i 46 7R Kh B4 8 5+
BB, IWHE— ST T AR KRR E R o LAk,
o W B} FE 4 T S U R REEA T RSO RMB B, i8]
il & H T oL W EAE M 2 A kB ( FeNiy/
NiFe,0,@NC ) , HEA MR HH A (OER) fi
fEtEfiE, DL FeNisy/NiFe,0,@NC YEMHEALF], 4
T A 10 mA/em® B, s HA{UH 264 mV, Bt
TF 55 AN A W B 7 4 5 7 19 MOF's Bl P43t 1 1

Y, WEBMSE, NS H MOFs #RHE DL
TURFI R T R R

HRT, KR e A% (] 5 | & i) o 22 AT
AR A, WK S HLER B EOKERY 90%LA |, KR
AR A IR K GE R R A B8R AR . TR K IR 1k
) MOFs #RB KRR E M . FLBR R/ ot L &
FRELKE , JeE T HXHE K IRIERE J1 . BT, MOFs
TEWGRKIR AL 9 R 222K MOFs il A R, 4 i
MR IEATH) . ZHAO Z5190K 4% 3k 4 T8 A Bl 28
ZIF-L 17 m Al , 15 2] T % 40 oK UK - i 49 K Al
(Co-CN) , I 5 KIRAM A B Z LB S
&, TERKRM B E L% (Co-CN-WA ) Y37
PR, TS SRR e 1) K FH B IK 30 A T 2%
K (B 8) o Hr, JEERZALEE % T 57
FITTARL, T Co-CN ELA KL 45 Ao 6 I ISR 5 A e e
s, MmSCMzZE E KR EEir. B,
&% (RO) AR KRG AR, BUAR
RO JEPEERZRAEILF] 99%, (BT E&EK b HYE
AT N4y, QNN N-E A H B (NDMA ) 173
TEAEA RIS WEN 2515005 53 1658 7 25 MOFs 44
KR WA TRA, TR T —Fh o 54 R
(PA) v, HBiEhne )@ 7 HA BB -
R, I 7R XA NDMA>90% 1% B 3%, X Sk fE
J& RO BT AN B A&,

K18 Co-CN-WA TAE/rE Rl
Fig. 8 Schematic diagram of Co-CN-WA working

[64]

2.2 ffgeduE

HAEVE M I EZ M REETR, &M H T A
AETER T T . BEE AT SR KR, K RERE AT AY
FLRBOREE, Wik, HAERE. ERiEERE
AR RE TR s 5 R RA EENE L,
221 wAdMAE AR

RE/E A EE AR S, 250 A2A
MM . BEE T RAW &, AMTEH
T AR FERT R, ABRPE R . TR RS
T LA R ST O TR L I AR T T R T R
FE . KA A . TR RTE R TR ) R DA
AWK A RRIR T K, HESh T AR REIR M R R, IF
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PRSP HRESERE IR R, SR — A~ 2L B
FUMRELY . MOFs FHRE R4 Y F RS e PR AT K Y
Eb 2 10 ARR 1 1 r Tt BB R 2 R A e b A B
THfE. BLAh, MOFs #kkEA B nl il i fLiE 25
P, AT AR L, XA
BT A B % . 7 B IR BUS &
FB, K T 50hukdt MOFs #1% ( PCN-222)
e AT B AL, W & T Hd nh mk B MOFs 4 B
(PCN-222-Cu) , JFf I TREm Rt . s

R, IRFE PCN-222-Cu ( S-in-PCN-222-Cu )
HHTE 3 CEETF, FEHF 800 Bl Y H & AT {45
£ 430 mA-h/g, FHEIZETECEN 0.045%, J5 k"
LI MOFs Mok, il & T 2 ML A M EHE R
HLR BB IRAE I 2, AR T Rk R T
FL Sl AN A o B R A R AR e AR R R . b
R, MM RE A, o LERRL S 2

a
ﬁ < 2
PEPNERDAIr .
TR X
—. o "‘\e
/,— — B
Li metal battery
d e
Zr-BDC-F/PVDF-HFP ===
Mechanical/thermal  7r-BDC-F,/PVDF-HFP 1 Fo
stability Zr-BDC-F/PVDF-HFP -
Long-term ITonic TFSI”
cycling ™ conductivity
Li*
. Lit
Specific Interfacial
capacity impedance
) ) LiTFSI
Electrochemical Li-dendrite
window inhibition

Quasi-solid-state electrolyte (QSSE)

IBIMRIZON ,  FT LASE T e A A 1 B

MEAFR [ A R L G R R A e
SZF Y2 T o [ 2 F R T by [ 2 T A
TERKFEEE Fooe 7RISR MHEE. Tk, &
T MOFs #kH 25 f i A9 212 ATF5E, MOFs
MR Z2 FLES AR RN K EL 3 TE AT Ry 8 A R L e s
)30 T AR A SV A5, . HUANG 25050014 7 B
A F Er it Ze-MOF, IELLR W R L -7
K (PVDF-HFP ) M3LIE, 1% T S PhRemEE A
fi#tlfi ( QSSE ) ——Zr-BDC-F,/PVDF-HFP (x=0. 2. 4) ,
K9 R T PRREL S LB ( TFST
R A= G R R R s BDC R IR ), H:
1, Zr-BDC-F,/PVDF-HFP QSSE 7E % i T J@ 8 5
B Li'd 5% (5.27% 10 S/em ) FIiE#%L (0.93) .
FW] MOFs M REg BFHER R VR B 7 S0, wT AR
AR R, JFEARER LT SR AT

gt [TFSIT
PVDF-HFP

F F | F F
} F
_______________________ o A—
F, F, |
I
F F
TESI TESI TFSI
Li ot Li .
L +
Lit G Lit ) B
L U o g
e TFSI TFSI
F F F—F F
Li* TFSI- PVDF-HFP Li* transport

K9 Zr-BDC-F/PVDF-HFP (x=0, 2. 4) #EFISHMENITEM (a~c) | PERE (d) ZSHHLH (o) mEEM

Fig. 9
HFP (x=0, 2, 4) as QSSEs!!*!

222 MBBEZH

HRAYE AR RE U RE, 2 L 7405 T 23 D UL JZ= L 2
for FIHE P A e, e P o A T SRR 22 ] I R /i
W SBRAKRE , 15 4 ad o vl 3 A AR A/ SR R A T
i AE . AL A AR RO Pl ST L, R TE4R
HHEATHOT R FERCR A IR AR G 2R A R
52 BR T H A AR B E 8 5 B2 TR 32 BT 2 A 56
TEo B 20 AR, BEE BRI HAR K KR,
A TR R SR R b D R R . TR
Ko TR R PR AF OB, R BAE R AR
Tl MOFs # 8} (c-MOFs ) (R Ho ity . fLAR

Schematic diagram of design principle (a~c), performance (d) and conduction mechanism (e) of Zr-BDC-F,/PVDF-

ATRAEPLRY, WA LT T AR 2% L 2 2 FE AR L

F 2T A 4 U5 oo 790 RO R T A T A SRR
MOF ( Co-BTH ) , JF75 %8 HAE M 9 v 45 2 H AR A
B TERE . 45 WoR, Co-BTH HLH B R
ER S TERE, HA LA R AR ERE, 1
1 A/g i L . 1 mol/L 1Y) KOH % B He H 25
KI5k 2316 F/g, 78 2 Alg i H i FAEFR 1000 ¥k
J5 . BB LL A 847 Flg, W 4k MOFs #1
BT T R A AR AR A KL, SRTA, MOFs
R WATIE PR 2 | SRS WA (IL)
BELASH S 1% i S ol ot o 28 D5 5207 I% MOFs #4847
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BIeiE, Lk MOFs S MR8 22 Ay o) 8, 3@ i
AL F254 . FIABEE T, H4 T FaEm
it HEBE 77 9 B #2 7H 9 CoNi-MOF . CuNi-MOF i
CuCo-LDH Hi#A18L, A MOFs #4815 M (1 $2 T
BT B . CHEN U5 i 8 e #0 FAEL, Kf
Oy AR AL SR 2 Ak, IR T ARG 3
T MOF-IL ()8 9 HL 25 4 1) L Ao 77 A 70 HL 8 g 2
B, 25 R, WHIFE MOF-IL W% 24
oA BT ORI A RCR T I R B e 1 A i
AET, JFRBAE TN bR A 2 0 R T AL B TE S i AR
B P A5 A (] 118 125 A2 i a3 AN ek Fe v 3l ) 2
W TAEXS MOFs #4254 P A 1T DL R L5 1
M, BAEENE L.

223 wA-FAA

S AHL, /A B T S DR
RE NS FEAR 20 A B[] RSB RIME A7 B 1, AE Bk b Dl
R B mEEA RN AT PR R R B
TAEWEE, Bk, ZER A TR EAT S e %
F RIS, B LA R AR T DA BB P B
P ARV 1L K AIE K4 T MOF-2, X H A Ak GE
HATHISE, EW T MOF-2 A HPEREFb AL i AL
il WFFE &I, MOF-2 [ i i fp b R 8l T — A4
ZIZR . R AL LG, X L] 3[R
YAYE T HAEREMIR T B R A7k, RIS B 9 B
LS HE A 7K 41 Fil DMF B9 PRI AL | = 4
At A4 HL 8 L AS W AR A B 3 A FLIR 3 ( UDR )
XHF5E MOFs [/ s bEE A S % 0 H.

15 52 () A HL AL R 4 PR BB LR B W S
Ko Horr, REWILAAN FATELEA BRI R
AL, Bk YRR R AE BE F A B R B ST
JimZ—. MOFs 5REMLEE, HIERE 7
GG, B —IERIRALTER], IRTHREG YR
AFARA LR . LT 250 ZIF-8 45K BoRfE
R, 5 5 S BRI 246 2% 4 B 1 2R I I e
(P1) B4, #47T ZIF-8/PL E4mAT (K 10) ,
HFR P D 2 5 A A7 [ i A 2R B . ZIF-8
TR B A BOR 1% 5 A B A o Y B o 5 R
JEE A 516.3 kV/mm, H4 PI(279.8 kV/mm ) &2
85%. XJEH A, ZIF-8 BYASHE G P A7 5 ] 3 i #4
WIS PIArFE5 6 B RIE L — 2 20 A 4
P T2 AR R, BRAILT Z A B
HLPRFE, M5 T B A AR T o . LT 45 i 3%
FEBRBKEY e ( PEL) f9—NH, F1 MOFs (1) Zn*", ¥
BTIERE N hSRE 2 S A M EZ AR,
ZMRIE 150 °CRFEA Eik 588.1 MV/m [ 285k
FE, L4l PEI & 85.2%. MLAN, v A M4 7
ER T T HOEL, Zn—N BB AR,

RERE " ARSI AL, TR T MOFs/3 5 W HL A
JR At RENERE .

P
s

SN Y
N g

: . In situ binding
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5 A é%
K%%{ M%@&ﬁ

3D multi-site bonding
network
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10  MOFs/BREEW e & A4 kbR 2 U7
Fig. 10 Schematic diagram of MOFs/polyimide composites'
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WAL RV 2 A2 R R A% O 2R A, AT Sk
PR E A O . Fa B N R L s R P A
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DL Sz 7 A 25 Hp 43 5 RN [RTUAC , it BT 9 RS 75 Tt o
A LR e A R 3 BAT sy ) BARRUE P Ak 2R R e
P, RTIE A AT B A i RO AR R A B, g [
WA EE 52 F FH . MOFs M4 RHEAT JE B 1 %) S iR 254 |
KR EFR DL S AR 0 16 M2 A, O ARSI AR b
F A ERAR A L
23.1 AHAEA

MOFs Sk TADUEM RN, HIE PR
JEF MOFs A% 5 {4 Ak T 14 A7 o5 R0 JH: Py 671 28 1) 4 £k
HPEGOK PR, MOFs A& E O . WA
W E AR ER , @A R E B (PSM) 5IA
A9 35 A7 A FIHE 2 45 74 0 78 1) A Ak 735 1 40 oK R
&, WRIVE N B B R e e A . BT, CiiRiE
) MOFs F:fi b7 7E 2 F A HL N b BA fE G
P, W45 . BEscH . -l . FRmaL . 5
IRAE R N, HA R ARSI (48 1) F 4k
e w2 (1IDP) b7 AT #5381 Bronsted fR1E
RENSAHE AL 22 P X B e PR S g, H X R 5 1 48
%o JIANG ZEB2f FF1E 1,1-E7K — 1) IDP % U2
M 5 EC AR, AR AT PO AN B R Rl 25 1) 2 AL
Dy-MOFs, &IICIE R 4 788 3 {03 e i B A7 A
i, Frf IDP ARBEIE 2 o B—#Y 0,0-syn 5%, H
AHXS T30 25 IDP i th B35 A9 Bronsted FRTE, K]
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MOFs 1] 38 i 3855 HAY G F RO Bk 38/ A
SIS LA 3 F A A0 7] A% X e 4 o
232 RAEAL

AR, MOFs ARHESC AL ST 2] 12 1)
5T, EEER MK E . e Co,
WE . ALY SE . MOFs BGAEALTE PR
Fe T H2E P SRR, 42 MOFs HoA I i (148
AT WIS o 11 8 MOFs SEAEEALHER 2 A
FENIRAME T, BT REW I A MOFs, HTFHMA
#| MOFs Bk G4+ #1iE (LUMO ) , %59¢
W e B 5 6 FHIEE (HOMO ) |, 1 i 1A
23U ES, T MOFs $RA5- 48 10k I 52 g AL

CO,/H,0
Substrates

Pl 11 MOFs Jgffbid 7 2 el )

Fig. 11  Schematic diagram of MOFs photocatalytic process'™

WANG %P5 o frd A EAE T, B MAgy
(M=Ag. Pd. Pt. Au) &EBHPIKHIE (NCs) %
£ MOFs ( Ui0-66-NH, ) H, il & T & & # %t
MAg,,@Ui0-66-NH,, XPS Fl[a] M X S
FHETE ( SI-XPS ) 25 AIE 5L, 78 MAg,,@Ui0-66-NH,
WRPIEW T z RISREE, SCRAMGT, B
MOFs FF 5] MAgy,, BEWSHEAT =R B far 43 55 .
AuAg,,@Ui0-66-NH, & B H fie ££ 16 15 F1 K 49 7]
PP FEGE T, H= &3 %A 3.6 mmol/(g-h), &
Agys@UiO-66-NH, 4 5.8 5. MLHIF5E il 45 45 4 kG
i AT A AE ARG AR R SR AL TR BeA,
PARRIBRAE S A HLECAR B PRIk SE MOFs ( PMOFs ) &
HARFNER ML MOFs #18H, nhutk o T4 B B
Ao ZUREMEE T, Bk | A S MOFs Z544
AEfE A BG5S MOFs [OGIEMY ., WANG 255
K FIVA R, 45T 3 B0 LT DU (4-3R 328 5 bk
( TCPP) ) MOFs, H./, Zr-Ni PMOF E.A 1710
SEMEAFR G PERE, RRUE RIS R4 T 07 A B M AR

b5 H, 7= (5 CO, mJE ) |, AU Rk
MOFs FkFe i oL T2 5, b G (o PG A2 591 336 ol
IRT%, i MOFs Stk ik R Mo 44t 7R il &
AL RIS
233 WiEAL

MOFs A1 RHEA w] J& 3 i FLBR 45 F4 Fn = & 1)
AR TG PE S, FE R AL RN A 3 T A A
5%, HHl, T MOFs HLAEL I IT £ 5 vh 1 B i
oK i 52 e M U0 ( HER ) T 48 s ( OER ) |
“HfbaRiE ) (CORR ) . ik (ORR) FIAL
J5 (NRR ) %5y 080881

LUO WU “—#ik” |, 7EiiRE L& T
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Hrpr, CdFe-MOF HA It 5 12 AR K 43 it 8 ( OER
F1 HER ), 7€ 280 mV A}, Hor {2236 PR E U ECSA)
FFEALAT R ( TOF )43 535 3.02 mF/em® F10.325 s,
Wi R RIS (DFT) HHERAE, Cd 51
DT EAEA ROV I RE 22 o HLF ST O L4 R WL ) g H
AL B BT AL T B PN SL 0 JE At o SR1T, MOFs
MOBHE AL D T P RO E S AR R | RuetE:
WA, BT U — 20N . LIN 25004
XF BRI, 4 T B #2210 B-MOF-Zn-Co, Jf¥
HARKAEREE F, 5287 mgrk R a3 eke 4
¥ i) B-MOF-Zn-Co@NF {4k 5], 27128 H
7 19 OER T 1, 76 100 mA/cm? LR B K HAT 362 mV
PG Lz, JUHJETEIZAT 300 h 5, {UH B 3.6%
R R ZER , RIS R M. LIRS IE A
AT B4 SR TR A5 58 2032 T+ MOFs 3
AT RS e M o
24 HYEZEHE

Bt N ZAt 2 1 & B A BT K B AN T 4 v
A W R 2 Ak 0ot S R I FH T R R R %) B SR R TR 4
L, HA RO E A EY . 29U ESREA LT
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2006 4F,HORCAJADA %P2y 1 i fh HAT K
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Bsh 112 . 5155 38k (MCM-41 ) f EE, MIL-101
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MOFs B 5 B4 K I FIAHEFLBRZ5 4, Befe/E
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PRI T TOKEER BB ETIEE, 7Em MR 1
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243 BIEETT

FEAE B ARACT R« IR T ME RS K B
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