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Resear ch progress on solvent-free green synthesis of
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Abstract: Metal-organic framework (MOF), a new type of crystalline porous material, has been widely
explored and shows great application value in the fields of catalysis, gas separation, sensing, and drug
delivery, especially in the field of fine chemicals. Its industrial application depends on its large-scale
preparation at low cost. However, the traditional solvothermal synthesis method consumes loads of organic
solvents, with the disadvantages of low output, high energy consumption and difficult waste liquid
treatment, and does not meet the standard of green chemical industry development. The green preparation
method of MOF is gradually moving towards solventless to achieve the balance between economic benefits
and environmental benefits of industrial production. In this review, the solvent-free green synthesis of MOF
was focused on, and the strategies of vapor-phase assisted synthesis, mechanochemical synthesis,
solvent-free direct conversion, and accelerated aging synthesis, were reviewed ranging from less solvent
and green solvent synthesis to trace or even solvent-free synthesis, with the advantages and disadvantages
of each method analyzed. The necessity of achieving large-scale amplification synthesis was pointed out,
and the development prospect of MOF in large-scale commercial applications in the future was discussed.

Key words: desolvation preparation; green synthesis; steam-assisted synthesis; mechanical chemistry;

accelerated aging

YoFs BHA: 2024-02-24; EFBEHI: 2024-04-07; DOI: 10.13550/j.jxhg.20240157

ESUIR: HEXARPIEEEH FWH (22278288) ; EREHARSESTERIE (22090062) 5 WA LT HFHEETH
(202203021224005 )

TEE R BSCR (2003—) , B, E-mail: 13355007961@163.com, BKREA: Bx 45 (1988—) , B, RIWFFES:, E-mail: chenyangtyut@
163.com,



+268 - A% 4m 4 T FINE CHEMICALS

42

4 @A B4 MOF JEAE T 20 42 90 4R,
AN TG TR, ©m 48 H o
(& BB THEIERE ) SAPIAR A A28 R B
W 245 ZE AR AR BCASE AL B 00 o 45 HL 5 F 110 72 [ 2 3 ] fi]
ooy R —2E . e SHEEMINESRIL Y, AL
I AARRTE R AN, 1999 4F, LI 2P kA T
WS B AEVEY MOF-5, Hiuh @i+ zn®
SAE LB K R (H,BDC ) DI\ AL 0%
B, WA AL 0 =4 B %8 . MOF-5 1)
HBUAA LA IR AELR Y & SR 35 T At . MOF #h2
a, RIEH AR B PO A HLECAR R AR TR, MOF
HAMRFBZEH . FLIETER BT i LB R
SF R IRZER , AT AR A BRI R pilan . 7E
flfL MOF 5| AL, "HH# L%l MOF, # 1 X}
AN RIS SRS T 438 5 ik 2L MOF [WfLiE
LEMPEATIE MR, ATARIS AR TR A A, 1058 ) il
FIEERCREY, HAh, i A AR 2R B
Fal A HUBCAR S 4 8 B 1 2 I A ke, Al X

MOF [ bR AR AE AN ZE A S BGEATIRE, p k]
RRAEAN [] ) Tl 7 FH 37 54 € A [R1 2544 ) MOF , 1E 2
1T MOF Ay BEn] i, {Ff MOF 7E R FH AR T43
TSR THZAM RE B #, HAH X MOF
AT 2R LTS (B 1a) o (Bl FE5
AR TR BRI E A L MOF feRER R . X
WG Ye, —4 MOF 4 )& iy, W[Pd(2-pymo),],
(2-pymo A 2-FRFEMENE R I T Pl 5t L AR
FERARE R, SEUMOF i T kit i g, 4,
VB R MR E B9 MOF, 1 HKUST-1 ( Basolite
C300) . MIL-100(Fe) ( Basolite F300 ) %545 %45 R
AR A, BT, SRA R MOF ik £54
FRARVRANGBY A 0L . MUMIAL A5 B . JE ) B e AL
DL ZA A A (b)) o TR RHER
RG-S 508 . WAL MR KAREL . 259
ik . REVRAEAF 5 e 4 5 o U LA B SR T I
T RE T IR I B o R IR £ 1 () A8, HAE R
4 Ak TR Y R A B0V R

8000 - COMOFAIRHFFT & R
7000 | I MOF & SRS ST R SO
6000
EESOOO_
4000
&
3000
2000 -
1000

2015 2016 2017 2018 2019 2020 2021 2022 2023

E 1 T Web of Science $UH EZT 1] 2015~2023 4E[A] £ K& # 56 F MOF MRS H XFEH G (a) 5 MOF SR04 By

5B FE (b)

Fig. 1  Number of published articles on MOF-related research from 2015 to 2023 based on Web of Science database (a);
Green synthesis methods and structural characteristics of MOF materials (b)
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Fig. 2 Schematic diagram of preparation of MIL-100(Fe)
by dry gel conversion method (a)!'”); Schematic
diagram of internal structure of experimental
equipment for steam-assisted xerogel transformation
of MOF-74 (b, ¢)?"1; Preparation of highly oriented
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Fig. 5 Schematic diagram of synthesis of columnar MOF using liquid-assisted grinding (LAG) with ZnO as precursor (a);

PXRD patterns of MOF 2 synthesized by DMF LAG, simulated the known DMF solvate of MOF 2, MOF 2
synthesized by desolvaton (b); SEM image of MOF 2 obtained by LAG with DMF as solvent (c); PXRD patterns of
MOF 3 synthesized by DMF LAG, simulated DMF solvate of known Cu-analogue of MOF 3, MOF 3 synthesized by
desolvaton (d); Synthesis of two columnar MOF 2 and MOF 3 by LAG (e)P*”
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Fig. 6 Schematic diagram of synthesizing metal-organic
frame materials by extrusion (a)l*®); Mechanical
synthesis plant facilities of MOF technologies
(6)1; Cus(BTC), particles obtained directly from

raw materials by extrusion (c)!*’
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Fig. 7 Schematic diagram of mechanism of high-pressure
solvent-free synthesis of ZIF-8%]
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——

Solvent-free
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Fig. 8 Schematic diagram of synthesis of MOF membrane
by solvent-free space-limited conversion method!""
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Fig. 9 Schematic diagram of synthesis of enzyme/MOF composites by PISA
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