PR ST S RLH 2021,15(4) :414-422
Materials Research and Application

http://mra. ijournals. cn

Email:clyjyyy@gdinm. com

XEHS:1673-9981(2021)04-0414-09

KGR H F MIL-101 K& H Bt iz A Z K

AT ZoRER DT F N RAR, AR

Lo E AR (R RO TR B, LW AR 75 % 266580 2. Frili A Ak T5 Qe o4l S5 Ab B K 8 1 5200 %, LR 95

5 266580

& E: MIL-101 2 —F LB ) MOFs M4k, B A L3R TH AR (FLIE 2544 F & S5 W AR ik | 768 R %
B2 8 AR SR A e 2 i3 B A O T AT BRI R IS AR, MIL-101 7 78 4l fk 5 72 2
Fe ALZETGE D B —  Lewis R 1 50 55 45 B, B R M BELAS T LA A R S S R N R O e sk
# MIL-101 J ok 2150 AR FT #4805 . L MIL-101 (925 F9 RRAE A 1 & o5, g7 T alidk oy X 9 k3
B TC HE R o A 2 R 45 TR N K Bk ) 45 MITL-101 B R0 . I M 7 48035 4L 2y R & i A 2
S5 7 D, Ok PG U 0 T vk AT B S |, 3R W] AT AR AR SRR 2 1 B B R AT 5 R T R LS
IR A B g . ER X B R MIL-101 A4 RHE W85 & B T A7 76 10 ) £ BUAS &5 A8 90 1) FH 26 41K 4%
AN R AR AT P AT ] o D RE AL A b R S A, LI BRI Y i 1 4% 7 Uk 5 A A Y B
WAL

X417 MOFs; MIL-101; KA i dob s 52 44k

hESES: TQ424. 29 SERARIRED: A

513 AR S PEANAR, KR, X055, % K PGE U # MIL-101 K B i BUIR [T 1. APRHIESE 5 0T, 2021, 15(4) - 414-422.
PAN Tiantian, WANG Yonggiang, LIU Fang, et al. Preparation of MIL-101 by hydrothermal synthesis and its modified
application[ J]. Materials Research and Application,2021,15(4) :414-422.

4 J& A PLHE 42 (Mental-organic frameworks,
MOFs) & Jo Hl 43 J& 25+ A A7 HL G AR A Bl c o7 2 A
) 22 AL AR R R . 3 MOFs 1 8 i i L
K, AH AR A AN [F] 288 R AR AE G, T R 2 U 2
MIL-101"%". MIL-101 5 f& ¢ g W% B b4 BHAR Lo B A5
PLUR R (DB A HLBCIR B, B L 3% 1w R
AR LA B =438 18 5 (2) 2509 7T 38 PR 5, AT 4475 oK
BT (1% L T R0 3R T 25 4 5 (3) IE A6 B HL AT ]
P, Al G A A 8 i 28 4R T MIL-101 HE 22 1Y 25
W5 IREST . PR ST MIL-101 3% 2 5 % 4F
P AR W R S B AR R AR

Y75 B #3: 2021-07-14

AE RGN e B R O B L (R MIL-
101 o A7 75— Sefle o5, 5] b ek 4l fh 2 A5 52 2 il 2%
RORAR AL 205 P rh s B — K Lewis B2 M 4555
&L I, MIL-101 /9 il £ 1 A 5 25 74 0 58 1 42 7
ZOCE B HHAENTT .

ZEIR T MIL-101 1Y 25 48 R o5 R il % O v, B
B 3 Ak 7 S AR RN P L L A R AR A A G
G DR 2R 6 K B MITL-101 4 5% o 78 2, O ok —
g MIL-101 25 48 20 R M Re 32 T 48 1 e P 19
Fik. AT MIL-101 & Al ad 72 o Br 77 46 7Y 1n)
JEHE RS R MIL-101 @9 AIF 5% g3, 5] i i 22

ELTE . ILAE AKRF ST H (ZR2019EE112) 5 1 & 48 & S 0F & 1121 (2020CXGC011201)
PEZ B A PEAEE(1996-) , o, INAR T 8 A W+, T BF5E 5 11 0 3058 R 48 b Rk i il 45 B i
WIS TR, P E AR (R Mt B BAZ, 5055 7 7)o SR B AR ROR B I e s hl B R .



15K i

P, 25 K PG ) A MIL— 101 K H gl 4 137 FH 301K 415

T o 35 R0 4 K Ak o K 52 B 7 L # B 2 JR  J)
1 MIL-101 # Bl & &l & F ik

M (TIT) =X 28 — F iR /%6 2 — R R i 7 A= ) (M=
Cr,Fe,Al,V,Mn, In) J& MOFs #1 ¥} dr — /4~ P 8 1
ST E, HhEEAMEHIEELRIERE
Ferey ZLHZ iR & 4 AL AY MIL-101, H4rF X
J9 Cr,F (H,0) O[ (0,C) CH, (CO,) ];-nH,0 (n=
25), 45 1 s . AWEN T AT DL, = 4% Z i 3R

(a) e

Chromium trimer

(h> §

1,4-BDC ligand

Hybrid supertetrehedron

I [Cr,0(CO,) | 5 X — H iz (H,BDC) iy ¥ 3
AH T B Bl L VU T R 235 4, DU T A I T T
AT M E A MTN 4 1 0 (0 30 5 4% 45 /7
MIL-101 9 b 2 1 LUK 2 78 4000 m*/g P b, HAFAE
AHANRAN2.9nm FHHEHKLA N L. 2nm W 138
W R AN RA 3. 4nm FHEHKRA N1 4
nm [ 75 T a5 L i s g R R AE R T T MIL-
101 5 08 0 B Vel 5l ok A B 7 19 MOF s 44
Bz —.

Mesoporous Cages

(e)

£ | ~34A

Pentagonal Windows Hexagonal Windows

B 1 MIL-101 Y& & 4k 7 & A
Fig. 1 Schematic diagram of the synthesis and structure of MIL-101
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Table 1 Preparation method of MIL-101
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Fig.2 Principle of hydrothermal synthesis
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Table 2 Pore structure performance parameters of MIL-101 synthesized by different purification methods
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Table 3 Pore structure performance parameters of MIL-

101 synthesized with different alkaline
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Fig.3 CUS site formation mechanism of MIL-101
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Preparation of MIL-101 by hydrothermal synthesis and its modified application

PAN Tiantian', WANG Yonggiang"*, LIU Fang'?,ZHAO Chaocheng',ZHENG Qiuyu'
1. College of Chemical Enginnering , China University of Petroleum ,Qingdao 266580, China;2. State Key Laboratory
of Petroleum Pollution Contorl,Qingdao 266580, China

Abstract: MIL-101 is a typical MOFs material with large specific surface area and rich pore structure. It has
huge application prospects in gas adsorption and separation, catalysis, gas storage and drug transportation.
However, MIL-101 also has the disadvantages of a complex purification process, single chemical active
center, weak Lewis acidity, etc., which greatly hinder mass production and practical application.
Therefore, the efficient preparation of MIL-101 has become a current research hotspot. Based on the
structural characteristics of MIL-101, this article summarizes the effects of purification methods,
mineralizers, reactant ratios and crystallization conditions on the hydrothermal preparation of MIL-101. The
methods of modification and modification are summarized from the aspects of loading active components, in-
situ synthesis and doping, which show that the structure design and control can be carried out according to
the raw material molecules and adsorption products to achieve specific structures and functions. In view of
the high preparation cost and low cycle utilization of the current MIL-101 material in the preparation and
synthesis, research suggestions such as the introduction of active groups to prepare functional composite
materials are proposed, in order to develop efficient preparation methods and universal new types material.

Key words: MOFs; MIL-101;hydrothermal synthesis;modification; composites



