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Pt/MIL-101(Cr) for the Selective Hydrogenation of Cinnamaldehyde to Cinnamyl Alcohol

LU Ning-Yue ZHOU Fan FAN Bin-Bin* LI Rui-Feng
(Institute of Special Chemicals, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: MIL-101(Cr) supported Pt nanoparticles (Pt/MIL-101(Cr)) catalyst was prepared by a facile impregna-
tion method and used as an efficient catalyst for selective hydrogenation of cinnamaldehyde (CAL). The results of
XRD, TEM and N, adsorption and catalytic evaluation showed that Pt loadings greatly influenced the size of the
supported nanoparticles on MIL-101(Cr) and the selectivity to cinnamyl alcohol (COL). Pt/MIL-101(Cr) catalyst
with a low Pt loading (1.0%) exhibited much higher catalytic activity and COL selectivity in the selective
hydrogenation of CAL as compared with Pt nanoparticles supported on other MOFs or inorganic supports, and its
activity and selectivity to COL can reach 96.5% and 86.2% under optimized reaction conditions, respectively.
The prepared Pt/MIL-101(Cr) catalyst is stable and can be reused at least five times without significant loss in
the activity and selectivity. The excellent catalytic performance of Pt/MIL-101(Cr) is greatly related with the unique
structure and surface property of MIL-101(Cr) support.
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Scheme 1 Reaction path for the hydrogenation of CAL
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Fig.1 XRD patterns of the parent MIL-101(Cr) and Fig.2  Pore size distribution curves of MIL-101(Cr) and
PYMIL-101(Cr) catalysts PY/MIL-101(Cr) (1.0%)
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Table 1 Textural properties of MIL-101(Cr) and Pt/MIL-101(Cr) catalysts
Sample Pt loading® / wt% Sper® /(m?+ ™) Vi /(em®-g™) D> /mm

MIL-101(Cr) — 2 133 1.09 2.11
PyMIL-101(Cr) (0.5%) 0.47 1901 1.01 2.04
PYMIL-101(Cr) (1.0%) 0.98 1778 0.95 2.01
PY/MIL-101(Cr) (3.0%) 2.97 1 706 0.93 1.92

* Determined by ICP; " Determined by N,adsorption.
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Fig.3 TEM images of PYMIL-101(Cr)(0.5%) (a), PUMIL-101(Cr)(1.0%) (b) and PYMIL-101(Cr)(3.0%) (c)
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Table 2 Hydrogenation of COL over the different Pt/MIL-101(Cr) catalysts

Catalyst

Conversion / %

TOF / h™

Selectivity / %

HCOL Others
PUMIL-101(Cr) (1.0%) 11.6 23 98.7 13
PY/MIL-101(Cr) (3.0%) 724 47 99.1 0.9

Reaction conditions: catalyst 0.05 g, COL 2 mmol, isopropanol 10 mL, H, pressure 4.0 MPa, 80 °C, 4 h.
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Table 3 Catalytic performances of the different catalysts in the selective hydrogenation of CAL

Selectivity / %

Catalyst* Conversion / %

COL HCAL HCOL
MIL-101(Cr) 23.8 82.2 2.3 15.5
Pt/MIL-101(Cr) 96.5 86.2 1.0 12.8
Pt/MIL-53(Al) 81.6 81.6 1.8 8.6
PvZIF-8 3.0 79.7 9.9 3.4
pv/C 61.8 774 1.3 21.3
P/Si0, 98.5 60.1 2.7 37.2
Pt/ALO; 87.8 66.1 1.7 322

* Pt loading in all catalyst is 1%; Reaction condition: catalyst 0.05 g, CAL 2 mmol, isopropanol 10 mL, H, pressure 4.0 MPa, 80
C, 4 h.
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Fig.5 XRD pattern of the used PUMIL-101(Cr)(1.0%) (a), TEM image of the used PUYMIL-101(Cr) (1.0%) (b) and
Recycling of PYMIL-101(Cr) (1.0%) for the selective hydrogenation of CAL (Reaction conditions: catalyst
0.05 g, CAL 2 mmol, isopropanol 10 ml, H, pressure 4.0 MPa, 80 °C, 4 h) (c)



2330 Jd Hl fk

%31 4%

#o% 4R

WA RAERENG, hIE 5c)Fin, AR & E A
5 IEIAIRER T RGPk, PR BEE £ M A
A EORFEAAE B 5 5 1 PYMIL-101(Cr)
(1.0%) # — i@ i ICP & I H Pt A 4 & H
0.96wt% , ix K W], 71 8 T MIL-101(Cr) | Pt 44 K
KL EA R v, L R RS e M T B il T 1 2
[ Pt 48 K UKL 35 5] 73 A 72 MIL-101(Cr) B 22, i
FEAE S b A AN R A b B AT R I,

3 % #

=H

K I B 5 AT iR BE il 4 TR [E Pr &
1) PYMIL-101 (Cr) #EALF], Pt iy fh 485 X 77 20 T
MIL-101(Cr) I Pr 44 K7 A9 RUF B e il 2% 4 Ak 551
X RRERE A R BEPE A AR K, gk 1.0% Pt W
PYMIL-101(Cr), 7EAR ALY SR S5 4T 1R 2 1k %%
FRUGT PRI I 1 S8 6 1 1T 3 113K 96.5%F11 86.2% ., P/
MIL-101(Cr)fEAL R B A R4 AR e 1

SE k.

[1] Ma S, Zhou H C. Chem. Commun., 2010,46(1):44-53

[2] Li J R, Sculley J, Zhou H C. Chem. Rev., 2012,112(2):869-
932

[3] Dhakshinamoorthy A, Garcia H. Chem. Soc. Rev., 2012,41
(15):5262-5284

[4] ZHAO Can(E&4l), ZHANG You(3K L), XIE Meng-Lin (i %5
), et al. Chinese J. Inorg. Chem.(RAUAL % ¥ R), 2015,31
(4):781-788

[5] Férey G, Mellot-Draznieks C, Serre C, et al. Science, 2005,

309(5743):2040-2042

[6] Farrusseng D, Aguado S, Pinel C. Angew. Chem. Int. Ed.,
2009,48(41)48:7502-7513

[7] Neri G, Bonaccorsi L, Mercadante L, et al. Ind. Eng. Chem.
Res., 1997,36(9):3554-3562

[8] Gallezot P, Richard D. Chem. Rev., 1998,40(1/2):81-126

[9] Machado B F, Morales-Torres S, Pérez-Cadenas A F, et al.
Appl. Catal. A: Gen., 2012,425-426:161-169

[10]Mahata N, Gonalves F, Pereira M F R, et al. Appl. Catal. A:
Gen., 2008,339(1):159-168

[11]Raspolli Galletti A M, Toniolo L, Antonetti C, et al. Appl.
Catal. A: Gen., 2012,447-448:49-59

[12]YU Jian-Yan (4 2 ), SONG Shao-Fei(K 41 &), YE Su-
Fang(" % J7), et al. Chinese J. Inorg. Chem.(% LAt 5 5
), 2014,30(2):271-276

[13]Han X X, Zhou R X, Yue B H, et al. Catal. Lett., 2006,109
(3/4):157-161

[14]Li Y, Zhu P F, Zhou R X. Appl. Surf. Sci., 2008,254(9):
2609-2614

[15]Zhang B, Zhang X B, Xu L Y, et al. Reac. Kinet. Mech.
Cai., 2013,110(1):207-214

[16]Shi J J, Nie R F, Chen P, et al. Chem. Commun., 2013,41:
101-105

[17]Guo Z Y, Xiao C X, Maligal-Ganesh R V, et al. ACS Catal.,
2014,4(5):1340-1348

[18]Galvagno S, Capannelli G, Neri G, et al. J. Mol. Catal.,
1991,64(2):237-246

[19]Handjani S, Marceau E, Blanchard J, et al. J Catal., 2011,
282(1):228-236

[20]Ramos-Fernandez E V, Ferreira A F P, Septlveda-Escribano
A, et al. J. Catal., 2008,258(1):52-60





