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Scheme 1 The synthesis of 5-AP from biofurfural-derived dihydropyran by hydration and reductive amination process
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Table 1 Metal loadings and textural properties of NiFe(x)-Al-O catalyst samples with different Fe/Ni molar ratios

Ni content” /%

Fe content’ /%  BET surface area”  Average pore Ni’

Ni’ particle size” /

Catalyst
(Mass fraction) (Mass fraction) /(m*+g™) diameter’ /nm  crystallite size' /nm nm
NiFe(0)-Al-O 20.2 0 297.2 7.7 34 4.1
NiFe(0.125)-A1-0 20.0 2.5 245.0 8.3 32 4.0
NiFe(0.25)-A1-0 20.3 5.1 220.1 8.5 3.0 35
NiFe(0.5)-A1-0 20.0 10.2 236.2 7.4 39 3.7
NiFe(0.75)-A1-0 20.1 15.3 226.1 6.1 42 5.5

a. Obtained from XRF analysis; b. BET method; c. BJH desorption average pore diameter;

d. Calculated from the Scherrer equation; e. Measured from TEM.
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Fig.1 XRD patterns of samples with different Fe/Ni molar ratios:
a.0; b. 0.125; c. 0.25;d. 0.5; e. 0.75
(A) NiFe(x)0-Al-0; (B) NiFe(x)-Al-0; (C) NiFe(x)-Al-O in the 2 6 ranges of 42° ~46°
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[#12 “R[A] Fe/Ni BE /R L NiFe(x)-Al-O B TEM [£]
Fig.2 TEM images and metal particle size distributions of NiFe(x)-Al-O catalysts with different Fe/Ni molar ratios

(a) 0; (b) 0.125: (¢) 0.25;(d) 0.5; (e) 0.75

0177 nm +Nl
NizFe &

513 AL NiFe(0.25)-A1-0 Y HAADF-STEM %] (a) LA K T BETE 5] (b)—(e), 2R 4RI 1] () I HRTEM [¥](g)
Fig.3 HAADF-STEM image (a) of NiFe(0.25)-A1-0 with the EDX elemental maps of Ni-K (b), Fe-K (c), Al-K (d), and O-K (e), and
HAADF-STEM image EDX line spectra of Ni-K, Fe-K , AlI-K and O-K along the red line (f) and HRTEM image (g)
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Fig.4 Temperature-programmed reduction profiles of calcined

NiFe(x)0-Al-O catalysts with different Fe/Ni molar ratios

500 CLLF, Hog 2k 5 R Fe* & A7 700 C LA
2220 B 7 350~450  °C 22 [ f19 A i
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JEIE 2228 NiFe X4 J A Ak ) HE BT 1 5L | i
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R 8y, e A S0 (IR RS o) . L IR 1, THAE
U6 (185~440 °C) I T JE WL I NiFe,0, 18 Ji 4 Fe,0,,
I 1 Bl % Fe,0, 18 J5U R Fes0, 2. 55 I H, 114 #8 1
(> 440 °C ) JAF NiFe,0,i8 )50 Ni fil Fe, LIS NiO 5
ALO, 7 [l T 2 A9 M EL A JH R 38 500 Ni- > HL-TPR
SRR, Fe B A R4 )R Ni FEMALF b i E e
T NIiO Byib st , 3X 22 5 XRD S5 R iR ny i
Al NiO PP IE AT G, IR0 NiO 5 ALO, 3 AH B
YEF, M7E Fe,0, 5% TF Y NiO ) Fh(NiFe,0,) # 5}
2.2 EUFIEHEIER

2 R TAFMEIERIAE 60 “CH12 MPa H, T

R2 TAEMELFIFE2-HTHP FIS 1 RA & & fh a0 8

Table 2 Catalytic conversions and selectivities of different catalysts in the RA of 2-HTHP with ammonia®

OH
o +NH,, H,

—_— HOMNHZ + HOMOH + HO

NH

5-AP 1,5-PD 5-1p
2-HTHP +HO Ny O
5-HPIP
Selectivity /%
Catalyst Conversion /%
5-AP 1,5-PD 5-1P 5-HPIP Others"

NiFe(0)-Al-O 100 65.6 1.9 54 16.9 10.2

NiFe(0.125)-A1-0 100 73.1 2.0 5.8 9.4 9.7

NiFe(0.25)-A1-0 100 84.4 4.1 32 2.8 5.5

NiFe(0.5)-Al-0 100 80.7 4.0 39 4.7 6.7

NiFe(0.75)-A1-0 100 575 7.1 4.1 11.9 19.4

Fe-Al-O 92.3 0 0 46.6 0.2 413
Ni/Zr0," 100 56.7 3.0 0 0 1561
Ni-Mg,AlO,* 100 83.4 2.7 2.1 6.4 5401

ALO, 92.8 0 0 43.6 0 56.4

No catalyst 91.1 0 0 42.6 0 574

a. Reaction conditions: 15 g 21.9% 2-HTHP aqueous solution, 15 g 25% ammonia, 2 MPa H,, 60 °C, 1 h. 0.1 g; b. 0.33 g;

c. 0.17 g; d. Including the dimmers of 2-HTHP and some undetected by products.
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Reductive Amination of Biomass-Derived 2-Hydroxytetrahydropyran
to 5-Amino-1-Pentanol over Bimetallic Ni-Fe/Al,O, Catalysts

YANG Jian"?, LI Xue-mei', ZHANG Jia"?, LIU Hai-long', TIAN Jun-ying',
XIA Chun-gu', HUANG Zhi-wei'
( 1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences, Lanzhou 730000, China; 2. University of Chinese Academy
of Sciences, Beijing 100049, China )

Abstract: Al,O; supported NiFe bimetallic catalysts with different Fe/Ni molar ratios (0, 0.125, 0.25, 0.5
and 0.75) were prepared by co-precipitation method for the reductive amination (RA) of biofurfural-derived
2-hydroxytetrahydropyran (2-HTHP) to synthesis valuable 5-amino-1-pentanol (5-AP) and best catalytic performance
was obtained when the Fe/Ni mole ratio is 0.25. The effect of metal Fe modification on the catalyst structure, in
combination with the evaluation of the catalytic activity and stability was studied in 2-HTHP reductive amination.
The results show that incorporation of appropriated Fe could improve the dispersity and reducibility of the catalyst.
Moreover, the formation of Ni-Fe alloy structure showed better catalytic activity and stability on bimetallic catalyst.
Through the XRD and TEM analysis of the used catalyst showed that the Ni-Fe alloy structure could effectively
inhibit the sintering and leaching of active metal particles, thus significantly improving its stability.

Key words: NiFe bimetal; biomass; reductive amination; amino alcohol; structure-activity relationship



