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Catalytic Performances for Hydroformylation of Cyclohexene
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SU Peng-He' ZHEN Lu-An' CHEN Ya' LIU Xiao-Tong'
ZHU Bao-Lin' ZHANG Shou-Min' HUANG Wei-Ping*'*
(‘College of Chemistry, Nankai University, Tianjin 300071, China)
(Collaborative Innovation Center of Chemical Science and Engineering, Tianjin 300071, China)
(Key Laboratory of Advanced Energy Materials Chemistry (Ministry of Education), Nankai University, Tianjin 300071, China)

Abstract: Novel silicate nanotubes supported amorphous Co-B (Co-B/MgSNTs) were synthesized via a hydrothermal
method followed by impregnation-chemical reduction processes. The catalysts were characterized with X-ray
diffraction (XRD), transmission electron microscopy (TEM), X-ray photoelectron spectrometer (XPS), atomic
emission spectrometer (ICP) and brunauer-Emmett-Tellerv (BET) surface-area analyzers. The catalytic activity and
recyclability of catalysts for hydroformylation of cyclohexene were evaluated. The conversion of cyclohexene over
the catalysts is 75.8% and selectivity for aldehyde is 65.8%. The results indicate that Co-B nanoparticles were
deposited on the inner and outer surface of MgSNTs, which had large specific surface area and high stability.
Furthermore, the tubular structure of nanotubes could prevent nanoparticle from agglomeration. The catalyst used

for 3 recycles shows good catalytic activity.
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Conversion of cyclohexene=
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Selectivity of cycohexyl formaldehyde=

Generation rate of cyclohexyl formaldehyde / (mmol - g¢, ™ +h™)=
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Table 1 Specific surface area (SSA) of Hydroformylation catalysts

Sample Co content / % (w/w) SSA / (m2-g™) Pore size / nm
MgSNTs — 250 3.3,4.2, 8.9, 18.8
MgSNTs-300 — 236 3.9, 5.0, 9.8, 20.8
Co-B/MgSNTs 4.75 210 2.8, 4.6, 10.5
Co-B/MgSNTs-300 5.61 195 29,48, 11.1

2.4 XPS ##r 20 7 F 188.3 eV AL WIETT IHJE F Co-B AYAH H.

SCHk 22 R L XPS W2 & Co-B i AL 1 K i
B.Co JCE MRS &1 & 3(a) WA Co-B/
MgSNTs-300 1 Co2p MRS, HESGHER 70k 4 4
g 43 5T 781.1,785.9,796.3,802.9 eV, 454 ik
1E 781.1 F1796.3 eV I HIE N Co*WFh | Ji4b—4H
U Sk B I AR N A R & 3(b) i w Bls A T
191.5 1 188.3 eV 1 2 &5 & fiEls . T 191.5 eV

VP | i W6 8 0 b B9 A7 A6, 3% 2 45 10 T il XPS
AT 2 B Co T & 7EHE AL Hh (9 AR X S5
o AR T 11, X S EEEAY &
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Table 2 Co, B elemental compositions of the catalyst
derived from XPS

Element B Co
MR T AR, KRR
om fraction / % 7.37 8.16
e R 0 o HREEE AP IRE S #A
) 1915
188.3
810 805 800 795 790 785 780 715 19 194 192 190 188

Binding energy / eV

Binding energy / eV

Kl 3 Co-B/MgSNTs-300 ¥ it i) (a) Co2p F(b) Bls 19 XPS 1% &l
Fig.3 (a) Co2p and (b) Bls XPS spectra of Co-B/MgSNTs-300
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Table 3 Influence of support processing on hydroformylation of cyclohexene®

Catalyst Syngas pressure / MPa Temperature / °C Conversion / % Selectivity / %
Co-B/MgSNTs 4.0 130 48.5 52.5
Co-B/MgSNTs 5.0 140 52.7 58.0
Co-B/MgSNTs 6.0 150 68.3 62.3
Co-B/MgSNTs-300 4.0 130 52.3 54.6
Co-B/MgSNTs-300 5.0 140 55.2 60.1
Co-B/MgSNTs-300 6.0 150 75.8 65.8

* Reaction conditions: 5 mL cyclohexene, 65 mL tetrahydrofuran, 1.0 g catalyst, 10 h of reaction time and VooV =2:1

2.6 Co-B/MgSNTs-300 ZE3R 2 I S A Bt 4k < 5z

KB ERF A

SEYRTE ST R IR R RS E M ROV SE R IR
LA B, R 10 Sk IR LR RS A
FNEAE AR M FEAURAREE ROV, A S0 4L
PEUNFR 4 PR 434 Al | Bl e A 004 FH O 25 i 1
n, WA TR, N 75.8% T K2
67.5%, O FEH IR A Bl 2l 43.8 mmol - g¢, ™ -

h™' FEACE] 36.0 mmol - gg, ™'+ h™", 3% 2 K A Ak 57 6 T
5 AR SE G RTEE BB 2 TR AR PR 520 i 7% (181 2
(e)), T 3 B AL ) 0 05 PR A P AR, > Ak im
ANFEE WL 5 2 L7 5 AL TR R TR E X1
Tl TR B 20 K A5 3 g S T T AL S I 3804, SR TR
ot~k 27 38 1 1 45 19 Co-B/MgSNTs-300 Ak 5] fii:
et sE MBS
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Table 4 Recycling of as-prepared Co-B/MgSNTs-300 catalyst*

Catalyst Conversion / % Selectivity / % Generation rate / (mmol - g¢, ™" +h™)
Co-B/MgSNTs-300-1 75.8 65.8 43.8
Co-B/MgSNTs-300-2 70.8 82.81 39.1
Co-B/MgSNTs-300-3 66.5 79.54 353
Co-B/MgSNTs-300-4 67.5 80.26 36.0

“Reaction conditions: 5 mL cyclohexene, 65 mL tetrahydrofuran, 1.0 g B-Co/MgSNTs-300, 150 C and VoV w,=2:1 with

syngas pressure 6.0 MPa
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