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Table 1 Binding energy of Co-AT catalysts and

Co-containing reference materials

Sample Co 2P, , (eV) Fe 2P,,,(eV)
Co-AT-1 782.0 712.6

Co;0," 781.0 -
CoAl,0," 782.2 -
CoFe,0,° 781.9 712.3

a 30]
" Pure Co, 0, reference value "’

" Pure CoAl, O, reference value /!

* Pure CoFe, O, reference value ')
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TEREAT 2 1T = 4.
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Table 2 Surface atomic concentration of Co-AT catalysts
derived from XPS CoAT-5
Surface atomic concentration ( % ) 2
Sample <
Co Fe 0 Al g CoAT4
Co-AT-1 1.509 3.713 63.513 5.257 £ CoAT-3
£
Co-AT-2  1.625  3.020  62.501  5.369 Z o
g -
Co-AT-3 2.306 2.935 63.962 5.654 = AT
Co-AT-4 2,472 2.198 65.179  5.680 &7%m’ /4
1042cm o s’ \ a750m”
Co-AT-5 3.172 2.074 65.268 5.727 . . . . . . .
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2.31R ﬁ*ﬁ’ Wavenumbers (cm'l)
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Table 3 The oxidation of cyclohexene over different catalyst

Conversion Selectivity (% )
Sample
(%) I 1l Il I\
Carrier 24.4 5.6 31.8 60.2 2.4
CoAl0," 26.4 2.7 29.2 64.9 3.2
CoFe,0,° 55.2 3.7 30.6 60.9 4.8
Co-AT-1 52.9 3.9 31.8 61.4 2.9

a. Reaction Conditions; temperature, 95 °C ; pressure, 1.2 MPa O, ; time, 4 h; catalyst amount 15 mg,

cyclohexene 39.4 mmol; b. Pure CoAl,0, reference material™’ | 5.0 mg;

c. Pure CoFe,0, reference material " 5.0 mg
CoAL O, I HEAL G E 5 #idA AT #2305, 17 CoFe, O, 1)
HEALTE PRI 5 T CoAL O,, 5 Co-AT-1 FH24. Kt
A LA R CoAl, O, % B4 O 4 i) A AL 2 A AR/ N Ak

2.4.2 G JF SR R R

YEHT, Co-AT-1 iy T EAEAL TG 042 CoFe,,.
M4 TR W, B
SR AR I, PO T RS TR,

®4 S EXELF LRI

Table 4 The effect of cobalt contents in the catalyst on the conversion and selectivity*

Catalyst Conversion ) Selevtivity (% )

(Co content) (%) TON I I I v
Co-AT-1 (0.44% ) 52.9 18 632 4.4 31.8 61.4 2.4
Co-AT-2 (0.57% ) 51.0 13 866 3.0 31.0 62.7 3.3
Co-AT-3 (2.82% ) 58.8 3231 1.3 30.4 63.1 5.2
Co-AT4 (4.01% ) 48.0 1 855 0.6 30.7 61.8 6.9
Co-AT-5 (17.14% ) 46.1 417 0.7 29.4 63.6 6.3

a. Reaction Conditions; temperature, 95°C ; pressure, 1.2 MPa O, ; time, 4 h; catalyst amount 15mg; cyclohexene 39.4 mmol

b. Moles of substrate converted per mole of metal (Co) in the catalyst
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Table 5 Reuse of the catalyst

Recycle Conversion Selectivity (% )
No. (%) I I I I\
Fresh 52.9 4.4 31.8 61.4 2.4
1 51.5 1.9 33.7 61.8 2.6
2 52.4 2.3 33.0 6l.6 3.1
3 51.3 2.2 33.4 61.4 3.0
4 51.0 3.5 31.6 59.9 5.0

Reaction Conditions: pressure, 1.2 MPa O, ;
temperature, 95°C ; catalyst amount 15 mg;

time, 4 h; cyclohexene 39.4 mmol
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Preparation, Characterization and Catalytic Oxidation Performance

of Co Supported Attapulgite Catalysts

ZHANG Yan "?, LI Zhen ', SUN Wei ', XIA Chun-gu '

(1. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics,
Chinese Academy of Sciences Lanzhou 73000, China;

2. Graduate School of the Chinese Academy of Sciences, Beijing, 100049, China)

Abstract: A series of Co-AT (attapulgite) catalyst samples were prepared by wetness impregnation method. De-

tailed characterization was conducted by X-ray diffraction (XRD), X-ray photoelectron spectroscopy ( XPS) and

Infrared spectra (IR), and the results indicated that there existed interaction between Co and support and which

can lead to the formation of spinel of CoAl,O, and CoFe,0,. All catalysts were employed in the liquid-phase oxida-

tion of cyclohexene with oxygen in the absence of any solvents or reducing agents. Among the catalysts tested, Co-

AT-1(0.46% Co) gives the best result , and it can be efficiently reused at least four times. The oxidation activity

of catalysts could be mainly attributed to the presence of CoFe,0, rather than CoAl, O, resulting from characteriza-

tion.

Key words: Attapulgite; Co; Molecular oxygen; Catalyst; Cyclohexene oxidation



