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Abstract

Carbon-covered alumina (CCA) has been reported to be a promising catalyst support or adsorbent. In the

literatures, most of CCAs were prepared by pyrolysis of gaseous hydrocarbon on alumina surface, which was usually not

uniformly covered by carbon. In this paper, a simple and novel process has been developed for the preparation of uniform

carbon-covered alumina wia pyrolysis of sucrose highly dispersed on the surface of alumina. In addition, the coverage

and number of carbon layers in CCA can be easily controlled by changing the sucrose content in the precursors and the

impregnation times.
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Carbon-metal oxide composites have been reported as a

81 and adsorption pro-

kind of promising materials in catalysis'
cess'”!" because of their favorable physical and chemical prop-
erties. Among them, carbon-covered alumina (CCA) is one of
the most intensively studied systems for its beneficial properties
of both alumina and carbon "', A synergetic effect may make
CCA superior to alumina or carbon in some cases. In the litera-
tures, CCA was usually prepared by pyrolysis of gaseous hydro-
carbon, such as acetylene, cyclohexene or ethane. It was reported
that the alumina surface was usually not uniformly covered by
carbon, probably due to the diffusion limitations of the car-

1,161 Tn this communication, a novel

bon-yielding hydrocarbon
and simple method for synthesizing uniform carbon-covered alu-
mina (CCA) wia pyrolysis of sucrose highly dispersed on the

surface of alumina is reported.

1 Experimental

Typical synthesis procedure for CCA is as following: at
first, sucrose / y-Al,Os precursors were prepared by impregnating
commercial y-Al,O; with aqueous solutions containing su-
crose. The loadings of sucrose in the precursors are shown in
Table 1. After drying at 90 C, the precursors were calcined at
600 C in flowing N, with a rate of 30 cm® *
h. The final products are labeled as CCAOl to CCAO08 listed in

min~' for 0.5

Table 1. In order to get uniform CCA with higher carbon con-
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Sucrose,

Composite material

tent, CCA03-2 was prepared, which precursor was synthesized by
impregnating CCA03 with aqueous solutions of sucrose (weight
ratio of sucrose to CCA03 was 0. 3: 1). Similarly CCA03-3 was
obtained, which precursor was CCAO03-2 covered by sucrose
(weight ratio of sucrose to CCA03-2 was 0.3: 1). The carbon
content of samples was determined by DTA-TG test performed
on a Dupont model 1090 apparatus, using «-Al:Os; as refer-
ence. Surface areas and pore volume were measured at 77 K on a

Micromeritics ASAP 2010 volumetric adsorption system.

Table1 Precursor composition, carbon content and

texture of CCA samples

Weight ratio of
€ Carbon content Sger Pore volume

Sample  sucrose to alumina

in precursor (w. %) (m® + ™) (em®+ g7")
Al,O4 - 0 128 0.48
CCAO01 0.1:1 2.0 133 0.46
CCA02 0.2:1 3.9 136 0.45
CCAO03 0.3:1 5.7 139 0.43
CCA04 0.4:1 7.4 140 0. 40
CCA05 0.5:1 8.8 141 0.39
CCA06 0.6:1 10.0 152 0.38
CCA08 0.8:1 12.7 164 0.35
CCAO03-2 - 9.6 141 0. 40
CCA03-3 . 12.5 143 0.35
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2 Results and discussion

It has been reported that sucrose can be dispersed onto the
surface of alumina ""'®, Using the same method, the dispersion
capacity of sucrose on alumina employed here was determined to
be 0. 35 g sucrose/ g alumina.

CCA synthesized from sucrose/alumina with different su-
crose content show different textures. As can be seen from
Fig. 1, CCAO03, whose precursor has a sucrose content lower than
the dispersion threshold, shows similar adsorption/desorption
isotherms as that of alumina; while CCA06, obtained from 0. 6 g
sucrose/ g alumina in which residual crystalline sucrose exists,
shows a new capillary step at p/ po ca 0.4 ~0. 7 in its adsorp-
tion/desorption isotherms and hence a new peak in its pore size
distribution curve. It indicates that in the high-carbon-content
CCA samples, a new kind of pores appears. Combined with the
results of XRD analysis, it is easy to deduce that this kind of
pores should be caused by the carbon resulted from the pyrolysis
of the residual crystalline sucrose.

As shown in Fig. 1, CCA03 and alumina have similar pore
size distribution, except that the most probable pore diameter de-
creases from 11. 7 nm of alumina to 10. 9 nm of CCAO03. This
change implies that carbon deposits on the surface of alumina
uniformly " '°!. In addition, it”s worthy to note that the differ-
ence between these two diameters is about 0. 8 nm, nearly twice
of the thickness of a graphite monolayer.

From the pore size distribution of CCA03 and CCA03-2
(shown in Fig. 2), it can be seen that their most probable pore
diameters are almost equal, which means that the thickness of the
carbon layer in these two samples are similar. Supposing that the

entire alumina surface is covered by a layer of carbon in the form
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Fig.1 Nitrogen adsorption-desorption isotherms and
pore size distributions (inset) for AlLOs,
CCA03 and CCAO06

of graphite, the carbon content can be calculated as about w =
9. 1% . Therefore, the carbon coverage of CCA03-2 with carbon
content of w =9. 6% is close to one. Assuming that the pores of
alumina are cylindrical, the theoretical distribution of uniform
CCA with one layer of carbon (named as OLCCA) with cover-
age of one can be calculated using the method adopted by Vissers
et al.""' . The theoretical curve of OLCCA is plotted in
Fig. 2. It's obvious that the experimentally determined pore size
distribution of CCA03-2 is almost identical to that of OLCCA. In
addition, with the same assumption, the squared ratio of the most
probable pore diameter of Al:O; to CCA03-2 is supposed to e-
qual the pore volume ratio of these two samples, and the experi-
mental results coincide with this supposition quite well.

As shown in Fig. 2, the most probable pore diameter of
CCAO03-3 is only 10. 2 nm, which is 1. 5 nm lower than that of a-
lumina, and the carbon thickness is almost twice of that in
CCAO03-2. It indicates that the second layer of carbon appears in
CCAO03-3. But considering its carbon content, the coverage of the
second layer of carbon should be lower than one. Comparison of
the experimentally determined pore size distribution and the theo-
retical one with two layers of carbon (TLCCA) is shown in
Fig. 2. These two curves are almost same except that the former
curve is a little higher than the latter one. Since the peak area
represents the pore volume, this result proves that the coverage of
second carbon layer in CCA03-3 is lower than one.

In order to characterize the surface properties of CCA, stud-
ies of rhodamine B adsorption were performed on pure alumina,
sucrose carbon, CCAO03, and the mechanical mixture of alumina
and sucrose carbon with the same weight ratio. Sucrose carbon

was prepared via pyrolysis of sucrose at 600 C in flowing N for
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Fig.2 Comparison of experimentally determined pore size
distribution of sample CCA03, CCA03-2, CCA03-3
with theoretical ones of uniform carbon-covered
alumina with one and two layers of carbon, named
as OLCCA and TLCCA, respectively.
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