Korean J. Chem. Eng2Q(6), 1142-1144 (2003)
SHORT COMMUNICATION
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Abstract—A salt of stearic acid, i.e., magnesium stearatgH(@OO)Mg], can be used as a chemical template for
the formation of mesoporous alumina, and is a less expensive reagent than stearic acid. Mesoporous alumina prepared
using this cost-effective surfactant shows similar pore properties with respect to pore size (3.5 nm) and surface area
(above 300 1g) to that prepared using stearic acid. In addition, textural porosity, arising from non-crystalline intra-
aggregate voids and spaces, was effectively removed by the addition of magnesium nitrate. The entire transformation
from aluminum hydroxide to active alumina was performed afG58nd the crystallinity of the product was con-
firmed by powder XRD analysi€Al MAS NMR result shows the phase of mesoporous alumina isahgnina form.
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INTRODUCTION ide (Fluka) were used as a surfactant and an aluminum precursor,
respectively. Magnesium nitrate (Riedel-De Haen) seebutyl
Activated aluminas have been used as catalysts and catalyst suglcohol (Fluka) were used as an additive and solvent, respectively.
ports for reactions such as hydrodesulfurization, the Claus reaction, The aluminum source and surfactant were dissolved separately
dehydrogenation and dehydration. Alumina is superior to silica bein seebutyl alcohol, after which the two solutions were then mixed.
cause of the higher hydrolytic stability and the different point of zeroAppropriate amount of additive was added to the mixture. Small
charge, which makes it easier to be loaded with different metal speamounts of water were slowly added dropwise to the mixture at a
cies. The performance of conventional alumina, however, is fretate of 1 ml/min generating a white precipitate. This resulting sus-
guently limited due to its uncontrolled porosity, deactivation by cok- pension was further stirred for 24 hr. The product was then dried at
ing and plugging that hinders the diffusion of reactants and prodroom temperature for 24 hr. The resulting materials were calcined
ucts. Thus, alumina supports with a narrow pore size distributionfor 3 hr at 550C in air. The molar ratio of this reaction mixture
uniform pore structure and high surface area are required for use iwas 1 AléecBuO),: 0.2 (GH,.COOMg:5 CH,OH:4 HO: 0-
practical industrial applications [Schiith et al., 1996]. 0.4 Mg(NQ),. N, adsorption/desorption experiments were carried
Beginning in 1996, the synthesis of mesoporous alumina wasut by using a Micromeritics ASAP 2010 analyzer, and powder
reported by several groups. Davis and Coworkers [1996] prepare¥-ray diffraction (XRD, M18XHF-SRA, MAC/Science) patterns
mesoporous alumina using an alkyl carboxylate as a surfactant. Theere recorded to determine the crystallinity of the prepared sam-
resulting materials, however, had an approximately constant porples. NMR spectra were obtained on a Varian-Inova spectrometer
size €a.20 A) that could not be tailored by changing the length of (300 MHz) at an MAS frequency of 6 KHz.
the surfactant chains. Yada et al. [1996] prepared hexagonally me-
sostructured alumina using dedecyl sulfate and aluminum nitrate, RESULTS AND DISCUSSION
and the mesostructure was destroyed when it was calcined. Bag-
shaw et al. [1996] obtained mesoporous aluminas from electrically As shown in Table 1, the pore properties of the mesoporous alu-
neutral assemblies of poly(ethylene oxide) and aluminum alkox-minas are dependent on the synthesis conditions, that is, the ratio
ides. Kim et al. [2002, 2003] prepared mesoporous alumina basedf magnesium nitrate to surfactant. Aluminas prepared without the
on a post-hydrolysis method, which showed superior pore characaddition of magnesium nitrate show a uniform pore size distribu-
teristics to the above mentioned methods, in ambient conditionstion (D.,..~1 nm), but a poorly organized framework porosity due
However, alumina prepared by the above methods entails a very
high production cost due to the high cost of raw materials, and thus
it has disadvantages in terms of application to industrial catalysis. Table 1. Pore properties of the mesoporous aluminas

In this study, mesoporous alumina was prepared by using mag-\mg(NO,),J[surfactant]  Se/mPg™  Velenig™  Dodnm
nesium stearate, a salt of stearic acid and a cost-effective material:

0.0 219 0.26 3.69
EXPERIMENTAL 05 271 0.30 3.57
1.0 311 0.31 3.56
Magnesium stearate (Riedel-De Haen) and alumsaaibutox- 1.5 238 0.22 3.53
2.0 219 0.20 3.56
To whom correspondence should be addressed. S+ BET surface area, VPore volume, ). pore size at maximum
E-mail: jyi@snu.ac.kr of pore size distribution.
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Fig. 2. XRD results of mesoporous alumina (the ratio of magne-
PIP, sium nitrate to surfactant of 1) calcined at temperatures of

Fig. 1. N, isotherms of mesoporous alumina prepared (a) with and (a) 450°C and (b) 550°C.
(b) without the use of magnesium nitrate.

a template [Kim et al., 2002], the phase transformation from boeh-
to its textural porosity (Fig. 1). Using various ratios of magnesium mite to y+alumina occurred after heat treatment at°@2for 3 hr.
nitrate to surfactant, the surface area and pore volume of mesoptn the case where magnesium stearate was used as a template, the
rous alumina can be controlled from 21%grand 0.20 cilg to entire transformation to activated alumina occurred atG%Big.

311 nifg and 0.31 cify, respectively. The pore size, however, re- 2). Typically, active alumina i andn-alumina, generally known
mained unchanged. It should be noted that the addition of magnes spinel aluminas because their structures are very closely related
sium nitrate has no effect on the size of the micelle structure, whiclto that of an Mg spinel [Wolverton et al., 2000]. XRD patterns of
is used as a template for the formation of mesoporous aluminas. Awoth active aluminas are similar, and it is not easy to distinguish
shown in Fig. 1, alumina prepared at the ratio (magnesium nitratethe phase. Therefore, the coordination of Al atoms to the active alu-
surfactant) of 1 shows larger surface area and pore volume than thosgna was investigated B{Al MAS NMR.
of the other aluminas, and has a uniquely well-developed frame- As-made alumina has mainly 6-coordinated Al atoms, in the form
work porosity. This phenomenon occurs due to the self-assembledf layered aluminum hydroxide. After calcination, 4, 5, and 6-co-
pathway via virtue of electrostatic force between the surfactant andrdinated Al atoms are present (Fig. 3). Tetrahedrd) édd octa-
precursor. The appropriate amount of the magnesium nitrate mightedral (Al') coordinated Al are produced as the result of dehydra-
act as an intermediate ion, and enhances the interaction betwedion and dehydroxylation of aluminum hydroxide, and pentahedral
the surfactant and precursor. An excess, however, weakened tifal") coordinated Al is produced by migration toward the tetrahe-
structure, leading to a poor textural porosity, the origin of which dral and/or octahedral sites [Krokidis et al., 2001]. As shown in Fig.
are the non-crystalline intra-aggregate voids and spaces formed &s the ratio of Af to Al" for calcined mesoporous alumina is 3.28.
a result of interparticle contacts.

In low angle XRD patterns (not shown here) of mesoporous alu-
mina, only one peak appears &tttween 0.5°3 This indicates A" (8.8 ppm)
that the prepared aluminas have different pore structures compare
to hexagonal mesoporous silica such as MCM-41 or SBA-15, whict
exhibits three peaks aBbetween 0.5%5 Thus, MCM-41 has a
1D cylindrical pore structure with a highly regular pore distribu-
tion, whereas the aluminas prepared here have a 3D interconnect
pore channel structure with a random pore distribution. These resul
are consistent with the TEM data. The TEM analysis (not shown) o (@)
the pore structure of alumina prepared at ratio 1 indicated a spong
like appearance, clearly demonstrating the advantage of a highl
inter-connected pore system. Similar pore morphology was founc

for alumina when cationic or neutral surfactants were used in thei _® AY (37 ppm)
preparation [Bagshaw et al., 1996; Kim et al., 2002]. PP

The crystalline phase of as-made and calcined mesoporous alun . : : ; .
na prepared at ratio 1 was confirmed by XRDZANAMAS NMR 200 100 0 -100 -200
analysis. The phase of the alumina was generally dependent on tl 8 (ppm)
temperature used in the heat treatment. The phase transformatigryy 3 2a] MAS NMR spectra of (a) as-made alumina, and (b) cal-
from bayerite ta-alumina is 230C, and from boehmite tpalu- cined alumina (the ratio of magnesium nitrate to surfactant

mina is 450C [Digne et al., 2002]. When stearic acid was used as of 1).
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From the literature, the percentage of 6-coordinated Al present is ture and Stability of Aluminum Hydroxide: A Theoretical Studly,
reported to be 75+4% Alfor yalumina and 65+4% Alfor n-alu- Phys. Chem. BLOG 5155 (2002).

mina [Sohlberg et al., 1999]. Namely, the/Al" value is 2.4-3.8  Kim, Y., Lee, B. and Yi, J., “Synthesis of Mesoporgéddumina through
in yalumina and 1.6-2.3 ip-alumina. Therefore, mesoporous alu- Pre- and Post-hydrolysis Method&jrean J. Chem. Endl9, 908
mina prepared in this study is almost idealumina. (2002).

In conclusion, mesoporous aluminas with a high surface area anlim, ., Kim, P., Kim, C. and Yi, J., “A Novel Method for Synthesis of
an uniform pore size were synthesized by using a cost-effective tem- a Ni/Al,O, Catalyst with a Mesoporous Structure using Stearic Acid
plate, i.e., magnesium stearatg.adsorption/desorption isotherms Salts;'J. Mater. Chem 13 (2003)
show similar properties to previously reported alumina, but the texKrokidis, X., Raybaud, P., Gobichon, A.-E., Rebours, B., Euzen, R. and
tural porosity is retained. This textural porosity can be removed by Toulhoat, H., “Theoretical Study of the Dehydration Process of Boe-

adding magnesium nitrate. XRD &8l MAS NMR results show hmite toy-Alumina; J. Phy. Chem. BL05 5121 (2001).
that the prepared alumina waalumina with a spinel structure. Schuth, F., “Non-silicious Mesostructured and Mesoporous Materials;
Chem. Mater13, 3184 (1996).
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