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Introduction
Hexaaluminate as a promising high temperature combustion catalyst has drawn much attention due to it high thermal stability and catalytic performance in methane combustion (Eguchi and Arai, 1996).  The anisotropic growth of the nanocrystalline hexaaluminate along the [001] direction occurred at high temperature, allowing retaining the moderate surface area, 5 m2g-1 at 1600 (C.  The hexaaluminate contained catalytically active components in the structure, thereby inhibiting the loss of active component at high temperature before the structural collapse occurred.  However, the characteristics of the hexaaluminate may depend on the synthetic conditions such as the different hydrolysis rate of metal alkoxides. 

In the present work, we have utilized the commercial alumina sol containing 10% Al2O3 of which the size was 10 ~ 100 nm for the synthesis of metal substituted hexaaluminate, using the surfactants such as cetyltrimethylammonium chloride (CTACl), SE-30, LE-40 and Triton X-100.  These surfactants were utilized to form the thermally stable hexaaluminate without employing the costly source materials, metal alkoxides and complicated preparation procedure to attain maximum heat resistance, such as the freeze drying or sol-gel method.  The obtained sample was characterized with the BET method, X-ray diffraction method, scanning electron microscopy and methane combustion reaction

Experimental

CTACl (25 wt%, Aldrich), SE-30 (C18H37(OCH2CH2)30OH, 99%, Hannong Chemicals, Inc), Triton X-100 (99% Junsei Chemicals) were used as received without further purification.  Alumina sol (10% Al2O3, 10 ~ 100 nm, Nissan), La(CH3COO)2(xH2O (99%, Aldrich) and Mn(CH3COO)2(4H2O (99%, Aldrich) were used as starting materials.  

An exemplary synthetic procedure was shown as below.  1.47 g of lanthanum acetate and 1.00 g of manganese acetate were dissolved in 20 g of 25 wt% CTACl solution at room temperature.  This addition may result in the formation of a sticky gel.  Further 50 g of alumina sol was added slowly to the solution containing the surfactant and the metal ions at a rate of 5 g per min under a vigorous stirring.  The solution was further stirred for 30 min.  Then, in order to achieve the complete mixing, the solution was subject to the ultra sonic treatment (160 watt/ 43 kHz) during 1 h at room temperature.  After aging the obtained solution for 24 h at 100 (C, the aged mixture was allowed to dry in an oven at 100 (C.  The obtained powder sample was calcined in air at 550 (C K for 6 h and further at 1200 (C for 6 h.  Other surfactants, Triton X-100 and SE-30 were diluted to 20 wt% solution with water for the synthesis.  

Results and discussion

Fig. 1 shows the X-ray diffraction patterns for the sample synthesized in the presence of CTACl.  The X-ray diffraction pattern of the sample indicated the presence of (-Al2O3 with and without Mn and La when the sample was heated in air at 550 (C.  There was no separate MnO2 phase.  At low angle, a broad peak at 2( appeared to indicate the presence of the mesoporous structure in (-Al2O3 sample.  However, the intensity of low angle was much smaller than that of mesoporous alumina reported by Davis et al. (1996) who used the anionic surfactant and the Al alkoxide as starting materials.  Indeed, the surface area for both samples was ~ 250 m2g-1 smaller than that reported in the literature.
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Fig. 1. X-ray diffraction patterns of (a) the Mn/LaAl11O18 heated at 800 (C, (b) (-Al2O3 heated at 550 (C (c) the Mn/LaAl11O18 heated at 1200 (C and (d) (-Al2O3 heated at 1200 (C.  The inset shows the low angle region of the X-ray diffraction pattern with the same legend.  The bar below the diffraction pattern indicates the peak position of (-Al2O3 (ICDD data no. 23-1009) and LaAl11O18 (ICDD data no. 33-0699), respectively.

Further heating the sample at 1200 (C for 6 h induced a drastic structural change as shown in Fig. 1.  The (-Al2O3 phase was found to transform to high purity (-Al2O3 phase.  It was known that normally the (-Al2O3 phase was transformed to (-Al2O3 at around 1000 (C (Bagshaw et al. 1996).  Further, the low angle peak is present in the (-Al2O3 phase even after heating at 1200 (C.  It suggested that the alumina have still mesoporous structure, resulting in a low density and a relatively high surface area. The surface area of the (-Al2O3 was found to be controllable to 10 ~ 70 m2g-1 by changing the Al2O3/CTACl ratio as illustrated in Fig. 2.
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Fig. 2. Dependence of the surface area of (O) the (-Al2O3 and (() the Mn/LaAl11O18.  The both samples were heated at 1200 (C for 6 h. 

Incorporation of La and Mn also converted the (-Al2O3 phase into the LaAl11O19 phase, magnetoplumbite structure as indicated in Fig. 1.  The hexaaluminate structure can be obtained readily at 1200 (C.  The elemental analysis of the sample using EDX showed the atomic ratio of Mn and La was equal to 1.  Fig. 2 shows the surface area of the Mn/LaAl11O18 sample, depending on the Al2O3/CTACl ratio.  Incorporation of La and Mn led to the decrease of the surface area compared to the pure (-Al2O3.  The catalytically active component, Mn is also possible to aid the sintering process of the hexaaluminate, resulting in the decrease of the surface area.  Increasing the heating temperature to 1300 (C resulted in the decrease of the surface area to 23.2 m2g-1.  The considerable decrease of the CTACl concentration in the reaction mixture affects little on the surface area probably due to the formation of the metal substituted hexaaluminate.

Various additives have also been utilized either to modify the structure of the micelle structure or improve the physicochemical properties as listed in Table 1.  At 2.76 Al2O3/CTACl ratio, the surface area of the Mn/LaAl11O18 sample can be increased by 45% when urea was used as an additive, compared to the one prepared without urea as an additive, 28.7 m2g-1.
Table 1.  The effect of the additive and the Al2O3/CTACl ratio on the BET surface area of the Mn/LaAl11O18 measured at 77 K using liguid N2. 

Al2O3/CTACl
M
M/CTACl
SBET (m2g-1)

2.8
-
-
28.7

2.8
Urea
40
41.6

62.8
-
-
30.8

62.8
Xylene
40
26.5

62.8
Xylene
5
26.1

62.8
1-butanol
40
24.5

62.8
Acetic acid
10
20.7

62.8
1-butylammine
10
31.7

*All samples were heated in oxygen flow at 1200 (C for 6 h.  
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Fig. 3. Arrehnius plot of methane combustion for the Mn/LaAl11O18.

Neutral surfactant such as LE-50, SE-30 and Triton X-100 were also utilized in the synthesis of the Mn/LaAl11O18. Fig. 3 shows the Arrehnius plot of methane combustion over the Mn/LaAl11O18. The activity per gram of the Mn/LaAl11O18, 3.7( 10-7 mol g-1 sec-1 at 500 (C, was comparable to that reported (Dalla Betta, 1997). The T10 and T90 where the 10% and 90% conversions reached were 490 (C and 720 (C, respectively.  The metal-substituted hexaaluminate prepared in the present work shows the comparable activity to that derived from the sol-gel method.  In summary, surfactant–mediated synthesis of manganese substituted hexaaluminate has utilized a cost-effective and also environmentally benign Triton X-100 and neutral surfactants, SE-30 and LE-50 with nanosized alumina sol.
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