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Development of Mesoporous Pillared-Clay Composite
and Its Application to Protein Adsorbent

Toshihiro Yamaguchi!, Toshiaki Nakao!, and Yoshio Nishida®* (Aichi Industrial Technology Insti-
tute, 1-157-1 Onda-cho, Kariya 448-0003"; Food Research Center; Aichi Industrial Technology Institute,
2-1-1 Shinpukuji-cho, Nishi-ku, Nagoya 451-0083%) Seibutsu-kogaku 87: 314-318, 2009.

Mesoporous composites with pores of approximately 10 nm have been synthesized from aqueous
mixtures of hectrite clay mineral and polyvinyl alcohol (PVA) by a melt intercalation of aluminum salt and
fatty acid. The mixed solution was stirred and dried, followed by a heat treatment in air at 600°C for 4 h
to remove the organic residues and oxidize the aluminum salt into alumina. Specific surface area and pore
size distribution of the resulting pillared-clay composite, estimated by BET and Barrett-Joyner-Halenda
(BJH) techniques, varied considerably depending on the alumina/clay ratio but less with the carbon chain
length of fatty acid used. Protein adsorption behavior of the composite was investigated by two different
ways; one was to immerse a fixed amount of the composite into an increasing amount of a protein solution.
The other was to drop the protein solution into a vertical column reactor filled with the composite.
Both the methods gave very similar values for the ultimate protein adsorption (~15mg per 1 g of the
composite), demonstrating a rapid adsorption of protein molecules to the nano-sized pores of the
composite.
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Fig. 1. Pore size distribution of pillared clay composites synthe-
sized in lauric fatty acid with different weight ratios of alumina
to clay. Alumina/Clay: +, 0.50; V, 0.75; O, 1.00; <, 2.00.

Fig. 2. FE-SEM image of a pillared clay composite synthesized
in lauric fatty acid with an alumina/clay weight ratio of 1.0.
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Table 1. The specific surface area and pore volume of the
mesoporous composites synthesized with different weight
ratios of alumina to clay.

Specific surface area Pore volume

Alumina/Clay

(m?g) (cm?¥/g)
0.50 150 0.17
0.75 157 0.21
1.00 223 0.32
2.00 216 0.35

The mesoporous composites synthesized by using sodium
laurate.
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Fig. 3. Pore size distribution of pillared clay composites synthe-
sized in various fatty acids with an alumina/clay weight ratio
of 1.0. Symbol in parentheses stands for the number of carbon
chain of fatty acid used. Symbols: X, caprylic acid (C8); O,
lauric acid (C12); [, stearic acid (C18).
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Table 2. The specific surface area and pore volume of the
mesoporous composites synthesized with an alumina/clay
ratio of 1.0 and various fatty acids.

Specific surface area Pore volume

Fatty acid

(m?/g) (cm?/g)
Caprylic acid (C8) 221 0.33
Lauric acid (C12) 223 0.32
Stearic acid (C18) 240 0.36

Table 3. A comparison of the specific surface area and pore
volume between mesoporous composites synthesized
from a small (10 g) and a large (100 g) amount of the
starting clay mineral.

Specific surface area Pore volume

Scale (m?/g) (cmg)
Small 223 0.32
Larger 174 0.23
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Fig. 4. Pore size distribution of pillared clay composites synthe-
sized from a small (O: 10 g) and a large (A: 100 g) amount
of the starting clay mineral.
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Fig. 5. Protein removal ratio and the ultimate adsorbed protein
for a 1 g of the composite as a function of the amount of pro-
tein solution immersed for 2 h.
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Fig. 6. Protein removal ratio and the ultimate adsorbed protein
for a 1 g of the composite as a function of the amount of
protein solution using the column processing.
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Table 4. Protein removal attained at the repeated number of
cycles (25 and 50) of the adsorption/regeneration test.

Cycles Protein removed (%)
25 70
50 73
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