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The Synthesis and Evaluation of Layered Zirconium Phosphate and Aluminium
Phosphate Intercalated by Quaternary Ammonium lons
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The layered phosphates, mainly represented as M"Y (HPQ,), - nH,0 (M : metal ion), are the compounds
which have the layered crystal structures. The layered phosphates have a lot of advantages such as high selec-
tivity, and high stability against the strong acid solutions, radioactive rays and temperature owing to their
steric structure as inorganic ion exchangers. Lately, the layered phosphates are remarked increasingly as a host
material for intercalation compounds. If the quaternary ammonium ions can be intercalated into the layered
phosphates, the disadvantages of heat resistance for organic medicaments might be improved and antibacterial
properties might be provided to the phosphates.

Zr(HPOy)s - HyO and AlH,P50,, - 2H,O were selected for the present investigalion as hosts of intercalation
of the quaternary ammonium ions. It is clarified that benzalkonium ion intercalates easily in Zr(HPO4)s » HyO
by the reaction between benzalkonium chloride solution and Zr(HPQ,), - H;0, and almost pure intercalation
compounds can be obtained at the concentration of the benzalkonium chloride less than 5.7 mmol dm ~3. On the
contrary, butyl amine treatment is necessary for the intercalation of the quaternary ammonium ions to
AlHyP30; + 2H50. The intercalation compounds obtained here show the sterilizing effect for several bacteria
and improvement of the thermal stability of quaternary ammonium ions by holding in Zr(HPO4)2 and
AlHoP50,q - 2H,0.
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Quaternary ammonium {ons used in the present study.
(a)benzalkonium ion, (b)cetylpyridinium ion
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Fig. 2 X-Ray diffraction patterns of «-ZrP and those interca-
lated with benzalkonium ion at various levels.
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Table 1 Benzalkonium ion content in intercalation compounds.

Benzalkonium ion content
Weight (%)

BZ concentration
(mmol dm-3)

mmol/g- o -ZrP

140.0 12.0 .43
28.0 29.9 1.6
14.0 34.5 1.65

8.4 36.3 1.79
5.7 37.0 1.85
2.8 37.4 1.88
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Fig.3 X-Ray diffraction patterns of AIP and intercalated com-
pounds with quaternary ammonium ion.
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Table 2
a) Antibacterial performance of BZ-ZrP

Minirmum inhibitory concentration (mg/dm?)

Bacteria

a-ZiP BZ-ZrP
Staphyloccus aureus >2000 <50
Escherichia coli >2000 100
Klebsiella pneumoniae >2000 100
Pseudomonas aeruginosa >2000 50

b) Antibacterial performance of BZ-AIP

Minimum inhibitory concentration (mg/dm®}

Bacteria
AlP BZ-AIP
Staphyloccus aureus >2000 <50
Escherichia coli >2000 100
Klebsiella pneumoniae >2000 100
Pseudomonas aeruginosa >2000 50
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Fig.4 DTA and TG curves of (a) a-ZrP, (b)benzalkonium chlo-
ride, and (c)BZ-ZrP.
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Fig.5 DTA and TG curves of (a)AlP, (b)benzalkonium chloride,
and (c)BZ-AIP.
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Fig. 6 Change of quaternary ammonium content in intercalation
compounds of AlP at 473K heating.
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