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Table 1. List of important patents on halloysite applications

Country  Patent No. Date Title Assignee
Us 5049382 91-9-17  Coating and composition containing lipid USA Navy
microstructure toxin dispensers
Us 5492696 96-2-20 Controlled release microstructures USA Navy &
Geo-Centers, Inc.
uUs 5651976 97-7-29  Controlled release of active agents using inorganic =~ USA Navy
tubules
Us 5705191 98-1-6 Sustained delivery of active compounds from USA Navy
tubules, with rational control
Us 5719197 98-2-17 Compositions and methods for topical administration Noven Pharmaceuticals,
of pharmaceutically active agents Inc.
Us 5846555 98-12-8  Organic/inorganic gels for delivering controlled Eastman Kodak
quantities of active compounds in aqueous solutions Company
US 5932204 99-8-3 Controlled release of substances Ceramatec, Inc.
UsS 5989586 99-11-23  Two-phase matrix for sustained release drug delivery Cygnus, Inc.
device
Us 6280759 01-8-28 Method of controlled release and controlled release USA Navy
microstructures
US 6401816 02-6-11 Efficient method for subsurface treatments, including USA Navy
squeeze treatments
US 6452564 02-9-17  RF surface wave attenuating dielectric coatings USA Navy
composed of conducting, high aspect ratio
biologically-derived particles in a polymer matrix
US 20060163160  05-1-25  Halloysite microtubule processes, structures, and Weiner, Michael L
compositions
uUs 7125476 06-10-24  Microwave-attenuating composite materials, methods USA Navy
for preparing the same, intermediates for preparing
the same, devices containing the same, methods of
preparing such a device, and methods of attenuating
microwaves
US 20070106006  07-5-10  Polymeric composite including nanoparticle filler NaturalNano, Inc.
US 20070148457 07-6-28  Radiation absorptive composites and methods for NaturalNano, Inc.
production
US 20070202061  07-8-30  Cosmetic skincare applications employing NaturalNano, Inc.
mineral-derived tubules for controlled release
KR 19977006726 97-12-1 ~SAETAL 42| Folshy] A WYY 4¥F  Aolz 29
H2}]-A) 2
A ukst
1990-131402  90-5-21 Water-base liquid bioactive composition Mikasa Kagaku Kogyo
KK
Jp 1996-048613  96-2-20  Powdery cosmetic Kanebo Ltd.
JP 1996-048614  96-2-20  Make-up cosmetic Kanebo Ltd.
JP 2000-256087  00-9-19  Slow releasing fertilizer Toyobo Co Litd.
EP 0542977 93-5-26  Oral composition based on an antibiotic material Union Metropolitaine
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Fig. 1. The number of patents on halloysite applica-
tions per year.
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Fig. 2. The number of patents on halloysite applica-
tions by country.
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Table 2. List of important articles on halloysite applications

Author Title

Journal Year

Price, RR; Gaber, BP;
Lvov, Y

Lvov, Y; Price, R;

In-vitro release characteristics of tetracycline HCI,
khellin and nicotinamide adenine dineculeotide from 2001
halloysite; a cylindrical mineral

Thin film nanofabrication via layer-by-layer adsorption

Journal of
Microencapsulation

Colloids and Surfaces

Gaber, B: Ichinose, 1 of tubu'le halloysite, spherical silica, proteins and A-Ph}./swot:hemlcal and 2002
polycations Engineering Aspects
Shchukin, DG;
Sukhorukov, GB; Halloysite nanotubes as biomimetic nanoreactors Small 2005
Price, RR; Lvov, YM
Veerabadran, NG, Clay nanotubes for encapsulation and sustained release NANO: Brief Reports
. . 2006
Price, R., Lvov, Y. of drugs and Reviews
Lu, Z., Eadula, S., Zheng, . . . Colloids and Surfaces A:
7. Xu, K., Grozdits, G. Layer—by.-layer nanoparticle coatings on lignocellulose Physicochemical and 2007
wood microfibers L
Lvov, Y. Engineering Aspects
Shchukin, D.G., Surface-engineered nanocontainers for entrapment of Advanced Functional 2007
Mohwald, H. corrosion inhibitors Materials
Levis, SR; Deasy, PB Characte.rlsatlon of halloysite for use as a microtubular  International Jogmal of 2002
drug delivery system Pharmaceutics
Use of coated microtubular halloysite for the sustained International Journal of
Levis, SR; Deasy, PB  release of diltiazem hydrochloride and propranolol . 2003
. Pharmaceutics
hydrochloride
Kelly, HIM; Deasy, PB; Formulation an.d preliminary in vivo dog studies of a International Journal of
. . novel drug delivery system for the treatment of . 2004
Ziaka, E; Claffey, N . = Pharmaceutics
periodontitis
L . Journal of
Byme, RS; Deasy, PB  Use of porous aluminosilicate pellets for drug delivery Microencapsulation 2005
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Fig. 3. Technology tree: Functional cosmetics carriers
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2. Active agent
loading

1. HNT Extraction,
Separation and Synthesis

Loading and releasing of active
agents depend on diameter,
length and surface
characteristics of HNT, as well
as properties of agents and
thickness of coating materials

3. Biocompatible
polymer coating

Fig. 4. Schematic of a manufacturing procedure for
the controlled release of functional cosmetical agents.
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