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GOLD NANOPARTICLE-HALLOYSITE
NANOTUBE AND METHOD OF FORMING
THE SAME
BACKGROUND OF THE INVENTION

[0001]

1. Field of the Invention

[0002] The present invention relates to a cermet that is a
metal-ceramic compound, and more particularly, to a alumi

nosilicate clay nanotube in Which gold nanoparticles are

densely distributed.
[0003]

2. Description of the Related Art

[0004] Metal nanoparticles has physically and chemically
different characteristics from other compositions because
they have the very small siZe and the special structural char
acteristic. For example, the metal nanoparticles are mostly

applied to catalysts, engineering devices, electronic devices,
biomedical materials and the like.

[0005] In particular, the gold nanoparticles are currently
Widely studied. The gold nanoparticles are applied to various
?elds such as a curing agent, a biosensor, a catalyst, and a
carrier in respects to a visual molecular sensor. In addition, in
the case of When the gold nanoparticles are dispersed in an

aqueous solution, the gold nanoparticles have the high activ
ity because of the Wide surface area. HoWever, it is dif?cult to
maintain the gold nanoparticles in a nonassembly form. As a

method for preventing assembling of the gold nanoparticles,
there are a method for using a surfactant, a method for using
a thiol anchoring group, and a method for using a mercap

toammonium ligand.
[0006] The halloysite is a nano-siZed plate type, and has a
structure in Which different layers are alternatively layered in
a ratio of 1:1. In addition, it is present in a natural state in

alumino silicate. The outside surface of the halloysite includes
a silicate layer, and the silicate layer mostly includes anions of
the pH of 2 or more. In addition, the alumina layer is provided
from the silicate layer to the inside thereof.
[0007]

It is Widely knoWn that the clay material can act as a

used, there is a problem in that the siZe of the nanoparticle is
large, so that it is di?icult to ensure the Wide surface area

thereof.
[0011] Formerly, the present inventor has disclosed a tech

nology for synthesizing the gold nanoparticle on the surface
of the carbon nanotube [Hole-Doped Single-Walled Carbon
Nanotubes: Omamenting With Gold Nanoparticles in Water,
Kim D S, Lee T, Geckeler K E, AngeW. Chem. 2005,l 18,1 10
1 l3 ; AngeW. Chem. Int. Ed. 2006, 45, 104-107]. HoWever, the
disclosed above technology uses the different approach
method and mechanism from the technical spirit that is real
iZed in the present invention.
[0012] In particular, as the technology in related art, in the
case of When the nanoparticle that includes nickel or lead is
formed, there is a disadvantage in that it is dif?cult to realiZe

the Wide surface area through the formed nanoparticles.
[0013] In addition, Without the separate treatment in
respects to the surface of the nanotube, a technology for
directly forming the gold nanoparticles on the nanotube is not

present.
SUMMARY OF THE INVENTION

[0014] The present invention has been made keeping in
mind the above problems occurring in the related arts, a
primary object of the present invention is to provide a hal

loysite nanotube in Which a gold nanoparticle is formed by
directly performing an access on a solution.

[0015]

In addition, a secondary object of the present inven

tion is to provide a method for forming a gold nanoparticle on
a halloysite nanotube.

[0016] In order to accomplish the primary object, the
present invention provides a gold nanoparticle-halloysite
nanotube that comprises a halloysite nanotube that includes
an alumina layer, a space, and a silicate layer; and a gold

nanoparticle that is formed by reducing a gold ion introduced
on the surface of the halloysite nanotube by a gold salt by
using a reducing agent.
[0017] In order to accomplish the secondary object, the

catalyst for converting hydrocarbons. Currently, efforts have
been made to perform sustained drug delivery and synthesiZe

present invention provides a method for forming a gold nano

the polymers/clay nanocompound. Until noW, it is reported
that among the metal nanoparticles, only lead (Pb) and nickel
(Ni) nanoparticles related to the halloysite nanotube. That is,
it is knoWn that only lead (Pb) and nickel (Ni) nanoparticles

adding Water; forming a gold ion on the surface of the hal

can be formed on the halloysite nanotube. In the case of the

lead, it is formed on the halloysite nanotube by using metha
nol as the solvent and the reducing agent, and nickel is formed

on the halloysite nanotube by using the electroless plating
method. In addition, the nickel nanoparticles may be formed
on the surface thereof by only activating the surface of the

halloysite.
[0008]

As described above, recently, efforts in Which the

lead or nickel nanoparticles are plated on the halloysite nano
tube have been made.

[0009]

In the case of When the lead nanoparticles are plated,

a nonaqueous system that includes methanol is used as a

solvent and a non-green system reducing agent. On the other
hand, in the case of When the nickel nanoparticles are plated,
the electroless plating method is used, the nickel nanopar

ticles can be plated by only activating the surface of the

halloysite.
[0010] In addition, in the case of When the method in Which
the nickel nanoparticle or the lead nanoparticle is formed is

particle-halloysite nanotube, Which comprises the steps of
preparing a suspension solution of the halloysite nanotube by
loysite nanotube by adding the gold salt to the suspension

solution; and forming the gold nanoparticle by reducing the
gold ion using the reducing agent.
[0018] As described above, Without the surface reformation
of the protective agent or the halloysite nanotube, the gold
nanoparticles are directly synthesiZed on the halloysite nano
tube. The average diameter of each of the gold nanoparticles
that are densely distributed by the synthesis is about 4 nm, and
this shoWs that the Wide surface area can be obtained through

the gold nanoparticles. In addition, the nanohybrid that is
formed by the above process is characterized in that it is
dispersed in Water. The utility of the characteristics of the
nanohybrid on Which the gold nanoparticles are formed may
be high in catalyst or biomedical ?elds.
BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIGS. 1A and 1B are an image and a perspective
vieW that illustrate a halloysite nanotube that has a layered
structure according to a preferable embodiment of the present

invention;

Apr. 9, 2009

US 2009/0092836 A1

FIG. 2 is a perspective vieW that illustrates a process

gold nanoparticle-halloysite nanohybrid that is obtained by

for forming the gold nanoparticle on the surface of the hal
loysite nanotube on the aqueous solution according to a pref
erable embodiment of the present invention;

the centrifugal separation for 30 min is dried for 36 hours at a

[0020]

[0021] FIGS. 3A and 3B are images that illustrate a hal
loysite nanotube in Which a halloysite nanotube and a gold
nanoparticle are formed according to a preferable embodi

ment of the present invention;

temperature of 45° C. in the vacuum oven.

[0031] FIGS. 1A and 1B are an image and a perspective
vieW that illustrate a halloysite nanotube that has a layered
structure according to a preferable embodiment of the present
invention.

[0022] FIGS. 4A and 4B are XRD spectrums in respects to
a halloysite nanotube and a gold nanoparticle-halloysite
nanotube according to a preferable embodiment of the

[0032] With reference to FIGS. 1A and 1B, after the puri
?cation through the meshes, the halloysite nanotube 100 that
has various lengths and diameters is provided. In particular,

present invention; and

the halloysite nanotube 100 has a structure in Which an alu
mina layer 110 and a silicate layer 130 are layered in a ratio of
1:1. The outside of the halloysite nanotube 100 consists of a

[0023] FIG. 5 is an EDX spectrum in respects to a gold
nanoparticle-halloysite nanotube in the case of When the con

tent of gold is 1.1% by Weight, the content of silicon is
24.78% by Weight and the content of aluminium is 19.27% by
Weight according to a preferable embodiment of the present
invention.
DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0024] In the present invention, the insertion of the protect
ing agent or the anchoring agent is excluded, and the synthe
sis is directly carried out on the solution. Through this, the
gold nanoparticles are formed on the surface of the halloysite
nanotube. The separate treatment such as the surface refor

mation, the activation and the like in respects to the halloysite
nanotube is not carried out. The nanohybrid that is the result

ing substance is characterized in that it is capable of being
presented in a dispersion state for 30 hours in Water.

[0025] Hereinafter, preferable embodiments according to
the present invention Will be described in detail With refer
ence to the accompanying draWings. It should be noted that
the folloWing embodiments are set forth to illustrate the
present invention, but are not to be construed to limit the

scope of the present invention.
Embodiments

[0026] First, by using a sieve that has the 125 um siZe
meshes, the halloysite is ?ltered. In respects to the obtained

halloysite nanotube, the suspension solution is formed, and
the gold ion is formed on the surface of the halloysite nano

tube by adding the gold salt thereto. Subsequently, by using
the reducing agent, the gold nanoparticle is formed on the
surface of the halloysite nanotube. This Will be described in
more detail.

[0027] To 30 mg of the halloysite nanotube that is obtained
through the meshes, 3 mg of Water is added, and agitated for
1 hour. Through the agitation, the suspension solution is

silicate layer 130, and the long cylindrical inside thereof
consists of an alumina layer 110. In addition, betWeen the
alumina layer 110 and the silicate layer 130, a space 150 is
formed. In the case of When the halloysite nanotube 100 is
hydrated to provide moisture to the space 150, the interval of
the space 150 betWeen the silicate layer 130 and the alumina
layer 110 is 1 nm. In addition, in the case of When the hal
loysite nanotube 100 is dehydrated, the interval of the space
150 is 0.75 nm.

[0033]

In addition, the halloysite nanotube 100 may be

formed in a form that the alumina layer 1 1 0, the space 150 and
the silicate layer 150 are repeated from the inside thereof.
[0034] FIG. 2 is a perspective vieW that illustrates a process

for forming the gold nanoparticle on the surface of the hal
loysite nanotube on the aqueous solution according to a pref

erable embodiment of the present invention;
[0035] With reference to FIG. 2, ?rst, the gold salt is added
to the obtained halloysite nanotube 100. As the gold salt,

hydrogen tetrachloroaurate (III) (HAuCl4.nH2O), potassium
tetrachloroaurate (II) (KAuCl4), sodium trtrachloroaurate

(III) dihydrate (NaAuCl4.2H2O), gold (III) bromide hydrate
(AuBr3.nH2O), gold (III) chloride (AuCl3), gold (III) chlo
ride hydrate (AuCl3.nH2O), gold (III) chloride trihydrate
(AuCl3.3H2O) and the like are used. In particular, in the

present embodiment, as the gold salt, HAuCl4 is used. In
addition to this, the above various gold salts may be used. If
the gold salt is added thereto, the gold ions 200 are attached to
the surface of the halloysite nanotube 100. The attachment of
the gold ion 200 is progressed in a form Where the gold ions
200 are ?lled in the groove formed on the surface of the

halloysite nanotube 100 that has the cylindrical shape.
[0036] Continuously, if the reducing agent is added to the
halloysite nanotube 100 to Which the gold ion 200 is attached,
the gold ions 200 are reduced and converted into the gold

formed.

nanoparticles 210. As the reducing agent, sodium borohy
dride (NaBH4), aluminium borohydride (AlBH4), sodium

[0028] Subsequently, 10 mg of HAuCl4 that is the gold salt
is added to the suspension solution, and they are agitated until
HAuCl4 is completely dissolved. The mixture in Which
HAuCl4 is dissolved is softly agitated every 1 hour, and is

triacetoxyborohydride
(Na(CH3CO2)3BH),
sodium
cyanoborohydride (NaBH3CN), oxalic acid (C2H2O4),
sodium oxalate (Na2C2O4), potassium oxalate (K2C2O4),
formaldehyde (HCHO), hydraZine (N2H4), or hydroquinone

maintained at normal temperature for about 5 hours in a
vacuum state of 1x10‘5 Pa.

[0029] Through this, the gold ions are attached to the sur
face of the halloysite nanotube.
[0030] Continuously, the solution that is mixed With 10 ml
of NaBH4 that is the reducing agent in the concentration of 26
mM is added to the mixture that is mixed With HAuCl4.
Through the agitation and the centrifugal separation for sev
eral terms, the clean supernatant is separated. 2500 g of the

(C6H4(OH)2) is used, and in the present embodiment, NaBH4
is used. In addition to this, the above various reducing agents
may be used. Through the above process, the gold nanopar
ticle-halloysite nanotube, on the surface of Which the gold
nanoparticles 210 are formed can be obtained.
[0037] FIGS. 3A and 3B are images that illustrate a hal

loysite nanotube in Which a halloysite nanotube and a gold
nanoparticle are formed according to a preferable embodi
ment of the present invention.
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[0038]

With reference to FIG. 3A, it can be seen that on the

surface of the halloysite nanotube, a plurality of grooves are
formed thereon.
[0039] In addition, With reference to FIG. 3B, it can be seen
that the gold nanoparticles are densely distributed on the
surface of the halloysite nanotube. If the statistic analysis in
respects to the 200 gold nanoparticles is carried out, it can be
seen that the diameter of the gold nanoparticle is in the range
of about 4 1111111 nm. This is the smaller diameter than the
nanoparticle that is mentioned in the related art and consists
of lead or nickel. In addition, it is examined that the number of
the gold nanoparticles is 82 in the area of 10,000 nm2. For
example, in the case of the halloysite nanotube in Which the
average length is 600 nm and the diameter is 100 nm, about
1500150 gold nanoparticles are distributed on the Whole sur

face thereof.
[0040] FIGS. 4A and 4B are XRD spectrums in respects to
a halloysite nanotube and a gold nanoparticle-halloysite
nanotube according to a preferable embodiment of the

present invention.
[0041] First, With reference to FIG. 4A, the basic d-spacing
value in respects to the pure halloysite nanotube is 0.73 nm.
This means the distance of the space betWeen the silicate layer

and the alumina layer that form the halloysite nanotube, and
a novel material is not interposed into the space.

[0042]

Continuously, With reference to FIG. 4B, the gold

shoWs the diffraction peak over the Wide range, Which is
shoWn at 20:44.34. The diffraction peak that is shoWn over
the Wide range means that each of the gold nanoparticles has
the amorphous structure. In addition, in the case of When an
organic solvent such as DMSO (dimethyl sulfoxide) or a large

organic molecule such as n-hexylamine is interposed into the
space betWeen the silicate layer and the alumina layer that
form the halloysite nanotube, the d- spacing value is increased
by the expansion of the layered structure.
[0043] FIG. 5 is an EDX spectrum in respects to a gold
nanoparticle-halloysite nanotube in the case of When the con

[0046] The present invention has been described in an illus
trative manner, and it is to be understood that the terminology
used is intended to be in the nature of description rather than
of limitation. Many modi?cations and variations of the

present invention are possible in light of the above teachings.
Therefore, it is to be understood to those skilled in the art that

Within the scope of the appended claims, the invention may be
practiced otherWise than as speci?cally described.
What is claimed is:

1. A gold nanoparticle-halloysite nanotube comprising:
a halloysite nanotube that includes an alumina layer, a
space, and a silicate layer; and

a gold nanoparticle that is formed by reducing a gold ion
introduced on the surface of the halloysite nanotube by a

gold salt by using a reducing agent.
2. The gold nanoparticle-halloysite nanotube according to
claim 1, Wherein the gold salt is hydrogen tetrachloroaurate,
potassium tetrachloroaurate, sodium trtrachloroaurate dihy

drate, gold (III) bromide hydrate, gold (III) chloride, gold
(III) chloride hydrate, or gold (III) chloride trihydrate.
3. The gold nanoparticle-halloysite nanotube according to
claim 1, Wherein the reducing agent is sodium borohydride,
aluminium borohydride, sodium triacetoxyborohydride,
sodium cyanoborohydride, oxalic acid, sodium oxalate,
potassium oxalate, formaldehyde, hydraZine, or hydro

quinone.
4. The gold nanoparticle-halloysite nanotube according to
claim 1, Wherein the diameter of the gold nanoparticle is 4
1111111 nm.

5. A method for forming a gold nanoparticle-halloysite
nanotube, the method comprising the steps of:
preparing a suspension solution of the halloysite nanotube

by adding Water;
forming a gold ion on the surface of the halloysite nanotube

by adding the gold salt to the suspension solution; and

forming the gold nanoparticle by reducing the gold ion
using the reducing agent.

tent of gold is 1.1% by Weight, the content of silicon is
24.78% by Weight and the content of aluminium is 19.27% by
Weight according to a preferable embodiment of the present
invention.
[0044] With reference to FIG. 5, the EDX spectrum shoWs
the presence of the gold. That is, it shoWs that the gold is

nanotube, and the gold salt is hydrogen tetrachloroaurate,
potassium tetrachloroaurate, sodium trtrachloroaurate dihy

present in the content of 1 . 1% by Weight, the silicon is present

drate, gold (III) bromide hydrate, gold (III) chloride, gold

in the content of 24.78% by Weight, and aluminum is present
in the content of 19.27% by Weight. These numerical values
correspond to the composition of the halloysite nanotube in
Which the silicate layer and the alumina layer are layered in

(III) chloride hydrate, or gold (III) chloride trihydrate.
7. The method for forming a gold nanoparticle-halloysite
nanotube according to claim 6, Wherein the gold ion is formed

the ratio of 1:1 in a natural state.

halloysite nanotube.

[0045] As described above, by introducing the gold salt into

8. The method for forming a gold nanoparticle-halloysite
nanotube according to claim 5, Wherein the reducing agent is
sodium borohydride, aluminium borohydride, sodium triac

the halloysite nanotube, the gold ion is formed on the surface

of the halloysite nanotube. In addition, by adding the reducing
agent thereto, the gold nanoparticle is formed by reducing the
gold ion. That is, like the knoWn technology, Without the
surface reformation of the protective agent or the halloysite
nanotube, the gold nanoparticle-halloysite nanotube that has
the very dense distribution can be formed.

6. The method for forming a gold nanoparticle-halloysite
nanotube according to claim 5, Wherein the forming of the
gold ion is the addition of the gold salt to the halloysite

While the gold ion is ?lled in a groove on the surface of the

etoxyborohydride, sodium cyanoborohydride, oxalic acid,

sodium oxalate, potassium oxalate, formaldehyde, hydra
Zine, or hydroquinone.
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