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(57) ABSTRACT 

Metal nanoparticles, containing a copper core and thin layer 
of precious metals enclosing the core to prevent oxidization 
of copper, in which manufacturing the metal nanoparticles is 
economical efficiency because of increased copper content 
and since such metal nanoparticles contain a metal having 
high electrical conductivity such as silver for a thin layer, they 
can form a wiring having better conductivity than copper and 
there is little concern that silver migration may occur. 
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CORE-SHELL STRUCTURE METAL 
NANOPARTICLES AND ITS 

MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a U.S. divisional application filed 
under 35 USC 1.53(b) claiming priority benefit of U.S. Ser. 
No. 1 1/709,242 filed in the United States on Feb. 22, 2007, 
which claims earlier priority benefit to Korean Patent Appli 
cation No. 10-2006-0018250 filed with the Korean Intellec 
tual Property Office on Feb. 24, 2006, the disclosures of 
which are incorporated herein by reference. 

BACKGROUND 

0002 1. Field 
0003. The present invention relates to a method of produc 
ing metal nanoparticles and the metal nanoparticles thus pro 
duced, and in particular, to metal nanoparticles of core-shell 
structure and its manufacturing method. 
0004 2. Description of the Related Art 
0005 General ways to produce metal nanoparticles are the 
vapor-phase method, the Solution (colloid) method and a 
method using Supercritical fluids. Among these methods, the 
vapor-phase method using plasma or gas evaporation is gen 
erally capable of producing metal nanoparticles with the size 
of several tens of nm, but has limitation in synthesizing Small 
sized metal nanoparticles of 30 nm or less. Also, the vapor 
phase method has shortcomings in terms of solvent selection 
and costs, particularly, in that it requires highly expensive 
equipments. 
0006. The solution method including thermal reduction 
and phase transfer is capable of adjusting various sizes of 
metal nanoparticles, synthesizing several nm sizes of metal 
nanoparticles having uniform shape and distribution. How 
ever, the production of metal nanoparticles by this existing 
method provides very low yield rate, as it is limited by the 
concentration of the metal compound Solution. That is, it is 
possible to form metal nanoparticles of uniform size only 
when the concentration of the metal compound is less than or 
equal to 0.01 M. Thus, there is a limit also on the yield of 
metal nanoparticles, and to obtain metal nanoparticles of 
uniform size in quantities of several grams, chemical reactor 
of 1000 liters or more is needed. This represents a limitation 
to efficient mass production. Moreover, the phase transfer 
method necessarily requires a phase transfer, which is a cause 
of increased production costs. 
0007. In case of forming fine wirings with these metal 
nanoparticles, precious metals such as gold, silver, palladium, 
platinum are preferable with respect to conductivity. How 
ever, since these metals are expensive and cause increase of 
production cost of electronic devices, the use of copper which 
has desired conductivity and economical efficiency is needed. 
However, if copper is used to produce nanoparticles, it is 
oxidized easily and an oxidized layer is formed on the Surface 
so that the conductivity decreases rapidly. Therefore, in spite 
of increase of production cost, precious metals such as silver 
are used to produce a fine wiring. 
0008 Moreover, in case of forming wirings with silver, 
since metal nanoparticles gather together to the margin area in 
a wiring unit or in droplets of conductive ink which will form 
the wiring, the migration that metal is precipitated at a cath 
ode according to ionization of metals, may easily occur. 
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Therefore, there is a risk that may cause potential inferiority 
even after formation of wiring, actually the inferiority caused 
by the migration of silver incurs the inferiority of entire 
goods. 

SUMMARY 

0009. The present invention provides metal nanoparticles, 
containing a copper as a core and a thin layer of a precious 
metal enclosing the core to prevent oxidization of copper and 
provide economical efficiency because of increased copper 
content. Since Such metal nanoparticles contain a metal hav 
ing high electrical conductivity Such as silver for a thin layer, 
they can form a wiring having better conductivity than copper 
and there is little concern that the metal migration may occur. 
The present invention also provides conductive ink contain 
ing these metal nanoparticles. 
0010. The invention provides a method of producing metal 
nanoparticles having an copper core-precious metal shell 
structure that have not been obtained so far, by decreasing 
reduction potential difference between copper and precious 
metals, using a reducing agent. 
0011 Further, the present invention provides a method of 
manufacturing metal nanoparticles economically in a lique 
fied condition, which does not require complicated facilities, 
rigorous conditions, and harsh air condition. 
0012. One aspect of the invention may provide metal 
nanoparticles containing a copper core and a metal thin layer 
that encloses the copper core and has higher reduction poten 
tial than copper. 
0013 Here, the metal having higher reduction potential 
than copper may include one or more metals selected from a 
group consisting of silver, palladium, platinum, gold and 
alloys thereof. A diameter may be 50-100 nm and a thickness 
of the metal thin layer may be 1-50 nm. Such a metal thin 
layer prevents copper in the metal nanoparticles from oxida 
tion. 
0014) Another aspect of the invention may provide a 
method of manufacturing metal nanoparticles including 
forming copper nanoparticles from a copper precursor using 
a reducing agent in a solution that includes a primary amine, 
and forming a metal thin layer from a metal precursor having 
high reduction potential than copper on the copper nanopar 
ticles. 
0015. According to an embodiment, a method of manu 
facturing the metal nanoparticles includes: mixing a copper 
precursor and a reducing agent uniformly in a solvent con 
taining a primary amine; forming copper core nanoparticles 
by heating the mixture up to the boiling temperature of the 
Solvent or lower, cooling the mixture to room temperature or 
below the heated temperature; adding a metal alkanoate hav 
ing higher reducing potential than copper, and forming a 
metal thin layer on the Surface of the copper core nanopar 
ticles by heating the mixture up to the boiling temperature of 
the solvent or lower. 
0016. Here, the primary amine may be one or more com 
pounds selected from the group consisting of propylamine, 
butylamine, octylamine, decylamine, dodecylamine, hexade 
cylamine and oleylamine. 
0017. Here, the solvent may further include hydrocarbon 
based compounds, according to an embodiment, the hydro 
carbon-based compound may be one or more compounds 
selected from the group consisting of octane, decane, tetrade 
cane, hexadecane, toluene, Xylene, 1-octadecene and 1-hexa 
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decene, which may be added by 50-200 parts by weight with 
respect to 100 parts by weight of the primary amine. 
0018. Further, the reducing agent may be one or more 
compounds selected from the group consisting of tert-butyl 
hydroxytoluene, tert-butylhydroxyanisol, C-tocopherol, 
ascorbic acid, carotenoid, flabonoid and tannin, which may be 
added by 1-20 parts by weight with respect to 100 parts by 
weight of the solvent. 
0019 Here, the copper precursor may be one or more 
compounds selected from the group consisting of Cu(NO), 
CuC1, Cu(HCOO), Cu(CHCOO), Cu(CH-CHCOO), 
CuCO, CuSO and CH,CuO, which may be added by 1-15 
parts by weight with respect to 100 parts by weight of the 
solvent. 
0020. Here, the metal having higher reduction potential 
than copper may be one or more metals selected from the 
group consisting of silver, palladium, platinum, gold and 
alloys thereof, preferably silver. 
0021 Here, the metal alkanoate having higher reduction 
potential than copper may be one or more compounds 
selected from the group consisting of dodecanate, oleate, 
hexadecanoate, tetradecanoate, palmitate and Stearate of sil 
ver, palladium, platinum, gold, and its alloy, which may be 
added so that the metal ions Supplied by the metal alkanoate 
becomes 0.01-1 equivalent of the copper ions supplied by the 
copper precursor. 
0022. The mixture of the copper precursor and the reduc 
ing agent is mixed uniformly at 50-80°C. for 30 minutes to 2 
hours. 
0023. Also, a temperature of the mixture may be raised by 
a constant rate up to the boiling temperature of the Solvent or 
lower. According to an embodiment, the temperature is in the 
range of from 100 to 320° C., the constant rate is 1-10 
C./min, both the mixture of the copper precursor and the 
reducing agent and the mixture of the copper nanoparticles 
and the metal alkanoate are reacted at 130-230° C. for 30 
minutes to 2 hours. 
0024. The mixture of the copper precursor and the reduc 
ing agent is cooled to 70% of the heated temperature or lower, 
according to an embodiment, the mixture is cooled to 18-175° 
C. 
0025 Here, the method may further include precipitating 
the mixture including metal nanoparticles from an organic 
Solvent, and washing the precipitated nanoparticles with the 
organic solvent and drying. 
0026. According to another aspect of the invention, the 
invention may provide core-shell structure nanoparticles pro 
duced by the producing method described above. 
0027. Here, the core may be copper and the shell may be a 
layer composed of one or more metals selected from the 
group consisting of silver, palladium, platinum, gold and 
alloys thereof. 
0028. Another aspect of the invention may provide colloid 
including the core-shell structure nanoparticles. 
0029. Another aspect of the invention may provide con 
ductive ink including the core-shell structure nanoparticles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0030 These and/or other aspects and advantages of the 
present invention will become apparent and more readily 
appreciated from the following description of the embodi 
ments, taken in conjunction with the accompanying drawings 
of which: 
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0031 FIG. 1 is a sectional diagram of the metal nanopar 
ticles produced according to an embodiment of the invention. 
0032 FIG. 2 is a SEM photo of the metal nanoparticles 
produced according to an embodiment of the invention. 
0033 FIG. 3 is a graph of the distribution of the metal 
nanoparticles produced according to an embodiment of the 
invention. 
0034 FIG. 4 is a TEM image and a graph representing 
regional contents of the metal nanoparticles produced accord 
ing to an embodiment of the invention. 
0035 FIG. 5 is a XRD result of the metal nanoparticles 
produced according to an embodiment of the invention; and 
0036 FIG. 6 is graphs that represent the results of DSC 
and TGA for the metal nanoparticles produced according to 
an embodiment of the invention. 

DESCRIPTIONS FOR MAJOR PART OF THE 
FIGURES 

0037 3: nanoparticles 
0038 31: core 
0039) 33: shell 

DETAILED DESCRIPTION OF EMBODIMENTS 

0040. Hereinafter, embodiments will be described refer 
ring to the figures in detail of the method of producing metal 
nanoparticles and the metal nanoparticles thus produced 
according to the present invention. Before describing the 
embodiments of the invention, reduction potential of metals 
will be mentioned first. 
0041 Reduction potential of metals represents a strength 
of the tendency that a metal receives electrons to be reduced. 
Higher reduction potential means that a metal cation receives 
electrons to be easily precipitated out as a metal. Reduction 
potential is contrary to ionization tendency, for example, 
K<Ca-NakMg-AlkMn-Zn-Cr-Fe-Co-Ni-CukHg<Ag 
<Pd<Pt<Au, in which reduction potential increases toward 
right side of the equation. In case of Cu and Ag, when Ag+ ion 
is added to a dissociating solution where Cu is already pre 
cipitated, Ag+ forces Cu to be dissolved and Ag+ itself is 
reduced and becomes Ag, because reduction potential of Agis 
higher than Cu. Therefore, Cu in the dissociating solution 
decreases and Ag increases. With this reason, so far it has 
been believed that metals having higher reduction potential 
than Cu, Such as Ag, are not suitable for producing a shell 
structure enclosing Cu core after Cu is formed as a core. 
0042. But, in the present invention, by using an appropri 
ate reducing agent that decreases the difference in reduction 
potential between metals, nanoparticles of copper core-pre 
cious metal shell structure can be obtained. FIG. 1 is a sec 
tional diagram of the metal nanoparticles produced according 
to an embodiment of the invention. Referring to FIG. 1, 
nanoparticles 3 of the invention have a dual structure of core 
31 and shell33. As the core 31 contains copper, nanoparticles 
that are economically efficient and resistant to the oxidation 
of copper can be produced. Further, since the shell33, i.e. the 
Surface, is enclosed with a precious metal having excellent 
electrical conductivity, metal nanoparticles that is also Supe 
rior in electrical conductivity can be obtained. Secondarily, 
the migration of a precious metal Such as silver to a cathode, 
resulting in accumulation and eventually precipitation at a 
cathode, can also be alleviated. 
0043 Besides silver, the shell 33 may include one or more 
metals selected from the group consisting of palladium, plati 
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num, gold and alloys thereof. These are categorized as pre 
cious metals and so far have been known to having Superior 
electrical conductivity. Also, since the reduction potential of 
them is higher than copper, it have been difficult to readily 
generate a thin layer on the copper core so far. 
0044) Metal nanoparticles produced according to an 
embodiment of the invention have 50-100 nm in diameter. A 
thickness of the metal thin layer, i.e., the shell, may vary with 
equivalents of ions of metals that are added, which may be 
1-50 nm according to an embodiment of the invention. 
0045. Hereinafter, the method of producing these metal 
nanoparticles of the core-shell structure will be described in 
detail. 

0046 According to an embodiment of the invention, the 
method of producing metal nanoparticles includes formation 
of copper nanoparticles from a copper precursor using a 
reducing agent in a solvent that contains a primary amine, and 
formation of a metal thin layer produced from a metal pre 
cursor having higher reduction potential than copper, on the 
copper nanoparticles. 
0047 More specifically, the metal nanoparticles of the 
invention are produced by (a) mixing the copper precursor 
with the reducing agent uniformly in the solvent containing 
the primary amine, (b) forming nanoparticles of the copper 
core by heating the mixture of (a) up to below the boiling 
temperature of the solvent, (c) cooling to room temperature or 
below the raised temperature of (b), (d) adding a metal 
alkanoate having higher reducing potential than copper, (e) 
forming a metal thin layer on the Surface of the copper core by 
heating the mixture of (d) up to below the boiling temperature 
of the solvent. 

0048 Because of very small size, metal nanoparticles tend 
to aggregate each other and readily grow to the size of 
microns, when reaction occurs rapidly, size controlling is 
important in producing metal nanoparticle. Therefore, in 
order to produce the metal particles in nano-size, capping 
molecule are required. Here, the capping molecule designate 
molecule that enclose metal particles to grow stably and to 
form nano-size in a solvent. These capping molecule may be 
known compounds, and compounds that have oxygen, nitro 
gen, and Sulfur atoms are generally used as the capping mol 
ecule. More specifically, compounds that have thiol group(- 
SH), amine group( NH), and carboxyl group(-COOH) 
may be used as capping molecule. In the invention, primary 
amines are selected as the solvent to use as capping mol 
ecules. These primary amines also function to dissociate a 
metal precursor, and more specific example includes propy 
lamine(CH-NH2), butylamine(CH-NH), octylamine 
(CH-NH), decylamine(CH-NH), dodecylamine 
(CH-NH), hexadecylamine(CH-NH), or oleylamine 
(C18Has NH2). Here, butylamine, propylamine, 
hexadecylamine, and oleylamine are excellent in dissociating 
metals and can be used as proper solvents because of their 
high boiling temperature. Further, as the carbon tails of 
amines Such as hexadecylamine and oleylamine get longer, it 
is more efficient to produce uniform particles. 
0049 Further, according to an embodiment, the solvent 
may further include a hydrocarbon-based compound of the 
non-aqueous system together with the primary amine. Using 
the non-aqueous solvent, it is possible to control heating 
conditions for producing metal nanoparticles, and to Supply 
enough energy that is required for pyrolysis of a metal pre 
CUSO. 
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0050. The hydrocarbon-based compound may be octane, 
decane, tetradecane, hexadecane, toluene, Xylene, 1-octa 
decene, or 1-hexadecene. To produce proper metal nanopar 
ticles according to the invention, a mixed solution may be 
reacted at 100° C. or higher. Since the boiling point of toluene 
is 110.6°C., xylene 140°C., 1-hexadecene 274°C., 1-octa 
decene 320°C., these can be used as solvents. Among these, 
1-octadecene can be used more preferably, since it has highest 
boiling point and most wide adjustable temperature range for 
pyrolysis. 
0051. The hydrocarbon-based compound may be added 
50-200 parts by weight with respect to 100 parts by weight of 
the primary amine set forth above. Here, if the hydrocarbon 
based compound is added less than 50 parts by weight, poly 
hedron shape of nanoparticles can be formed instead of 
sphere shape according to the reaction temperature and time. 
On the other hand, if it is more than 200 parts by weight, the 
formation of nanoparticles are not affected and thereby not 
efficient. 
0052. In order to produce metal nanoparticles, an anti 
oxidant, i.e., a reducing agent for reducing copper ions is 
needed. According to an embodiment of the invention, tert 
butylhydroxytoluene, tert-butylhydroxyanisol, C.-toco 
pherol, ascorbic acid, carotenoid, flabonoid, or tannin may be 
used as the reducing agent. This reducing agent may be added 
by 1-20 parts by weight with respect to 100 parts by weight of 
the solvent which is a primary amine or a mixture of a primary 
amine and a hydrocarbon-based compound. If the reducing 
agent is added by less than 1 part by weight, copper particle 
may not be formed and it is inappropriate for preventing the 
oxidation of copper particles. On the other hand, if the reduc 
ing agent is added by more than 20 parts by weight, copper 
particles are generated so rapidly that it is difficult not only to 
control the particle size but to isolate the particles formed, 
which thereby is inappropriate. 
0053 According to an embodiment of the invention, the 
copper precursor may be Cu(NO), CuCl2, Cu(HCOO), 
Cu(CHCOO), Cu(CHCHCOO), CuCO, CuSO, or 
CHCuO. Among these compounds, Cu(NO) is prefer 
able since it is easy to get and economical. The copper pre 
cursor may be added by 1-15 parts by weight with respect to 
100 parts by weight of the solvent. If the copper precursor is 
added by less than 1 part by weight, the size of copper par 
ticles becomes unequal, and particles having large sized are 
generated, which is thereby not preferable. 
0054 Metals having higher reduction potential than cop 
per may be silver, palladium, platinum or gold and consider 
ing conductivity and reduction potential, alloys of these met 
als may also be used. Among these, silver may be used 
preferably with respect to conductivity and reduction poten 
tial. The precursor including Such a metal or a mixture may be 
alkanoate compounds, and any compound having RCOO 
group that is convenient to generate complexes of metal 
alkanoate may be used without limitation, wherein, R may be 
a Substituted or not Substituted, saturated or not saturated 
hydrocarbon. According to an embodiment, preferably the 
carbon number of the alkanoate is 8-18. Examples of the 
metal alkanoate include dodecanate, oleate, hexadecanoate, 
tetradecanoate, or Stearate compounds of silver, palladium, 
platinum, gold or alloys thereof. 
0055 For example, Ag-alkanoate can be obtained by 
reacting AgOH with an alkanoic acid having a variety of 
length, preferably 8-18 carbons, or an amine-based com 
pound. Examples of the alkanoic acid include dodecanoic 
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acid (lauric acid, CHCOOH), oleic acid (C7HCOOH), 
hexadecanoic acid (palmitic acid, CHCOOH), tetrade 
canoic acid (myristic acid, CHCOOH), Stearic acid 
(CH3COOH), and the like which are used to produce Ag 
alkanoate compounds. 
0056. The metal alkanoate such as alkanoates of silver, 
palladium, platinum, gold or alloys thereof having high 
reduction potential, may be added so that the metal ions 
supplied by this alkanoates become 0.01-1 equivalent of cop 
perions Supplied by the copper precursor. Here, a thickness of 
the shell varies with equivalents of metal ions of the added 
metal alkanoate. If the equivalent of metal ions of the metal 
alkanoate is less than 0.01, it is not enough to enclose the 
copper core thoroughly and to prevent the oxidation of copper 
particles. On the other hand, if it is more than 1 equivalent, the 
particle size becomes so large that the yield rate inappropri 
ately decreases. 
0057 More detailed descriptions for the production 
method of nanoparticles of the invention will be given below. 
It is preferable that, in the step of mixing the copper precursor 
and the reducing agent in the solvent including the primary 
amine, the copper precursor and the reducing agent are uni 
formly mixed with the primary amine or a mixture of the 
primary amine and the hydrocarbon-based compound, and 
stirred for a certain period at over room temperature to react 
sufficiently. To do this, it is preferable that the mixture be 
Stirred at 50-80° C. for 30 minutes to 2 hours. 
0058. Further, in the step of forming copper core particles 
or the step of adding the metal alkanoate, temperature may be 
raised by a constant rate up to below the boiling temperature 
of the solvents. As mentioned earlier, because the boiling 
temperature of the solvent is in the range of from 100 to 320° 
C., it is raised within this range. If the temperature is lower 
than 100°C., the yield rate decreases, and if it is higher than 
320° C., it exceeds the boiling temperature of the solvent, 
which is not appropriate. 
0059. Here, the temperature is raised by a constant rate of 
1-10°C/min, which affects the uniformity of the reaction and 
the whole reaction time. If the rate is exceeded greater than 
10°C/min, it is difficult to control the uniformity of particles. 
According to an embodiment, it is preferable that the step of 
forming copper core particles and the step of adding the metal 
alkanoate are performed at 130-230° C. for 30 minutes to 2 
hours. If the reaction time is shorter than 30 minutes, the yield 
rate decreases, and if the reaction time is longer than 2 hours, 
the uniformity of particles decreases. 
0060. After forming copper nanoparticles, the reaction 
mixture is cooled down in order to form a precious metal thin 
layer that encloses the copper particles. This is for the 
alkanoate compound of the precious metal not to pyrolize 
rapidly and to grow to nano size, resulting in stably forming a 
precious metal thin layer. It is preferable that the cooling be 
performed within a short period of time. Aircooling is used in 
an embodiment of the invention. Here, the temperature is 
cooled to lower than the heated temperature, preferably 70% 
of the heated temperature or lower. According to an embodi 
ment of the invention, it is cooled to 18-175° C. 
0061 The alkanoate compound of the precious metal is 
added and the temperature is raised as described previously to 
form a thin layer of precious metal nanoparticles around the 
copper core. 
0062. The method may further include precipitating the 
metal nanoparticles in an organic solvent, such as methanol, 
DMF or mixtures thereof, cleaning with an organic solvent, 
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and drying. The method may further include obtaining the 
precipitated metal nanoparticles by centrifugation. The 
method of obtaining the produced metal nanoparticles may be 
any typical one, which is not limited to the descriptions given 
above. 
0063 FIG. 2 is a SEM photo of the metal nanoparticles 
produced according to an embodiment of the invention. 
Referring to FIG. 2, it is shown that 5-100 nm of uniform 
round shaped nanoparticles are produced. FIG. 3 is a graph 
representing particle distribution of the metal nanoparticles 
produced according to an embodiment of the invention. 
Referring to FIG. 3, the result shows that mean size of the 
produced particle is 100 nm. 
0064 FIG. 4(a) is a transmission electron microscope 
(TEM) photo and FIG. 4(b) is a graph representing the ratio of 
regional contents of the particle produced by an embodiment 
of the invention. FIG. 4(a) shows a profile of TEM-EDS line, 
which is Z-brightness of the metal nanoparticles of the inven 
tion. Referring to FIG.4(a), difference in brightness between 
the core and the shell is obvious in the photo. Since the 
difference in brightness depends on the number of electrons 
of a metal that forms nanoparticles, it can be deduced that the 
core and the shell are composed of different kinds of metals. 
Further, referring to FIG. 4(b), the result of elements analysis 
by the TEM-EDS line profile confirms that the core of the 
nanoparticles is copper and the shell is silver. 
0065 FIG. 5 is a X-ray diffraction (XRD) result of metal 
nanoparticles produced according to an embodiment of the 
invention. Referring to FIG. 5, as shown in the XRD data 
which was obtained after exposing the metal nanoparticles of 
the invention to the air at room temperature, it is shown that 
the copper included in the metal nanoparticles remains as 
pure copper that is not oxidized. The result graph exactly 
coincide with Card No. 4-0836(pure copper), Card No. 
4-0783 (pure silver) of Joint Committee for Diffraction Stan 
dards (JCPDS). FIG. 6 is a graph of DSC and TGA result of 
metal nanoparticles produced according an embodiment of 
the invention. Referring to FIG. 6, it is shown that the Ag thin 
layer prevents copper core from oxidation up to 131° C. 
when the metal nanoparticles are heated up to 800° C. 
0.066 General descriptions about nanoparticles and pro 
ducing method were given above, hereinafter more detailed 
producing method of nanoparticles of the invention according 
to embodiments will be given. 

Example 1 

0067 Oleylamine 100 g, copper acetylacetonate 
(CH-CuO) 7 g and ascorbic acid 5 g were put into a round 
flask equipped with a condenser and heated to 70° C. for 1 
hour. After then, the temperature was raised to 250° C. by a 
rate of 5°C/min, and the reaction solution was reacted for 30 
min at 250° C. After the reaction solution was cooled to 150° 
C. by air-cooling, 2 g of Agdodecanate was added and then 
the temperature was raised to 250° C. by a rate of 5°C/min, 
and the reaction solution was reacted for 30 min at 230° C. 
After the reaction completed, 300 ml of methanol was added 
and the nanoparticles were precipitated. These precipitates 
were washed with methanol more than 3 times and dried at 
45° C. in a drying oven. 
0068 FIG. 2 is a SEM photo of the metal nanoparticles 
produced according to this procedure, FIG. 3 is particle dis 
tribution of the metal nanoparticles produced according to 
example 1, FIG. 4 is also a TEM photo of the metal nanopar 
ticles produced according to example 1. Further, FIG. 5 and 
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FIG. 6 are also the results representing oxidation manner of 
the metal nanoparticles produced according to example 1. 

Example 2 
0069 Oleylamine 50 g, 1-octadecene 50 g, copper acety 
lacetonate(C5H,CuO) 20g and ascorbic acid 15 g were put 
into a round flask equipped with a condenser and heated to 
70° C. for 1 hour. After then, the temperature was raised to 
110° C. by a rate of 5°C/min, and the reaction solution was 
reacted for 1 hour. After the solution was cooled to 50° C. by 
air-cooling, 7 g of Ag dodecanate was added and then the 
temperature was raised to 110° C. by a rate of 5°C/min, and 
the reaction solution was reacted for 1 hour at 110° C. After 
the reaction completed, 300 ml of methanol was added and 
the nanoparticles were precipitated. These precipitates were 
washed with methanol more than 3 times and dried at 45° C. 
in a drying oven. 

Example 3 
0070 Oleylamine 50 g., xylene 50 g. copper acetylaceto 
nate(C5H,CuO) 20g and ascorbic acid 15 g were put into a 
round flask equipped with a condenser and heated to 70° C. 
for 1 hour. After then, the temperature was raised to 250° C. 
by a rate of 5° C./min, and the reaction solution was reacted 
for 30 minat 250° C. After the reaction solution was cooled to 
50° C. by air-cooling, 7 g of Agdodecanate was added and 
then the temperature was raised to 250° C. by a rate of 5° 
C./min, and the reaction solution was reacted for 30 min at 
250° C. After the reaction completed,300 ml of methanol was 
added and the nanoparticles were precipitated. These nano 
pricipitates were washed with methanol more than 3 times 
and dried at 45° C. in a drying oven. 

Example 4 
0071 Oleylamine 50 g, 1-hexadecene 50 g. copper acety 
lacetonate(C5H,CuO) 20g and ascorbic acid 15 g were put 
into a round flask equipped with a condenser and heated to 
70° C. for 1 hour. After then, the temperature was raised to 
200° C. by a rate of 5°C/min, and the reaction solution was 
reacted for 30 min. After the solution was cooled to 100° C. by 
air-cooling, 7 g of Ag dodecanate was added and then the 
temperature was raised to 200° C. by a rate of 5°C/min, and 
the reaction solution was reacted for 30 min. After the reac 
tion completed, 300 ml of methanol was added and the nano 
particles were precipitated. These nanopricipitates were 
washed with methanol more than 3 times and dried at 45° C. 
in a drying oven. 
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0072 Production of Conductive Ink 
0073 100 g of core-shell structure nanoparticles having 
50 to 100 nm in size, each produced by examples 1 to 4, was 
added to an aqueous solution of diethylene glycol butyl ether 
acetate and ethanol, and then dispersed with an ultra-Sonica 
tor to produce conductive ink of 20 cps. The conductive ink 
thus produced was printed on a circuit board to form conduc 
tive wirings by inkjet techniques. 
0074. It is also apparent that the present invention is not 
limited to the examples set forth above and more changes may 
be made by those skilled in the art without departing from the 
principles and spirit of the present invention. 

What is claimed is: 
1. Metal nanoparticles comprising: 
a copper core; and 
a metal thin layer which encloses the copper core and has 

higher reduction potential than copper. 
2. The metal nanoparticles of claim 1, wherein the metal 

having higher reduction potential than copper is one or more 
metals selected from the group consisting of silver, palla 
dium, platinum, gold and mixtures thereof. 

3. The metal nanoparticles of claim 1, wherein the metal 
nanoparticles has 50-100 nm in diameter. 

4. The metal nanoparticles of claim 1, wherein the metal 
thin layer has a thickness of 1-50 nm. 

5. The metal nanoparticles of claim 1, wherein the metal 
thin layer prevents copper from oxidation. 

6. Core-shell structure nanoparticles produced by a method 
including: 

forming copper nanoparticles from a copper precursor by 
using a reducing agent under a solvent including a pri 
mary amine; and 

forming a metal thin layer having high reduction potential 
on the Surface of the copper nanoparticles, with a metal 
precursor which has higher reduction potential than cop 
per. 

7. The core-shell structure nanoparticles of claim 6, in 
which the core is copper and the shell is a layer composed of 
one or more metals selected from the group consisting of 
silver, palladium, platinum, gold and alloys thereof. 

8. A colloid including the core-shell structure nanopar 
ticles of claim 6. 

9. A conductive ink including the core-shell structure nano 
particles of claim 6. 


