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(57) ABSTRACT 

A method of making Cu, Zn, and/or Cu/Zn alloy nanopar 
ticles Subjects one or more targets to laser energy to form a 
Vapor and condenses the vapor to form nanoparticles having 
an average particle size of less than 20 nm. The optional 
application of an electric field results in nanoparticles with 
aspect ratios greater than 1.0. The target(s) can be a single 
target or Separate targets comprising a mixture of copper, 
Zinc, and/or copper/zinc. When Separate targets are used, the 
laser beam can be split to form two Separate beams each of 
which is made incident upon one of the targets. The nano 
particles can be formed in a chamber having an inert 
atmosphere or a reactive atmosphere and a convection 
current is created in the chamber by maintaining the top 
plate at a lower temperature than the bottom plate. 

  



Patent Application Publication Aug. 7, 2003 Sheet 1 of 9 US 2003/0145681 A1 

s 

  



Patent Application Publication Aug. 7, 2003 Sheet 2 of 9 US 2003/0145681 A1 

e 
w 

  



Patent Application Publication Aug. 7, 2003. Sheet 3 of 9 US 2003/0145681 A1 

esses i 

s: 
s 

s 

  



US 2003/0145681 A1 Aug. 7, 2003 Sheet 4 of 9 

nouzUZn:o 
Patent Application Publication 

SunO) 

  



Aug. 7, 2003. Sheet 5 of 9 US 2003/0145681 A1 Patent Application Publication 

50 mm 

FIG. 5 

  



Patent Application Publication Aug. 7, 2003 Sheet 6 of 9 

A CU 
X Zn 

100 

US 2003/0145681 A1 

Cuszns 
CuZns 

a) Pure Cu 

(b) Cu/Zn : 85/15 

O -- ---------v-a------ 
(c) Cu/Zn : 70/30 

  



Aug. 7, 2003. Sheet 7 of 9 US 2003/0145681 A1 Patent Application Publication 

FIG. 7 

  



Aug. 7, 2003 Sheet 8 of 9 US 2003/0145681 A1 Patent Application Publication 

8 
9 Z 

?INH 

09 01 

Sun Oo 

  



US 2003/0145681 A1 Aug. 7, 2003. Sheet 9 of 9 Patent Application Publication 

6 

?INH 

  



US 2003/0145681 A1 

COPPER AND/OR ZINC ALLOY NANOPOWDERS 
MADE BY LASER WAPORIZATION AND 

CONDENSATION 

BACKGROUND 

0001) 1. Field of the Invention 
0002 The invention relates to methods of making copper 
and/or Zinc alloy nanopowders by laser vaporization and 
condensation. 

0003 2. Background of the Invention 
0004. In the description of the background of the present 
invention that follows reference is made to certain Structures 
and methods, however, Such references should not neces 
Sarily be construed as an admission that these Structures and 
methods qualify as prior art under the applicable Statutory 
provisions. Applicants reserve the right to demonstrate that 
any of the referenced Subject matter does not constitute prior 
art with regard to the present invention. 
0005 Nanoparticles of various metals, intermetallics, 
Semiconductors, metal carbonates, and metal oxides are 
disclosed in various publications. See, for example, U.S. Pat. 
Nos. 5,580,655; 5,695,617; 5,770,022; 5,879,715; 5,891,548 
and 5,962,132. Additionally, these materials are of interest 
for environmental and industrial processes. For example, 
methanol Synthesis, water-gas shift reactions, and gas-phase 
hydrogenolysis have been the Subject of catalysis research 
that has included Studying the role of copper, Zinc and/or 
aluminum. See, for example, Q. Sun et al., “A Novel Process 
for the Preparation of Cu/ZnO and Cu/ZnO/Al2O Ultrafine 
Catalyst: Structure, Surface Properties, and Activity for 
Methanol Synthesis from CO+H”, J. of Catalysis, vol. 
167, p. 92 (1997); M. S. Spencer, “The Role of Zinc Oxide 
in Cu/ZnO Catalysts for Methanol Synthesis and the Water 
Gas Shift Reaction”, Topics in Catalysis, vol. 8, p. 259 
(1999); J. H. Schlander et al., “Gas-Phase Hydrogenolysis of 
Dimethyl Maleate to 1,4-Butanediol and Y-Butyrolactone 
over Copper/Zinc Oxide Catalysts”, Ind. Eng. Chem. Res., 
vol. 38, p. 1264 (1999); L. Huang et al., “Methanol Syn 
thesis Over Cu/ZnO Catalysts Prepared by Ball Milling”, 
Catalysis Letters, vol. 48, p. 55 (1997); and J. Y. Ying and 
A. Tschöpe, “Gas-Phase Synthesis of Nonstoichiometric 
Nanocrystalline Catalysts”, in Advanced Catalysts and 
NanoStructured Materials, W. R. Moser, Ed., New York: 
Academic Press, p. 231 (1996). 
0006 Techniques for preparing nanostructured materials 
are also discussed in an article by L. L. Shaw, JOM, vol. 52, 
p. 41 (2000). Previously, nanoparticles have been produced 
by various methods including chemical Synthesis, gas-phase 
Synthesis, condensed phase Synthesis, high Speed deposition 
by ionized cluster beams, high Speed milling, deposition and 
Sol-gel methods. These methods Suffer from numerous draw 
backs, including agglomeration, broad particle Size distri 
bution, or low Volume production. 
0007. The most common method reported in the literature 
for the Synthesis of intermetallic nanoparticles is mechanical 
ball milling. See, for example, E. Jartych, et al., J. PhyS. 
Condens. Matter, vol. 10, p. 4929 (1998); Jartych E., et al., 
NanoStructured Materials, vol. 12, p. 927 (1999); X. Amilis, 
et al., NanoStructured Materials vol. 12, p. 801 (1999); and 
R. J. Perez, et al., NanoStructured Materials, vol. 7, p. 565 
(1996). In spite of the simplicity and efficiency of ball 
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milling, there are certain problems and limitations. For 
example, the microStructure of the milling products is very 
Sensitive to the grinding conditions and may be unpredict 
ably affected by unwanted contamination from the milling 
media and from the atmosphere. In addition, excessively 
long periods of milling time may be required to obtain 
particles Smaller than 20 nm. 
0008. Other methods of making nanostructured metals, 
metal carbides and metal alloys are disclosed in U.S. Pat. 
Nos. 5,984,996 and 6,033,624. U.S. Pat. No. 5,984,997 
discloses a process for making nanoscale powders compris 
ing mixing an emulsion including all of the elements of the 
desired powder composition and a combustible fuel and 
combusting the emulsion to produce the powder. U.S. Pat. 
No. 6,136,061 discloses nanostructured metal compacts 
formed from nanosize metal particles which exhibit a pre 
ferred grain orientation. 
0009 Nanoparticles have also been synthesized from 
vapor. U.S. Pat. No. 4,533,383, for example, discloses a 
method for making a powder of an alloy of two or more 
metals by vaporizing each of the metals in its own vapor 
ization chamber, mixing the vapors with an inert carrier gas 
and condensing the mixed vapors into particles. U.S. Pat. 
No. 5,498,446 discloses a method and apparatus for reacting 
Sodium vapor with gaseous chlorides in a flame to produce 
nanoscale particles. U.S. Pat. Nos. 5,514,349 and 5,874,684 
disclose a method and System for Synthesizing nanocrystal 
line material by vaporizing a consumable anode using an arc 
formed between the consumable anode and a cathode. U.S. 
Pat. No. 5,728,195 discloses a process for producing multi 
component and multiphase nanophase materials comprising 
Vaporizing a plurality of elements in a controlled atmo 
Sphere, mixing the vapors, and condensing. U.S. Pat. Nos. 
5,788,738 and 5,851,507 disclose methods of producing 
nanoscale powders by quenching of vapors. 
0010 Techniques for forming nanoparticles involving 
laser vaporization are also known. See, for example, U.S. 
Pat. Nos. 5,128,081; 5,300.203; 5,320,800; 5,580,655; 
5,695,617; and 6,136,156. 

0011. There still exists a need for improved methods of 
making nanoparticles of metal alloys, Such as copper-zinc 
alloys, that allow for improved control of particle size and 
composition. 

SUMMARY OF THE INVENTION 

0012. In a first embodiment of the invention, a method of 
making nanoparticles of copper and/or Zinc alloys is pro 
Vided. The method includes mounting one or more targets in 
a chamber, vaporizing material from each of the one or more 
targets by Subjecting each of the one or more targets to a 
beam of laser energy to form a vapor, and condensing the 
Vapor to form the nanoparticles. The one or more targets can 
be a Single target comprising a Cu and/or Zn alloy, a Cu/Zn 
alloy wrapped in Zinc, or a compact comprising copper and 
Zinc powders or brass and Zinc powders. 
0013 Alternatively, the one or more targets can include a 

first target comprising copper and a Second target compris 
ing Zinc and the method can further include Steps of: forming 
a beam of laser energy; Splitting the beam of laser energy 
into first and Second beams of laser energy; Subjecting the 
first target to the first beam of laser energy to form a first 
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Vapor, Subjecting the Second target to the Second beam of 
laser energy to form a Second vapor; allowing the first and 
Second vapors to mix; and condensing the mixed vapors to 
form the Cu and/or Zn alloy nanoparticles. 
0.014. The pressure in the chamber is maintained above 
atmospheric pressure during vaporization and a temperature 
gradient is established between the bottom plate and top 
plate. Inert gas, reactive gas, or mixtures thereof are intro 
duced into the reaction chamber and allows for controlled 
production of reactive materials Such as oxides, nitrides and 
carbides and oxides, nitrides, and carbides of Cu, Zn, 
Cu-Zn, or other intermetallic alloys. 
0.015. By controlling the laser power, the temperature 
gradient and the pressure in the reaction chamber, the size of 
the nanoparticles can be controlled. Cu and/or Zn alloy 
nanoparticles thus formed have an average particle size 
below 20 nm as measured using TEM. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 Other details and advantages of the invention will 
become apparent from the following detailed description of 
preferred embodiments in connection with the accompany 
ing drawings in which like numerals designate like elements 
and in which: 

0017 FIG. 1 shows an apparatus for conducting a laser 
vaporization and controlled condensation (LVCC) technique 
including a chamber and a single target in accordance with 
a first embodiment of the invention. 

0.018 FIG. 2 shows an apparatus for conducting a laser 
vaporization and controlled condensation (LVCC) technique 
which includes a chamber and two targets in accordance 
with a second embodiment of the invention. 

0019 FIG.3 shows fibers of nanoparticles formed under 
the influence of an electric field. 

0020 FIG. 4(a) is a comparison of X-ray diffraction 
patterns for a mixture of Cu and Zn (50:50 by weight) bulk 
powders and FIG. 4(b) is a comparison of X-ray diffraction 
patterns for corresponding nanoparticles formed following 
vaporization of the mixture in FIG. 4(a). 
0021 FIG. 5 is a TEM image of the nanoparticles 
corresponding to the X-ray diffraction patterns in FIG. 4(b). 
0022 FIG. 6(a) shows X-ray diffraction patterns for 
nanoparticles prepared from pure copper; FIG. 6(b) shows 
X-ray diffraction patterns for nanoparticles of a Cu/Zn alloy 
comprising 85 wt.% copper and 15 wt.% zinc, FIG. 6(c) 
shows X-ray diffraction patterns for nanoparticles of a 
Cu/Zn alloy comprising 70 wt.% copper and 30 wt.% zinc, 
FIG. 6(d) shows X-ray diffraction patterns for nanoparticles 
of a Cu/Zn alloy comprising 40 wt.% copper and 60 wt.% 
zinc, FIG. 6(e) shows X-ray diffraction patterns for nano 
particles of a Cu/Zn alloy comprising 15 wt.% copper and 
85 wt.% zinc, and FIG. 6(f) shows X-ray diffraction 
patterns for nanoparticles of pure Zn. 
0023 FIG. 7 is a TEM image of particles made by 
vaporizing pellets formed by pressing 15/85 wt.% Cu/Zn 
powder. 

0024 FIG. 8(a) shows X-ray diffraction patterns for a 
commercially available micron size brass powder having a 
Cu/Zn composition of 70 wt.% Cu and 30 wt.% Zn; FIG. 
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8(b) shows X-ray diffraction patterns for black nanoparticles 
formed following laser vaporization of the powder in FIG. 
8(a); and FIG. 8(c) shows X-ray diffraction patterns for a 
mixture of brass powder and pure elemental Zn powder 
pressed into a pellet and having an overall atomic compo 
Sition of 25 wt.% Cu. and 75 wt.% Zn. 

0.025 FIG. 9(a) shows X-ray diffraction patterns for 
black nanoparticles obtained following laser vaporization of 
a Cu/Zn alloy having 63 wt.% Cu and 37 wt.% Zn; FIG. 
9(b) shows X-ray diffraction patterns for nanoparticles 
formed from the 50:50 splitting of the spot size during laser 
vaporization at two targets-a Cu/Zn 63/37 wt.% brass 
sample and a 99 +% Zn target; and FIG. 9(c) shows X-ray 
diffraction patterns for nanoparticles formed from the 
1/3:2/3 splitting of the Spot size during laser vaporization of 
two targets-a Cu/Zn 63/37 wt.% brass sample and a 99 +% 
Zn target. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0026. The present invention relates to a method of mak 
ing nanoparticles of copper and/or Zinc alloys (Cu-Zn) 
comprising Subjecting a Starting material to laser energy So 
as to form a vapor and condensing the vapor So as to form 
Cu, Zn, or Cu-Zn nanoparticles. 
0027. The starting material can be a Cu-Zn alloy target. 
Alternatively, the target can be a Cu-Zn alloy wrapped in 
Zinc, or the target can be made by forming a compact from 
a mixture of copper and Zinc powders, or a compact of brass 
and Zinc powders. Separate copper and Zinc targets can also 
be used. 

0028. According to the invention, the starting material is 
exposed to laser energy to bring about vaporization of the 
Starting material. The amount of energy required to vaporize 
the target material can vary depending on variables Such as 
the thermal and optical properties of the target material as 
well as the type of Starting material and the conditions in the 
chamber. 

0029. The laser beam preferably vaporizes the target 
material directly, without the material undergoing a liquid 
phase transformation. The types of lasers that can be 
employed to generate the laser energy used in the practice of 
this invention include Several commercially available lasers. 
In a preferred embodiment, laser energy can be provided by 
the output of the Second harmonic of a pulsed yttrium 
aluminum garnet-neodymium (YAG-Nd) laser at a wave 
length of 532 nm. The laser can be run at 20 Hz and can 
deliver a power of 20-40 m/pulse on the sample at a pulse 
duration of 10 nanoSeconds. 

0030. In producing nanoparticles, the vapor produced 
according to the invention can be cooled or condensed by 
Subjecting the vapor to collisions with an inert gas. 
0031 A preferred embodiment of a method according to 
the invention employs pulsed laser vaporization of at least 
one metal target into a Selected gas mixture in a diffusion 
cloud chamber. Details of Suitable diffusion cloud chambers 
can be found in J. L. Katz, The Journal of Chemical Physics, 
vol. 52, pp. 4733–4748 (1970), the disclosure of which is 
hereby incorporated by reference. The laser vaporization 
produces a high-density vapor within a very short time, 
typically 10 sec, in a directional jet that allows directed 
deposition. 
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0032. A cross-sectional view of an exemplary chamber is 
shown in FIG. 1. As shown, the chamber 10 consists of two 
horizontal circular stainless Steel plates 26 and 28 Separated 
by a circular glass tube 30 forming a diffusion cloud 
chamber 16. During laser vaporization, bottom plate 26 is 
typically maintained at a higher temperature than top plate 
28. In this manner, a convection flow can be created inside 
the diffusion cloud chamber 16. Target 14 is mounted 
between plates 26 and 28, preferably closer to lower plate 
26. Diffusion cloud chamber 16 can then be filled with a pure 
inert carrier gas Such as helium or argon. Alternatively, 
diffusion could chamber 16 can be supplied with a reactive 
gas mixture Such as a mixture of oxygen and helium. The use 
of oxygen allows for the formation of oxides in the nano 
particles. The pressure in the diffusion cloud chamber 16 is 
typically maintained at a total pressure of about 800-1000 
torr during vaporization, though experiments can be carried 
out at pressures ranging from 10 torr to 1500 torr. 
0.033 Glass tube 30 is located substantially as an outer 
glass wall to the diffusion cloud chamber 16 and is prefer 
ably heated during laser vaporization. For example, 
nichrome heater wires (not shown) can be wrapped around 
diffusion cloud chamber 16 to provide sufficient heat to 
prevent condensation on glass tube 30 and to maintain a 
constant temperature gradient between the lower plate and 
the cold plate. During operation, the nanoparticles will 
typically condense on upper plate 28. 

0034 Target 14 can comprise one or more target mate 
rials made from alloyed or pure copper and Zinc, e.g., the 
target can be a copper-zinc alloy Such as brass or a brass 
target wrapped or otherwise covered with zinc. Target 14, 
however, can also comprise a compacted mixture of copper 
and Zinc powders. 
0035. The target 14 and lower plate 26 are preferably 
maintained at a temperature higher than the temperature of 
upper plate 28. For example, upper plate 28 can be cooled 
to less than 120 K by circulating a coolant Such as liquid 
nitrogen through coolant lines 18. Coolant lines 18 supply 
coolant to internal passages (not shown) in the interior of 
upper plate 28. In this manner, upper plate 28 can be 
maintained at a desired temperature. A temperature gradient 
thus created between lower plate 26 and upper plate 28 
provides a convection current. The convection current can 
be enhanced by adding helium, argon, or other inert gases, 
to the vacuum chamber under relatively high pressure, e.g., 
800-1000 torr. 

0036) A vapor of the target material can be generated by 
the output from laser 32. In a preferred embodiment the 
output from the laser is the second harmonic (=532 nm) of 
a yttrium aluminum garnet-neodymium (YAG-Nd) laser. 
The laser is preferably pulsed. An exemplary pulse duration 
is about 10 nanoSeconds. In a preferred embodiment, the 
laser is run at 20 Hz and delivers a power of 20-40 m/pulse 
on to the target. 

0037. As shown in FIG. 1, two mirrors 12 are used to 
direct the beam via reflection from the laser to the target. 
Other arrangements of one or more mirrors, however, can 
also be used. Further, the output from the laser can directly 
impinge on the Sample without being reflected from a mirror. 

0038 FIG. 2 illustrates an alternative embodiment of the 
apparatus according to the invention wherein an additional 
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mirror is used to Split the beam from laser 32 to two Separate 
targets 22.24. AS shown, beam splitting can be accomplished 
with semi-transparent mirror 20 which reflects a portion of 
the beam to Second target 22 while permitting the other 
portion of the beam to pass through to first target 24. In a 
preferred embodiment of the invention, a copper target and 
a Zinc target are used. 

0039. During laser vaporization, each pulse can release 
more than 10" atoms of material from the target. The atoms 
ejected from the target or targets during vaporization can 
interact in a reaction Zone of the chamber to form clusters in 
the vapor phase. These clusters of metallic or intermetallic 
material can then condense to form nanoparticles. The 
convection current created in the diffusion cloud chamber 16 
helps to transport the condensed particles out of the reaction 
Zone thereby limiting their growth. By controlling the laser 
power, and controlling the temperature gradient and the 
preSSure in the chamber, the size of the nanoparticles can be 
controlled. 

0040. The laser vaporization and condensation procedure 
is preferably conducted for a period of Several hours. In a 
preferred embodiment, the procedure is carried out for a 
period of about 2 hours. After the particles have been 
formed, the diffusion cloud chamber 16 can be brought to 
room temperature (20-25 C.), and the particles formed 
therein can be collected and Stored under atmospheric con 
ditions. In the arrangement described, the particles formed in 
diffusion cloud chamber 16 accumulate on upper plate 28. 

0041 Alternatively, condensation can occur out of the 
reaction Zone and removed from the diffusion cloud cham 
ber 16 Such as in a collection chamber that may be periodi 
cally isolated, replaced, or removed from the diffusion cloud 
chamber 16 and/or the chamber 10 and the condensed 
particles collected while Still allowing continuous produc 
tion of condensed particles of the vaporized target alloy 
materials. 

0042. The laser vaporization and condensation technique 
according to the invention has numerous advantages. For 
example, laser vaporization does not require containers for 
the evaporated Substances and the material of interest can be 
directly ablated from the Surface of the target material. In 
contrast, conventional gas condensation techniques employ 
an oven to produce vapors of the metal contained in a 
crucible and the vaporization temperature is limited by the 
Vaporization temperature of the crucible material. Addition 
ally, laser vaporization and condensation allows for the 
controlled production of materials which include oxides, 
nitrides and carbides of the target materials. 
0043. The as deposited Cu and/or Zn alloy nanoparticles 
are black in color. Scanning electron micrographs (SEM) 
show that the condensed nanoparticles are aggregated into 
web-like Structures. 

0044) The nanoparticle synthesis reaction is preferably 
performed with an inert environment of helium or argon at 
preSSures higher than atmospheric pressure in the diffusion 
cloud chamber 16, which eliminates the possibility of atmo 
Spheric contamination during the nanoparticle Synthesis. 
However, the reaction may also be carried out at pressures 
lower than atmospheric pressure. For example, the reaction 
may occur at pressures as low as 10 torr. 
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0.045. During a production run, the laser beam can be 
moved to expose new Surfaces of the target. This ensures 
improved reproducibility of the desired vapor following 
each laser pulse. 
0046) An added advantage of the synthesis reaction is the 
capability of preparing Selected oxide nanoparticles of the 
target materials, including intermetallic nanoparticles, by 
precisely introducing known concentrations of oxygen into 
the vacuum chamber. 

0047 The synthesis reaction may also be used to produce 
carbide nanoparticles of the target materials, including inter 
metallic nanoparticles. When these carbides are desired, the 
reactive mixture contains an inert carrier gas and a carbon 
containing gas Such as a hydrocarbon, e.g. isobutene. 
0.048. The synthesis reaction preferably uses pulsed laser 
Vaporization with control of the condensation proceSS from 
the vapor phase under defined conditions of temperature and 
preSSure in a chamber. The collisions between the primary 
particles undergoing Brownian motion during the gas-to 
particle conversion can result in the formation of nanopar 
ticle aggregates. The Structure of the aggregates included 
Substantially open web-like Structures to compact assem 
blies of primary nanoparticles. Since the laser vaporization 
and condensation process produces a mixture of mostly 
atoms and a Small fraction of ions, it is expected that both 
neutral and charged (by ions or free electrons) nanoparticles 
are formed during the processes. 
0049. It is possible to influence the growth mechanism 
and the structures of the aggregates by applying an electric 
field during the formation of the nanoparticles. For instance, 
laser vaporization can be conducted in the presence of an 
electric field So as to form nanowires, nanotubes, nano 
filaments, or filament-like or tree-like aggregates of the 
Cu-Zn alloy nanoparticles. In one aspect, the naqnopar 
ticles formed in the presence of an electric field have an 
aspect ration >1. The chains and the tree-like aggregates 
display Stretch and contraction properties depending on the 
Strength of the applied field. For example, the electric field 
may be applied at 30 to 300 V/cm and can be, for example, 
an integral feature of the chamber. FIG. 3 shows fibers 
formed under the influence of an electric field. In the image 
in FIG. 3, -300 V was applied to the top plate. 
0050 Laser vaporization controlled condensation can 
form Cu and/or Zn nanoparticles with various compositions. 
Hence the composition of the final products (nanoparticles) 
will be dependent on the ratio of Cul to Zn atoms available 
in the reaction/nucleation Zone. This experimental technique 
allows the flexibility of vaporizing Single or multiple targets. 
Depending on the composition of the Single or multiple 
targets, the amount of Cu and Zn atoms in the vapor can be 
manipulated to any desired ratio to form Cu and/or Zn 
nanoparticles. 
0051. For example, if a target on vaporization gives only 
(Cu,Zn) or C-brass but it is desired to prepare nanoparticles 
of the intermetallic Y-CuZns or Y-brass, then an additional 
target, Such as pure Zn, can be placed with the original 
(Cu,Zn) or 2-brass target and simultaneously vaporized to 
enhance the amount of Zn in the vapor and thus favor the 
formation of Zn rich phase Y-CuZns. 
0.052 In one exemplary method, pellets containing dif 
ferent compositions of micron sized Cu and Zn powders 
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-100+325 mesh size (44 um<particle size <149 um) were 
prepared and then Vaporized. On vaporizing the pellets, a 
certain ratio of Cu to Zn atoms will be formed in the vapor. 
The atoms So formed will then interact or react with each 
other to recondense and form the corresponding nanopar 
ticles. 

0053 FIG. 4 is a comparison of the X-ray diffraction 
(XRD) patterns for a bulk powder mixture and an interme 
tallic nanoparticle. FIG. 4(a) shows the XRD pattern of the 
pellet formed by pressing 50/50 wt.% of the Cu and Zn 
powders. AS Seen in the XRD, all the peaks belong to either 
Cu or Zn and there is no evidence of any alloy formation in 
this case. FIG. 4(b) presents the XRD pattern of nanopar 
ticles formed by the vaporization of the pellet whose XRD 
is shown in FIG. 4(a). As compared to FIG. 4(a), the 
nanoparticles formed are not just a mixture of Separate Cu 
and Zn powders but intermetallic Cu-Zn nanoparticles. 
The XRD peaks can be assigned to diffraction from the 
(330), (422), (600), and (721) planes, respectively, of the 
Y-Cu,Zns or Y-brass crystal lattice. 
0054 FIG. 5 is a TEM image of the nanoparticles 
corresponding to the XRD in FIG. 4(b). The TEM image 
shows that the average particle size is about 20 nm. 
0055 Cu, Zn, and Cu/Zn alloy nanoparticles have been 
prepared using the laser vaporization controlled condensa 
tion technique according to the invention. The XRD patterns 
of nanoparticles prepared by vaporization of pellets made by 
pressing several different compositions (wt.%) of Cu and Zn 
powders (Cu,Znool) are presented in FIGS. 6(a)-(f). FIG. 
6 shows X-ray diffraction data for: (a) nanoparticles prepared 
from pure copper; (b) nanoparticles of a Cu/Zn alloy com 
prising 85 wt.% copper and 15 wt.% zinc, (c) nanoparticles 
of a Cu/Zn alloy comprising 70 wt.% copper and 30 wt.% 
Zinc, (d) nanoparticles of a Cu/Zn alloy comprising 40 wt. 
% copper and 60 wt.% zinc, (e) nanoparticles of a Cu/Zn 
alloy comprising 15 wt.% copper and 85 wt.% zinc, and (f) 
nanoparticles of pure Zn. XRD patterns were obtained using 
a Philips X Pert Materials Research Diffractometer with Cu 
K radiation. The size and shape of the individual particles 
were investigated using a Jeol JEM-200FXE transmission 
electron microscope (TEM) operated at 200 kV, which was 
also equipped with a Tracor Northern 5500 EDX analysis 
system for compositional analysis. High resolution TEM 
images were obtained using the Jeol-4000EX operated at 
400 kV. 

0056. As can be seen from FIG. 6(a), the XRD pattern of 
the pure copper nanoparticles exhibits prominent peaks at 
diffraction angles (20) of 43.31, 50.46°, and 74.09, which 
are assigned to diffraction from the (111), (200), and (220) 
planes, respectively, of the copper crystal lattice. 

0057. As can be seen from FIG. 6(f), the XRD pattern of 
nanoparticles of pure Zn (graph f) exhibits prominent peaks 
at diffraction angles (20) of 43.24, 54.32°, 70.08°, and 
82.09, which are assigned to diffraction from the (101), 
(102), (103), and (112) planes, respectively, of the zinc 
crystal lattice. 

0.058 As can be seen from FIG. 6(b), the XRD pattern of 
nanoparticles of a Cu/Zn alloy comprising 85 wt.% copper 
and 15 wt.% zinc exhibits prominent peaks at diffraction 
angles (20) of 43.34, 50.52, and 74.17, which are 
assigned to planes in the Cu crystal lattice. 
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0059) As can be seen from FIG. 6(c), the XRD pattern of 
nanoparticles of a Cu/Zn alloy comprising 70 wt.% copper 
and 30 wt.% zinc exhibits prominent peaks at diffraction 
angles (20) of 43.29, 50.37, and 74.11, which are 
assigned to planes in the Cu crystal lattice. In FIG. 6(c), the 
shoulder to the left of each of the three peaks is indicative 
of the formation of a Solid Solution of Cu and Zn, or brass. 
0060. As can be seen from FIG. 6(d), the XRD pattern of 
nanoparticles of a Cu/Zn alloy comprising 40 wt.% copper 
and 60 wt.% zinc exhibits prominent peaks at diffraction 
angles (20) of 43.25°, 56.59, 62.81, and 79.29°. The 20 
peaks of 43.25, 62.81, and 79.29 are assigned to diffrac 
tion from the (330), (600), and (721) planes in the CuZns 
crystal lattice. 
0061 As can be seen from FIG. 6(e), the XRD pattern of 
nanoparticles of a Cu/Zn alloy comprising 15 wt.% copper 
and 85 wt.% zinc exhibits prominent peaks at diffraction 
angles (20) of 42.07, 43.29, 57.67, 62.83, 68.09°, 
77,79, and 83.27. The 20 peaks of 43.29, 62.83, and 
78.50 are assigned to diffraction from planes in the Cu,Zns 
crystal lattice. The 20 peaks of 42.07, 57.67, 68.09, 
77.79, and 83.27 are assigned to diffraction from planes in 
the CuZns crystal lattice. 
0062) The Cu and/or Zn alloy nanoparticles according to 
the invention can have an average particle size below 20 nm 
as measured using TEM. A TEM image of particles made by 
vaporizing the pellet made by pressing 15/85 wt.% of the Cu 
and Zn powders is seen in FIG. 7. The average size of the 
nanosize particles are about 20 nm. 
0.063 AS set forth above, in a preferred embodiment, a 
Steady convection current is created within the diffusion 
cloud chamber. The Steady convection current can be 
achieved by maintaining the top plate at a temperature 
Significantly lower than the bottom plate. As a result, the top 
plate is called the condensation or deposition plate. The 
convection current can be created, for example, by cooling 
the top plate and keeping the bottom plate at room tempera 
ture or by heating the bottom plate and keeping the top plate 
at room temperature. Nichrome heating wires can be 
wrapped around the glass tube to heat the glass tube in order 
to minimize deposition on the glass and also to ensure a 
more uniform temperature gradient between the two plates. 
The temperatures of the plates can be monitored using 
thermocouples attached to each plate. The thermocouples 
can be connected to a temperature readout. 
0064. During vaporization, the atoms ejected from the 
Surface of the bulk target or targets preferably interact with 
the atmosphere in the diffusion cloud chamber. Due to the 
convection current, the temperature of the atmosphere 
decreases as the top plate is approached resulting in maxi 
mum SuperSaturation developing in the upper half of the 
diffusion cloud chamber. The higher the degree of Super 
Saturation, the Smaller the Size of the nucleus required for 
condensation. The degree of SuperSaturation of the vapor can 
be enhanced by varying the temperature gradient. Convec 
tion also plays a role in moving the particles out of the 
nucleation Zone before they grow too large in size. Convec 
tion within the diffusion cloud chamber can be enhanced by 
increasing the temperature gradient or by using a heavier 
carrier gas (argon as compared to helium). Thus, by con 
trolling the laser power, the temperature gradient and the 
chamber pressure and/or atmosphere, the size and/or shape 
of the condensing particles can be controlled. 

Aug. 7, 2003 

0065 Process variables which can result in different 
phases being formed include the type and preSSure of the 
inert gas used in the diffusion cloud chamber, the tempera 
tures of the top and bottom plates, and the laser power. 
Additionally, when the laser is split, the relative intensity of 
each of the Split laser beams can influence the phases formed 
during laser vaporization and condensation. 
0066. The Cu-Zn alloy nanopowders can be used in a 
variety of applications. For example, the powders can be 
dispersed in a Suitable carrier and used as inks for inkjet 
printing applications. The Cu-Zn nano-powders can also 
be used for generating metallic images or metallic conduc 
tive patterns on Substrates. The nano-powders of the inven 
tion can also be used in powder metallurgy applications for 
the preparation of metallurgical components, for the fabri 
cation of metallic films or to prepare layered Structures Such 
as functionally gradient materials. The nanoparticles can be 
used as catalysts in chemical reactions, for example, in the 
conversion of CO to CO. 
0067. In an additional aspect, micron sized brass powder 
and Zn powders can be the initial Starting material instead of 
elemental Cu and Zn powders. 
0068 FIG. 8(a) shows the XRD pattern of commercially 
available micron sized brass (Cu/Zn) powder (Cu/Zn:70/30 
wt.%). Peaks are observed at diffraction angle (20) values 
of 42.52, 49.52 and 74.64. The three main peaks compare 
well with peaks listed in the database XRD card for C.-brass 
(Cu,Zn). The peak at 42.52 has been indexed to diffraction 
from the (110) plane of a-brass. An additional peak at 88.02 
(not shown) has been indexed to the (009) plane of a-brass. 
FIG. 8(b) displays the XRD pattern of the black nanopar 
ticles produced following laser vaporization of the micron 
sized brass particles. On comparing the two patterns it is 
apparent that the nanoparticle Sample contains C.-brass. In 
addition, there also exists another Set of peaks at 20 values 
of 43.26, 50.4, 74.06° and 89.90° (not shown) which can 
be indexed to diffraction from the (111), (200), (220) and 
(311) planes of copper. The above observations indicate that 
laser vaporization of the micron sized brass powder results 
mainly in a mixture of Cu and C.-brass nanoparticles. 

0069. In order to form Zn rich intermetallic phases, the 
Zn Vapor within the reaction chamber can be enriched as 
compared to the vapor obtained by vaporizing the bulk brass 
powder with Cu/Zn:70/30 wt.% ratio. To facilitate this, a 
mixture of brass powder and pure elemental Zn powder was 
pressed into a pellet Such that the overall atomic composi 
tion of the pellet was Cu/Zn:25/75 wt.%. FIG. 8(c) illus 
trates the XRD pattern of nanoparticles formed following 
laser vaporization of the pellet. Changes in the XRD pattern 
as compared to FIGS. 8(a) and 8(b) show that neither the Cu 
nor the C-brass phases are formed. The peaks observed at 20 
values of 43.28, 50.37, 62.85 and 79.38 can be assigned 
to diffraction from the (330), (422), (600) and (721) planes 
of the intermetallic Y-brass phase, which has the composition 
CusZns. 
0070. In still a further aspect, a solid brass and Zn target 
can be used as the Starting material and the main Source of 
manipulation of the ratio of Cul to Zn atoms in the vapor is 
through the laser Source. 

0071 FIG. 9(a) shows the XRD pattern of the black 
nanoparticles obtained following the laser vaporization of a 
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commercially available brass (Cu/Zn:63/37 wt.%) target. 
Prominent peaks are observed at angles (20) of 43.33, 
50.47 and 74.11. These can be indexed to diffraction from 
the (111), (200) and (220) planes of Cu. In addition, each of 
these peaks contains a shoulder due to the presence of an 
adjacent peak (denoted by *). These adjacent peaks overlap 
each other and could not be resolved into Separate peaks as 
XRD peaks, the broadening being due to the nanocrystalline 
size of the particles. These shoulders were found to be absent 
in the XRD pattern of Cu nanoparticles prepared by vapor 
ization of a pure Cu (99.999%) target as can be seen in FIG. 
6(a). The shoulder peaks could be attributed to the presence 
of brass (Cu,Zn) or C.-brass nanoparticles within the sample. 
0.072 The laser vaporization condensation technique 
allows the vaporization technique allows the vaporization of 
two targets simultaneously. The Cu/Zn sample (Cu/Zn:63/37 
wt.%), was entrapped in a hole drilled within a 99% Zn 
target. The vaporization laser Spot was then split between the 
two targets such that it was approximately 50% on the brass 
target and 50% on the Zn target. Following laser vaporiza 
tion, Cu and Zn atoms can be produced from the brass 
Sample and in addition Zn atoms can also be produced from 
the Zn target, thus creating an excess of Zn atoms in the 
vapor. An XRD pattern of the nanoparticles formed is shown 
in FIG. 9(b). As denoted in the figure, all the peaks observed 
can be indexed to diffraction from the intermetallic Y-Cu,Zns 
phase. FIG. 9(c) presents the XRD spectra of the nanopar 
ticles formed after moving the laser Spot Such that it was 
approximately one-third on the brass target and two-thirds 
on the Zn target. This further enhanced the concentration of 
Zn atoms in the vapor and as expected peaks corresponding 
to the more Zn rich intermetallic phase b were observed 
(denoted by ). CuZns was the preferential phase formed. In 
both Samples, the presence of trace quantities of ZnO was 
noted. 

0.073 Nanoparticles formed by the method of the present 
invention can be used in industrial and environmental pro 
cesses. For example, nanoparticles of Cu and/or Zn and/or 
CuZnO, can be used as a catalyst for hydrocarbons. The 
nanoparticles can also be used as a CO catalyst or can be 
used as a catalyst in the oxidation of methanol. The Cu 
and/or Zn and/or Cu/ZnO nanoparticles can be used alone 
or in conjunction with other Suitable hydrocarbon catalysts. 
For example, a Supported catalytic structure (i.e., a catalytic 
Structure with a catalyst material deposited thereon) can 
have the catalyst in the form of nanoparticles of Cu and/or 
Zn. The Cu and/or Zn nanoparticles can be formed by laser 
vaporization with controlled condensation (LVCC) and 
deposited on the catalytic Structure by Suitable means. In one 
aspect, the nanoparticles of Cu and/or Zn can be dispersed 
in a Suitable carrier and printed, either uniformly or in a 
pattern, by an inkjet technique on a Substrate. In another 
aspect, the nanoparticles of Cu and/or Zn can be used in 
powder metallurgical applications for the preparation of 
metallurgical components, for the fabrication of metallic 
films, or to prepare layered Structures Such as functionally 
gradient materials. 
0.074. While the present invention has been described by 
reference to the above-mentioned embodiments, certain 
modifications and variations will be evident to those of 
ordinary skill in the art. Therefore, the present invention is 
to limited only by the Scope and Spirit of the appended 
claims. 
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What is claimed is: 
1. A method of making nanoparticles of a copper/zinc 

(Cu/Zn) alloy comprising: 
mounting one or more targets in a chamber; 
Vaporizing material from each of the one or more targets 

by Subjecting each of the one or more targets to a beam 
of laser energy to form a vapor; and 

condensing the vapor to form the Cu/Zn alloy nanopar 
ticles. 

2. The method according to claim 1, wherein the one or 
more targets comprises a single target comprising a Cu/Zn 
alloy. 

3. The method according to claim 2, wherein the Single 
target comprises a Cu/Zn alloy wrapped in Zinc. 

4. The method according to claim 2, wherein the Single 
target is a compact comprising copper and Zinc powders or 
a compact comprising brass and Zinc powders. 

5. The method according to claim 1, wherein the Cu/Zn 
alloy nanoparticles have an average particle size of less than 
about 20 nm. 

6. The method according to claim 1, wherein the laser is 
a YAG-Nd laser and wherein the emission from the laser 
comprises the Second harmonic at a wavelength of 532 nm. 

7. The method according to claim 1, wherein the laser 
energy is pulsed. 

8. The method according to claim 7, wherein the pulses of 
laser energy have a duration of about 10 nanoSeconds. 

9. The method according to claim 7, wherein each pulse 
of laser energy delivers from 20-40 m.J of energy to the 
target. 

10. The method according to claim 1, wherein the nano 
particles are formed in the presence of an electric field and 
wherein the nanoparticles comprise filaments, nanowires or 
nanotubes. 

11. The method according to claim 10, wherein the 
nanoparticles have an aspect ratio greater than 1. 

12. The method according to claim 10, wherein the 
electric field is applied at 30 to 300 V/cm. 

13. The method according to claim 1, wherein the vapor 
ization and condensing are carried out in a diffusion cloud 
chamber. 

14. The method according to claim 13, wherein the 
diffusion cloud chamber comprises an upper portion and a 
lower portion and wherein the upper portion is maintained at 
a lower temperature than the lower portion Such that the 
nanoparticles condense in the upper portion. 

15. The method according to claim 1, wherein an inert 
carrier gas or a reactive mixture comprising an inert carrier 
gas and a reactive gas is added to the chamber. 

16. The method according to claim 15, wherein the inert 
carrier gas is helium or argon. 

17. The method according to claim 15, wherein the 
reactive mixture comprises an inert gas and isobutene. 

18. The method according to claim 15, wherein the 
reactive mixture comprises oxygen and an inert gas and 
wherein the nanoparticles comprise one or more oxides of 
copper and/or zinc. 

19. The method according to claim 18, wherein the 
nanoparticles comprising one or more oxides of copper 
and/or zinc are CuO, ZnO, or CuO. 

20. The method according to claim 1, wherein the nano 
particles comprise intermetallic compounds of copper and 
ZC. 
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21. The method according to claim 20, wherein the 
intermetallic compounds comprise CuZns and/or CuZns. 

22. The method according to claim 1, wherein the one or 
more targets comprises a first target comprising copper and 
a Second target comprising Zinc, the method further com 
prising Steps of: 

Splitting the beam of laser energy into a first beam and a 
Second beam of laser energy, 

Subjecting the first target to the first beam of laser energy 
to form a first vapor; 

Subjecting the Second target to the Second beam of laser 
energy to form a Second vapor; 

mixing the first and Second vapors, and 
condensing the mixed vapors to form the Cu/Zn alloy 

nanoparticles. 
23. The method according to claim 1, wherein the beam 

of laser energy is moved relative to the one or more targets. 
24. The method according to claim 1, wherein pressure in 

the chamber is maintained in the range of 10 to 10' torr 
during the vaporization Step. 

25. The method according to claim 1, further comprising 
maintaining a temperature gradient in the chamber during 
the vaporization Step. 

26. The method according to claim 1, wherein pressure in 
the chamber during vaporization is maintained above atmo 
Spheric preSSure. 

27. A method of making nanoparticles of copper (Cu) 
comprising: 

mounting one or more targets in a chamber, at least one 
of the targets comprising a first target comprising 
copper, 

Vaporizing material from at least one of the one or more 
targets by Subjecting the at least one target to a beam of 
laser energy to form a first vapor; and 

condensing the first vapor to form the Cu nanoparticles. 
28. The method according to claim 1, further comprising 

Steps of: 
optionally mixing the first vapor and a Second vapor, 
wherein the Second vapor is an inert carrier gas or a 

reactive mixture comprising an inert carrier gas and a 
reactive gas and the Cu nanoparticles comprise one or 
more oxides of copper. 
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29. A method of making nanoparticles of Zinc (Zn) 
comprising: 

mounting one or more targets in a chamber, at least one 
of the targets comprising a first target comprising Zinc, 

Vaporizing material from at least one of the one or more 
targets by Subjecting the at least one target to a beam of 
laser energy to form a first vapor; and 

condensing the first vapor to form the Zn nanoparticles. 
30. The method according to claim 29, further comprising 

Steps of 
optionally mixing the first vapor and a Second vapor, 
wherein the Second vapor is an inert carrier gas or a 

reactive mixture comprising an inert carrier gas and a 
reactive gas and the Zn nanoparticles comprise one or 
more oxides of zinc. 

31. A nanosized particle of Cu/Zn alloy having an average 
particle size of S20 nm, wherein the nanosized particle is 
condensed from a laser vaporized material. 

32. The nanosized particle of claim 31, wherein the 
average particle size is less than about 20 nm. 

33. The nanosized particle of claim 31, wherein the 
nanosized particles comprise one or more intermetallic 
compounds of copper and zinc. 

34. The nanosized particle of claim 33, wherein the 
intermetallic compounds comprise CuZns and/or CuZns. 

35. A nanosized particle produced by condensation of 
material from a laser vaporization of first and/or Second 
targets, wherein a first target comprises copper and a second 
target comprises zinc. 

36. The nanosized particles of claim 35, wherein the 
nanosized particles comprise one or more intermetallic 
compounds of copper and zinc. 

37. The nanosized particle of claim 36, wherein the 
intermetallic compounds comprise CuZns and/or CuZns. 

38. A Supported catalytic Structure comprising: 
a catalytic Structure; and 
a catalyst, 

wherein the catalyst comprises a plurality of nanoparticles 
of Cu, Zn or Cu/Zn formed by the process of laser 
Vaporization with controlled condensation. 


