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Abstract: Reduced iron, aluminum, copper, and magnesium ratioles were produced from iron oxide {Bg),
aluminum oxide (AJOs), copper oxide (CuQ), and magnesium oxide (MgOyqers by using laser ablation in liquids, and
nanopastes were synthesized with the reduced &ominum, copper, and magnesium nanoparticles. nem®pastes were
sintered by using a continuous-wave fiber laseaimatmosphere. The laser-sintered nanopastesstarfspolycrystalline
metal. The structures of the laser-sintered mesalopastes were analyzed by SEM and EDX, and tbsistivities were
evaluated by four-terminal method. The metal nastgsasintered by hot plate have 2.5- to 11-timgkdri resistivities than
those of common metals fabricated in blast furnaddsereover, the laser-sintered metal nanopastes Has- to
45-times-higher resistivities than those of commuetals fabricated in blast furnaces.
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1. Introduction

Additive manufacturing is promising because it carin electrical circuits because gold and silver diféicult to
fabricate free-form structures easily. This insteminuses a oxidize. These pastes, however, are expensive,oppec
technology called “selective laser sintering” (SLU$). SLS nanopaste or copper-nanoparticle inks (which anetaost)
uses a high-power laser, such as g @@er, a fiber laser, or have been researched [4-6]. Moreover, copper naticpa
laser diodes, to sinter some kinds of powders. tieJas ink or copper nanopastes oxidize easily under simgeand
ceramic, glass, and metals are typically used asders the sintered metals have high resistivities [5]. pger
(with diameters of a few tens of micrometers) faSSWhile, nanoparticle ink or copper nanopastes sinterechbgrlwith
a technology for producing small electrical cirsudt low low resistivity can be produced under a narrowrksensity
cost, called “printed electronics,” by using regime [5] or a reducing atmosphere by using nérogas
“metal-nanoparticle ink” or “nanopastes” has beewadoped [4]. Moreover, a pulse laser or a flash lamp wasdufor
[2,3]. The nanopastes or nanoparticle inks whicle arsintering to prevent oxidization of copper. Prepgrcopper
composed of highly doped metal nanoparticles can h®nopastes with high quality is very hard, and thaye high
sintered at low temperatures by exploiting the ddgtion of material cost. Thus, a method for sintering metaét are
the melting points of metal powders. Here, we chtaio easy to oxidize needs complicated procedures. Nbrma
special metals, which are metal plates with nameesi metal nanopastes mainly consist of metal nanopestiwith
polycrystals. On the basis of this surface-eneepuction, a coating to protect against oxidation and cond@rsaPure
metal plates with nano-sized polycrystals can bméal. The nanoparticles with average diameter from ten tolwnadred
polycrystalline metals are often organized. Thetimglpoint nanometers have a very high reactivity to oxidize i
of the metal nanoparticles is 14% to 30% of thathefmetal atmosphere easily. Accordingly, they are hard &l déth.
bulks. The melting temperatureis usually betweeB aid In addition, low-cost nanopastes are needed for SLS
473 K. Gold or silver nanoparticle ink or nanopasiee used printed electronics. It is costly to prepare puretathparticles
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as metal nanopastes for SLS or printed electrofiiies.high nanocrystalline metals have been applied in sniedtiécal
material cost of pure metals is mainly owing to faet that circuits, connection wires, and magnetic substandé®
the process of preparing pure metals from metablesxi electrical and magnetic properties of nanocrystalimetals
consumes a large amount of energy. Metal oxides lttave are remarkably different from those of the bulk ahet
lower material costs than that of pure metal. Ifepmetal prepared in a conventional melting furnace becalsmon
nanoparticles were made by reducing metal oxidedeosy transfer is prevented. It is thus expected thatathiéities of
and the reduced metal nanoparticless were usedné&al electrical or magnetic devices will be improved bging
nanopastes or nanoparticle inks, the material costd be nanocrystalline metals in the future.
gradually reduced. However, metal oxide powders are At this time, large amounts of iron, aluminum, cepmnd
reduced to pure-metal powders by electrolysis anthagnesium nanoparticles were prepared (with highaton
microwave or plasma irradiation at high temperat{oeer efficiency) from FgO, Al,Os; CuO, and MgO powders by
10,000 K), and it is normal to use a large amouht ausing laser ablation in liquids, and nanopastesviermed
electricity and some chemicals. Especially in tlesec of with the produced metal nanoparticles. Normallyydts very
electrolysis, hazardous gas is generated by thectied hard to produce iron, aluminum, copper, and magnesi
process. Reduced metal particles produced by thwmnopastes owing to oxidization, and to the authors
conventional method thus have high cost. knowledge, nanopastes other than those developedsby
Reduction of metal oxides using pulsed laser with have not been reported. In the present study, a
high-peak-power in liquids by low cost has beereadly high-repetitive-rate nanosecond pulse laser wad fisdaser
performed. Metal oxides have already been redutddwa ablation in liquids. The produced nanopastes werered
cost by using a pulsed laser with a high peak pawéquids using a CW fiber laser in air atmosphere, and iedmmninum,
[7-15]. This method uses a special mechanism far thcopper, and magnesium metal plates (with centirorter
reduction. Usually, thermal reduction occurs duringize and low electrical resistance) were obtaiféoreover,
irradiation by microwaves or plasma at high tempem the structures of the sintered metal nanopastes aleserved
However, it has been suggested that this procesomy by SEM and EDX, and their volume resistivities were
involves thermal reduction but also coulomb exmlosiue to  evaluated, and the volume resistivities were almpmared
electrons being ejected from metal oxides. Untilwno with those of the normal bulk metals. Except thdeeeloped
because this method used low repetition-rate lasétis in the present study, laser-sintered nanopastepased of
high-energy pulses, the efficiency of reduction lager such metal-oxide powders reduced by laser ablation
irradiation is around 60%, and the amount of redutetal liquids have not been reported. Furthermore, wepraduce
nanoparticles that are produced is small. We medlithis large-scale sintered metal plates or bulk metaligit speed
method by using a highly repetitive nanosecondelaser. and low cost if high-power lasers are used.
If the repetition rate is over 1 kHz, the reductéfficiency is
reported to be close to 100% [12,13,15]. The amafnt 2 Preparation of Metal Nanopast&
reduced metal nanoparticles produced by usingntioidified
method is very large. Moreover, the energy requited A high-repetition-rate microchip Nd:YAG pulsed laseas
reduce metal oxides is considerably lower than thatsed for preparing the metal nanopastes. Maximutpubu
consumed by other methods because of the specamlerage laser power was 250 mW, laser wavelength wa
mechanism outlined above. 1064nm, repetition rate of the laser pulses wa&H8 and
We previously proposed an energy cycle usingulse duration was 8 ns. The laser beam, with melier of 6
solar-pumped pulse lasers and metals [12-15]. Mgtalells mm (1/&), was focused by using a lens with a focal leruth
generate electricity from the reaction of a metdhwxygen 50 mm. The diameter of the focused beam was thysr2at
[12,13]. Metal oxides are produced after the medaésused the front of glass bottle. Glass bottles (with andéter of 20
for generating electricity. They are reduced byhgsa pulse mm and length of 38 mm) were used in this experimen
laser generated from solar power. As recyclablealmén this Metal oxide particles were confined in the glastles (with
energy cycle, iron, aluminum, and magnesium havenbe volume of 5 mL) and reduced by using pulsed labéatin
already used. Sintered iron [12], aluminum [12],danin pure water. Iron oxide (E®,), aluminum oxide ¢-Al,O5),
magnesium [13] nanopastes have been already usetifo copper oxide (CuO), and magnesium oxide (MgO)
air fuel cells. We have already developed and ssfaly (Kounjyundo Chemical Co., Ltd., Japan) were respelst
demonstrated a small instrument for producing metakduced to iron, aluminum, copper, and magnesidhw{th
nanoparticles by using a solar-pumped high-repetitate  purity of 99.9%). The weight of all the metal oxédesed in
pulse laser. The instrument can be used to produlegge this preparation procedure was 1.0 g. For an exampl
amount of metal nanoparticles from metal oxides atery reduced aluminum nanoparticles by using this metaos
low cost. shown in Fig. 1. The left side in Fig.1 shows th@ranum
Nanocrystalline metals have already been fabricdtgd metal oxides after laser irradiation. The colortted powder
using a fast-cooling method and a “strong-distortio was changed to gray. According to experimental lt@san
processing method” and their mechanical and etadtri hydrogen generation [12,13,15], it has been cleated
properties have been measured [16,17]. Thesduminum powder after laser irradiation was almestuced
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completely. A similar result was reported in thaeaf iron
powder reduced by laser irradiation [15]. As a eongnce,
the metal nanoparticles have oxide shells. Howetlee,
oxide shells do not affect the laser sintering beeahey are
very thin. This reduction method produces
nanoparticles. Moreover, the bandwith of the X-sggctrum

obtained by XRD analysis of the metal nanoparticles X

indicates that their mean sizes are a few tensanbmeters.
According to XRD analysis, the mean size of theuoed
magnesium nanoparticles is 6 nm [13]. Morevoverhas
been found from the results that metal hydroxidgeiserated
on the surface of the reduced magnesium nanopestaly
in the case of the laser irradiation of the magmasbxide

power. The generated Mg(Oktoes not adversely affect the

preparation of the mangesium nanopastes.

The reduced metal powders were mixed in a silvetepa

(NAG10 Ag 82 wt.%; Daiken Chemical Co. Ltd., Japaiith

a weight of 25 mg. The mixed powder was changeclap

The oxides on the surface of the metal nanopastictere
removed, and the metal nanoparticles were incotpdran
coordinate bond. The incorporated metal nanopastithus
became stable and dispersed. The prepared metat pesre
pasted on slide glasses. The width of the metabpam the

glasses were all 7 mm, the thickness was 50 um,tlad

length was around 20 mm. The size of the slidesglaas

2.3%3.6 cm with thickness of 1.5 mm. In the caséhefiron

nanopaste, reduced iron with a weight of aroundng@Owas

mixed in the silver paste. Some commercially atdda
nanopastes available were sintered to compare tmsand

aluminum pastes.

o~

Fig. 1. Reduced Al nanoparticles; left: after irradiating pulse laser, right:
Al 203 pOWdef

3. Experimental Setup for Laser
Sintering

A continuous-wave (CW) Yb:fiber laser
Electric, Japan) was used for laser sintering. filber laser
has a high electricity-optical conversion efficigrend uses
air cooling. As for the wavelength and output powéthe
laser used for laser sintering, a laser with a \ength in the
violet-to-far-infrared regime and output power diesv watts
was commonly used. In the case of that regime,
nanopaste can absorb almost all the laser lighhwvithe laser
light was irradiated on it. The maximum output fapewer
was 6 W. The diameter of the output laser beam Gvasm
(1/€). A Yb:fiber laser with a wavelength of 1064.1 mvas

(Furukawa
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used because that wavelength is the same as that of
Nd/Cr:-YAG ceramic laser. The Nd/Cr:YAG ceramic is
employed in solar-pumped laser [14]. The experialesgtup
for laser sintering is shown schematically in Eg.

metal

High reflective dielectric mirror
@1064nm

Yh:fiber laser

X-Y direction

Stage

X

Fig. 2. Experimental setup for laser sintering.

When the metal nanopastes were sintered, the leesan
was fixed, and the stage was moved in the X andections.
The metal nanopastes were applied directly to kassglates
on the stage and then sintered in air atmosphere.

The laser parameters were chosen as described. bEfmv
laser beam was scanned over the metal nanopastesiron
the X direction by moving one of the mechanicalgeta
shown in Fig. 2. After the scan, the laser beam mased
scanned in the Y direction by moving the other namitel
stage. The scans in the X and Y directions were thpeated.
The interval between the laser scans in the Y tiineén was
chosen to 1.0 mm. The metal nanopastes were dgintere
direct laser sintering and thermal conduction unttgs
condition. When the interval between laser scans sed to
over 2 mm, the metal nanopastes ware not sintergarmly.
Here, the scan rate of the laser beam was seR&rim/s.
The laser intensity was estimated to be 9 VW/and all the
sintered metal nanopastes showed low resistancen whe
output laser power was over 2.0 W. The laser p@werhich
low resistance can be obtained by laser sinteringes
slightly in accordance with each metal nanopashe metal
nanopastes were heated to over 473 K, at whichptbigal
powders cannot be melted. After the laser sinterihg thin
surfaces of the sintered metal nanopastes werevezmand
metallic lusters appear on the sintered metal paste

To compare the electrical properties, the lasdesd iron,
aluminum, copper, and magnesium pastes, silvercapger
nanopastes (Daiken Chemical Co. Ltd., Japan), whigh
commercial products, were also used for laser simgeThe
structure of the laser-sintered metal nanopastese we
observed by an S-4700 scanning electron micros(8p#)
(Hitachi High Technologies, Japan). An EMAX7000
energy-dispersive X-ray spectrometry (EDX) (Horibapan)

was used for analyzing the distributions of silverixed

metal, oxides, and impurities. The resistanceshefsintered

IMmetghetal nanopastes were evaluated by the four-tetmiathod,

and their volume resistivities were estimated. dmpare the

volume resistivities, we showed the results of $itered

metal pastes sintered by hot plate. The hot plstel keeps a
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constant temperature by means of an electricalaitet, and
the maximum temperature of the hot plate can beosé?3
K. The resistivities were also compared with tha$ethe
normal bulk metals.

4. Results and Discussion

The results of the experimental evaluations ofsiheered
metal pastes are shown as follows. After lasediation, the
metal nanopastes were heated to over 473 K, thiticadd
heating reaction of metal nanopastes when sintesgwrs
actively. When the sintering reaction occurs, meiabte
looks like a melted metal in the dark. The color thé
sintering metal paste changed to orange. It has temight
from the color that the temperature of the metatg@acaches
over 1500 K. The results of the experiment showt o,
aluminum, copper, and magnesium nanopastes werresin
successfully.

4.1. Photo Images of Sintered Metal Paste

The hot-plate sintered metal pastes and the |astered
metal pastes are shown in Fig. 3. A sintered corialesilver
nanopaste sintered by hot plate is shown in Fig). 3(he
silver paste was sintered at 523 K for five minutesopper
nanopaste sintered by hot plate is shown in Fib). 3(he
nanopaste was made by mixing large amount of popper
metal powders (with mean diameter qir) with silver paste.
The prepared copper paste was sintered at 473 Korfer
minute and 523 K for five minutes. As a result, aepred
copper metal plate with very less oxidization whtamed by
the sintering. Only the prepared magnesium passesimtered

the surface of the sintered metal paste.
Commonly, the sintered iron paste is ferromagnétibas
been also found that the sintered aluminum, copaed
magnesium pastes became ferromagnetic. These pestes
therefore attracted to a magnet easily. It has b&sn was
also found that a sintered magnesium paste canuot b
magnesium powder

easily contrary to normal
magnesium plate [13].

or a

(d)

(e) U]

Fig. 3. Each sintered metal pastes: (a) sintered Ag nanopaste; (b) sintered
Cu nanopaste; (c) laser-sintered Cu nanopaste; (d) laser-sintered Fe plate;
(e) laser-sintered Al plate; (f) laser-sintered Cu plate.

4.2. SEM Images and Characteristic X-Ray Spectrum

at 473 K for one minute 573 K for five minutes. The

laser-sintered metal pastes are shown in Figs. @))(e), and
(f). Copper nanopastes (Daiken Chemical Co. Ltdpad)
were sintered by the CW fiber laser (with outputvpp of
2.5W). The laser-sintered paste is shown in Fig). 3(aser
scan rate was 0.6 mm/s. The copper nanopastesahhigh

SEM images and the characteristic X-ray spectrurthef
laser-sintered metal nanopastes with containingr{eeduced
metal nanoparticles highly are shown in Figs. 4ril 6. The
results of analyzing components are shown in thet ne
section. According to the results of EDX [shownskction

resistance, namely, around 8cm. It has been prospected4.3], a characteristic X-ray spectrum [shown in.Figo)],

that the copper nanoparticles were hardly oxidizéte

laser-sintered iron, aluminum, and copper nanopasie
shown in Figs. 3(d), (e), and (f), respectivelyeTdutput laser
power of the CW fiber laser was 2.5 W. The scardpd the
laser beam was 0.25 mm/s. As shown in these figoretllic

lusters appear on the sintered iron, aluminum, eogper
nanopastes. It has been confirmed that the colmirdéred
copper paste in Fig. 3(b) and that of the sintexgaper paste
in Fig. 3(f) are remarkably different. It has baéought that
the mean size of the copper particles in the sdtgraste
shown in Fig. 3(b) is order of few microns. In aast,

because the mean size of the copper polycrystalthén
sintered paste shown in Fig. 3(f) is small (in drder of 10
nm), it has been prospected that the spectrumeofetfiected
white light broadens owing to the activation of fhesmon on

and the results of XRD analysis [12], the largetipis,
which appear ball-like, consist of iron nanopaeic[12,15].
The large iron particles are secondary particlessifown in
Fig. 4(a), the reduced iron nanoparticles (with meae of
12 nm) were gathered and slicked together. The rsizanof
the grown iron particles was aroundi. It is clear that the
large iron particles and silver sintered paste vemgarated.
The characteristic X-ray spectrum of laser-sinteradtal
nanopastes was mainly observed for the secondatgl me
particles in the sintered metal pastes. Becausmtiesity of
the characteristic X-ray spectrum differs accordibhg
material, such as metal, oxygen, or carbon, thentitiess of
such materials cannot be obtained.
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Fig. 5. Results of SEM analysis of laser-sintered Al nanopaste: (a) image and (b) characteristic X-ray spectrum
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Fig. 6. Results of SEM analysisfor laser-sintered Cu: (a) image and (b) characteristic X-ray spectrum
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The aluminum nanopatrticles in the paste are gaihane
stickled together. However, the mean size of theegsed
secondary aluminum particles was @B as shown in Fig.
5(a), which is smaller than that of the laser-sigdecopper
and iron nanopastes. The large aluminum partiatelssilver
sintered paste were separated. It had been foumd fhe
SEM image that nano-order small structures existthom
surface of the secondary aluminum particles. Adogrdo

the characteristic X-ray spectrum shown in Fig. )5(b outer

chromium, iron, and nickel were detected in theoadary
aluminum particles. However, the ratio of all thepurity
was in the order of 0.001% in the metal oxides teefaser
irradiation. This impurity content is not a problémregard
to fabricating pure metals plates. The metal immsiexist
mainly in the secondary aluminum particles.

The copper nanoparticles in the paste are gathaned
stickled together. The mean size of the generatedrslary
copper particles was 1.5-20m as shown in Fig. 6(a),
namely, smaller than that of the secondary irotiglas. The
secondary copper particles and silver sinteredepasire
almost separated. The interval between the secprd@per
particles was very small. According to the chanastie
X-ray spectrum shown in Fig. 6(b), only carbon wagected
in the secondary copper particles.

4.3. EDX Mapping

The results of EDX mapping analysis of the lasatesed

81

Silver particles move to the outer surface of theni
nanopaste when the nanopaste is sintered. Thedsgonon
particles remain at the center of the sintered mamopaste in
the direction of the thickness. After sinteringge thintered
silver paste was removed from the sintered nanepast

Carbon is a component of the silver nanopaste, thad
EDX analysis showed that carbon are scattered ttear
sintered silver nanopaste, and the oxygen washetthio the
surface of the secondary iron particles. The
laser-sintered aluminum and copper nanopaste wl® a
analyzed by EDX mapping. The results of EDX mapping
analysis for aluminum and copper nanopaste weresdhge
as those for Fe paste.

4.4. Evaluation of Volume Resistivity

The resistance and volume resistivity of all thetesied
metal nanopastes were evaluated by the four-tetnmathod.
The results are listed in Table 1. The volume tiedtig of the
laser-sintered metal nanopastes are compared to otha
common metal bulks. The resistivity was calculatey
measuring the voltage and current per centimetdre T
resistance was evaluated at 298 K. In fact, aftserl
irradiation, although the sintered metal nanopalstekslight
distortions on the surface, the distortion was eetgld when
volume resistivity was estimated. The thicknesshef metal
pastes was taken as 50 pum in the calculation.

The volume resistivity of the laser-sintered metahopastes

iron nanopaste are shown in Fig. 7. The map shows wwere also compared to that of the hot-plate sidteretal

obtained before the surface of the laser sintenenh i
nanopaste was scraped. According to this resulEDX

mapping, as shown in Fig. 7(b), the particles, Whare

sphere-like, are secondary iron particles. It hasnbfound
that the secondary iron particles and silver satgraste are
separated, as shown in Figs. 7(b) and (c).

26 Fe Ko 47

Lol

(b)
Fig. 7. Results of EDX mapping: (a) scattering image, (b) Fe, (c) Ag.

©

nanopastes. Spatial metal nanopastes were alshesizgd.
The nanopastes with reduced-metal nanoparticlese wer
prepared by adding silver nanopaste to glycerirethuce the
guantity of the silver nanopaste used.

Table 1. Evaluated resistance and volume resistivity [ 18]

Materials R’(eg)stance V((:I!l;:]n/e{gf)snwty
Ag nanopaste ( Fig.3(a)) 0.020 70
Cu nanopaste ( Fig.3(c)) 80 2x 10°
Bulk Fe (293K) = 10
Fe nanopaste (Ag paste) 0.028 98
Fe nanopaste

(Ag pastg and glycerin) 0.32 1120
Laser sintering ( Fig.3(d) ) 0.027 94.5
Bulk Al (293K) = 2.65
Al nanopaste (Ag paste)  0.002 7

Al nano

(Ag pas?ea Sat:d glycerin) gL L
Laser sintering ( Fig.3(e) ) 0.032 7
Bulk Cu (293K) = 1.68
Cu nanopaste (Ag paste) 0.002 7

Cu nano

(Ag pastgzsr:(j glycerin) 0.016 56
Laser sintering ( Fig.3(f)) 0.022 77
Bulk Mg (293K) = 4.42
Mg nanopaste (Ag paste) 0.017 51
Laser sintering 0.048 144
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All measured resistances per centimeter
nanopaste before sintering were very high (i.eey &0 M?2).
All measured resistances of the sintered metal pestes are

of metalrcuits due to their high resistance.

The way to improve the sintering method is sumneatias
follows.

reduced to 0.8. This result shows that all the sintered metal 1)Uniform sintering and lower resistance

pastes are metalized. The resistance of the alumiand
copper nanopastes sintered by hot plate were simgkr and
lower than that of commercial silver nanopasteislthus
concluded that the resistance is not determinedthzy
sintered silver nanopastes but by the sintered aluminum,
copper, or magnesium nanopastes.

In this experiment, the metal nanopaste was tlaok, its
outer surface contacts air; consequently, the temtpe of
the metal nanopastes should degrade slightly dwiimering,
thereby increasing of the resistance of the nariepas

The resistance of the sintered metal nanopastbgler

In the instrument used for laser sintering, a laseam
with a long and narrow square profile should beduse
sinter a metal nanopaste with a large area.

2)Preparing more pure metals

Silver nanopatrticles in the prepared metal nanegasan
be melted and deposited by using some heatinguimsints,
and iron, aluminum, copper, and magnesium metaegpla
containing less silver can be obtained. Moreoveating the
metal plates for annealing will lower their resrstas close to
those of the respective common metal bulks.

than that of common bulk metals owing to the boupda 5 Conclusions

between the secondary metal particles. The highteexe is
thought not to be due to the impurities. The metalopastes
sintered by hot plate have 2.5- to 11-times-higlesistivity
than those of common metals fabricated in blasbéces.
However, the laser-sintered metal nanopastes haet®
45-times-higher resistivity than those of such canmetals.
In the case of the laser-sintered iron nanopatsteesistance
is almost the same as that of the iron nanopastersd by
hot plate. It is clear from the result that theninmanopaste
was sintered uniformly because its thermal conditgtiis
one order lower than that of aluminum, copper, ainger

Nanopastes with reduced iron, aluminum, copper, and

magnesium nanoparticles were prepared. Commordgeth
metals are easy to oxidize, and it has been harsinter
metal nanopastes with their nanoparticles by using
conventional methods. The nanopastes were sintbyed
using a CW fiber laser in air. The structures of th
nano-polycrystalline pastes were analyzed by EDX an
SEM. A large amountof secondary metal particlestiwi
diameter of 0.5-2 um) was observed in the lasdesid
metal pastes. Normally, the conventional color @pper is

and because the iron nanopaste was heated at arhigpale red, but that of the laser-sintered coppeppaste was

temperature. However, the sintered aluminum, magnes
and copper nanopastes made by adding silver nat@fas
glycerin have single-order higher resistances ttieat of
the nanopastes made by adding silver nanopastdtced
metal nanoparticles. It is thought that carbon cffethe
resistance or the sintered metal nanopastes agétlgli
oxidized.

In the case of the laser-sintered aluminum, copaed
magnesium nanopastes, their resistances are oaelogther

close to that of normal metals. The metal nanopaste
sintered by hot plate have 2.5 to 11 times highsistivities
than those of common metals fabricated in blastdoes.
Moreover, the laser-sintered metal nanopastes Baveo
45 times higher resistivities than those of commoetals
fabricated in blast furnaces. The resistivities thfe
laser-sintered metal pastes are adequately lowtfibzation
of the nanopastes in electrical circuits. The sintemethod
as shown in this paper using a laser irradiatiostesy

than those of the aluminum, magnesium, and coppsehould be modified in the future to obtain lowesistivity

nanopastes sintered by hot plate. In the case ndérsig
aluminum, magnesium, and copper nanopastes, itbbas
recognized that the nanopastes ware sintered niéoruty
because their thermal conductivities are around fimes
higher than that of iron, and the aluminum, copmard

and fabricate large-scale metal plate or bulk.
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