DESCRI PTI ON
Title of Invention:
AGGREGATE OF FLAKED SI LVER PARTI CLES AND PASTE CONTAI NI NG
AGGREGATE OF SI LVER PARTI CLES
Technical Field
[ 0001]

The present invention relates to an aggregate of fl aked
silver particles having high light reflectance (hereafter,
the aggregate of silver particles is also referred to as a
"silver powder"”). The silver powder is unifornmy dispersed
in aresinto forma paste having high reflectance and hi gh
gl ossi ness and al so having high conductivity. Furthernore,
the paste does not readily segregate because of its smal
silver sedinentation ratio, which nakes the viscosity of the
paste uni form and achi eves hi gh working efficiency of the
past e.

Background Art
[ 0002]

At present, light-emtting diodes (hereafter referred to
as "LEDs") are used for many applications such as liquid
crystal displays, traffic signals, lighting, and display
devices. Since LEDs are energy saving and | ow cost and thus
environnentally friendly, LEDs have prom se for expansion
into other fields, for exanple, autonobile headl anps.

[ 0003]



Normal ly, for exanple, liquid crystal displays include
LED chi ps fixed using an adhesive having conductivity and a
reflecting filmfor efficiently emtting light fromthe LED
chips to the outside. To nore efficiently emt |ight, such
an adhesive for fixing chips desirably has high refl ectance.
[ 0004]

The refl ectance of the adhesive is highly affected by
the characteristics of a powder dispersed as a conductive
filler in the adhesive.

In general, a silver powder is used as a conductive
filler for adhesives for fixing LED chips. Therefore, the
refl ectance of an adhesive increases as the reflectance of a
silver powder dispersed increases.

[ 0005]

The refl ectance of the silver powder is higher in an
aggregate of flaked silver particles than in an aggregate of
spherical particles. The reflectance is also higher in an
aggregate of silver particles having a large particle size
than in an aggregate of silver particles having a smal
particle size.

[ 0006]

However, when a flaked silver powder having a | arge
particle size is dispersed in a resin serving as a raw
material for adhesives to increase the reflectance, the

silver powder readily settles, which easily causes



segregati on.

The segregation reduces the flowability of a portion
having a high silver concentration, which makes the
viscosity of the paste nonuniform Wen the paste is
applied using a nozzle, the anount of the paste ejected
varies and the nozzle is easily clogged, which deteriorates
the working efficiency.

Furthernore, small-dianmeter nozzles used for fine
coati ng cannot be used because of clogging.

[ 0007]

A fl aked silver powder constituted by fine particles
having a small particle size does not readily segregate.
However, a desired reflectance is not achi eved because such
a flaked silver powder originally has |ow refl ectance and
irregular reflection of light further decreases the
refl ectance.

[ 0008]

Thus, there has been denmanded the devel opnent of a
silver powder that can provide an adhesive which has
sufficient reflectance and conductivity, can be suitably
used for fixing LED chips, does not readily segregate, and
can be used with high working efficiency.

Citation List
Patent Literature

[ 0009]



PTL 1: Japanese Unexam ned Patent Application
Publ i cati on No. 2005-15647
Summary of | nvention
Techni cal Probl em
[0010]

PTL 1 discloses a paint containing plate-shaped netal
fine particles having a thickness of 50 nmor |ess and a
maj or axis of 5 umor |ess.

[0011]

However, the netal powder contained in the paint
disclosed in PTL 1 is constituted by very thin plate-shaped
netal fine particles. Therefore, such netal fine particles
originally have |ow reflectance and irregular reflection
further decreases the reflectance. To achieve high
reflectance, a nmetal thin filmneeds to be forned by fusing
the netal fine particles through heating.

[ 0012]

The present inventors have set up their technical object
as sol ving the above probl ens and have nmade many prototypes
and conducted many experinents by trial and error.
Consequently, the present inventors have found the foll ow ng
notable finding. In the case where an aggregate of fl aked
silver particles having a BET specific surface area of 0.5
to less than 1.5 nf/g and having, according to |aser

diffractonetry, a 50% particle size of 1 to 4 umand a 75%



particle sizel25% particle size ratio of 1.8 or less is used,
even if the 50% particle size is small, the content of fine
particles is low and thus irregular reflection is suppressed,
whi ch increases the reflectance. Therefore, when such an
aggregate of flaked silver particles is contained in a resin,
a paste having high reflectance and hi gh conductivity is
provi ded. Furthernore, since the silver powder does not
readily settle and thus segregati on does not easily occur,
an adhesive with high working efficiency is provided.
Accordi ngly, the technical object has been achi eved.
Sol ution to Probl em
[ 0013]

The techni cal object can be achi eved by the present
I nvention as foll ows.
[ 0014]

The present invention provides an aggregate of flaked
silver particles, the aggregate having a BET specific
surface area of 0.5 to less than 1.5 nf/g and havi ng,
according to laser diffractonetry, a 50% particle size of 1
to 4 umand a 75% particle size/25%particle size ratio of
1.8 or less.
[ 0015]

The present invention also provides the aggregate of
fl aked silver particles according to Caim1l, wherein a

refl ectance of |ight having a wavel ength of 400 to 800 nmis



40% or nore
[ 0016]

The present invention also provides a paste containing
the aggregate of flaked silver particles according to Claim
1 or 2.

[0017]

The present invention also provides the paste according
to Caim3, wherein the paste contains the aggregate of
flaked silver particles in an anmount of 50 to 90 W %

[ 0018]

The present invention also provides the paste according
to daim3 or 4, wherein the paste has a resistivity of 104
Qcm or | ess.

[0019]

The present invention also provides the paste according
to any one of Clains 3 to 5, wherein the paste has a silver
sedi nentation ratio of 0.5%or |ess.

[ 0020]

The present invention also provides the paste according
to any one of Clainms 3 to 6, wherein the paste is an
adhesive for fixing a light-emtting diode (LED) chip.

[ 0021]

The present invention also provides a nethod for

produci ng the aggregate of flaked silver particles according

to daim1l or 2.



[ 0022]

The present invention also provides a nethod for
produci ng the paste according to any one of Clains 3 to 7.
Advant ageous Effects of Invention
[ 0023]

The silver powder according to the present invention has
a small 50% particle size neasured by |aser diffraction, but
has a narrow particle size distribution and thus the
percentage of fine particles is low. Therefore, irregular
reflection of light due to fine particles is suppressed, and
a silver powder having high reflectance is provided.

In particular, a silver powder having a refl ectance of
40% or nore for Iight having a wavel ength of 400 to 800 nm
IS provided.

[ 0024]

The paste prepared by dispersing the silver powder
according to the present invention in a resin has high
refl ectance and hi gh gl ossi ness because the silver powder is
uniformy dispersed in a resin.

Furthernore, the silver powder does not readily settle
and thus segregation does not easily occur. Therefore, the
viscosity of the paste is uniformand ejection failure does
not readily occur, which provides a paste having high
wor ki ng efficiency.

[ 0025]



Since the silver powder according to the present
invention is an aggregate of flaked silver particles, the
silver particles are in contact with each other in a |arge
area in the paste prepared by dispersing the silver powder
in aresin. This provides a paste having high conductivity.

The paste containing the silver powder according to the
present invention can have a resistivity of 1 x 10% Qcm or
| ess.

[ 0026]

The paste according to the present invention has high
refl ectance and hi gh gl ossi ness and al so has high
conductivity. Therefore, the paste can be suitably used as
an adhesive for fixing LED chi ps.

[0027]

The paste according to the present invention has uniform
viscosity and the percentage of silver particles having a
| arge particle size is low. Therefore, a nozzle is not
easily clogged with the paste and ejection failure does not
readily occur. This provides a paste having high working
efficiency.

The paste according to the present invention can al so be
used for small-di aneter nozzles for fine coating.

Brief Description of Draw ngs
[ 0028]

[Fig. 1] Fig. 1 is a graph illustrating the conparison



of the reflectances of silver powders in Exanples and
Conparative Exanples in the present invention.

[Fig. 2] Fig. 2 is a graph illustrating the conparison
of the reflectances of pastes containing silver powders in
Exanpl es and Conparative Exanples in the present invention.

[Fig. 3] Fig. 3 is a mcrograph of a scanning el ectron
m croscope (SEM JSM 6010LA manufactured by JEOL Ltd.)
illustrating a silver powder nagnified by 5000 tines in the
present invention.

Description of Enbodi nments
[ 0029]

A silver powder according to the present invention has a
BET specific surface area of 0.5 to less than 1.5 nf/g. The
BET specific surface area is nore preferably 0.8 to 1.2 nf/g.
If the specific surface area is less than 0.5 nf/g, the
nunber of particles with a large particle size unfavorably
i ncreases, which increases the sedinentation ratio and thus
facilitates the segregation. |If the specific surface area
is 1.5 nf/g or nore, the nunber of fine particles
unfavorably increases, which decreases the refl ectance.

[ 0030]

The silver particles according to the present invention
preferably have a thickness of 180 to 220 nm and an aspect
rati o (maj or axis/thickness) of 7 to 13.

[ 0031]



Herein, when the silver particles having a specific
surface area of 0.5 to less than 1.5 nf/g are cal cul ated as
a di sc-shaped uniformparticle nodel, the silver particles
have a thickness of 140 to | ess than 620 nm
[ 0032]

The silver powder according to the present invention has,
according to laser diffractonetry, a 50% particle size of 1
to 4 ymand a 75% particle sizel/25% particle size ratio of
1.8 or |ess.

[ 0033]

If the 50% particle size is less than 1 um the nunber
of fine particles unfavorably increases and thus the
refl ectance decreases. If the 50% particle size is nore
than 4 ym the wei ght per particle unfavorably increases. 1In
the formof paste, the sedinentation ratio increases and
thus the segregation is facilitated, which nakes the
viscosity nonuni form Consequently, a nozzle is easily
cl ogged with the paste, which causes ejection failure.

[ 0034]

If the 75% particle size/25% particle size ratio is nore
than 1.8, the percentage of fine particles and the
percentage of silver particles with a large particle size
unfavorably increase.

[ 0035]

The silver powder according to the present invention can



be produced by a nethod described in Japanese Unexam ned

Pat ent Application Publication No. 2003-55701. Specifically,
a particulate silver powder having an average particle size
of 0.5 to 3 uymis inserted into a ball mll equipped with an
inpeller. By rotating the inpeller, a flaked silver powder
can be produced.

[ 0036]

The centrifuge force exerted on the contents in a
contai ner of the mxer ball mll is not particularly Iimted.
The inpeller may be rotated so that a centrifuge force of 5
to 300 Gis exerted on the contents in the container.

[ 0037]

Furthernore, well-known netal balls may be charged into
the mxer ball mll.

[ 0038]

The particulate silver powder serving as a raw materi al
is not particularly limted. A particulate silver powder
prepared by a well-known nethod such as an atom zi ng net hod,
an electrolysis nethod, or a chem cal reduction nmethod can
be used.

[ 0039]

Various solvents and treating agents may be added to the
m xer ball mIlIl for the purpose of controlling, for exanple,
the particle size.

[ 0040]



Non-limting exanples of the solvents added include

wat er, mnet hanol, ethanol, propanol, butanol, pentanol,

di mret hyl ketone, diethyl ketone, diethyl ether, dinethyl

et her, di phenyl ether, toluene, and xylene. These solvents
may be used al one or in conbination.

[ 0041]

Non-limting exanples of the treating agents added
i ncl ude nonionic surfactants such as pol yoxyet hyl ene al kyl
et hers, pol yoxyet hyl ene al kyl phenyl ethers, pol yoxyethyl ene
fatty acid esters, polyoxyethylene sorbitan fatty acid
esters, and sorbitan fatty acid esters.

These surfactants nmay be used al one or in conbination of
two or nore.

[ 0042]

O her exanples of the treating agents include fatty
acids such as oleic acid, stearic acid, and nyristic acid.
These fatty acids may be used alone or in conbination of two
or nore.

[ 0043]

Wien the treating agents are used, the treating agents
are preferably added to the mxer ball mll in an anount of
0.001 to 0.05 g in total per 1 nf of the surface area of a
fl aked silver powder to be obtai ned.

[ 0044]

A resin in which the silver powder according to the



present invention is dispersed is not particularly limted
as long as the resin does not prevent em ssion of reflected
light fromthe silver powder. The resin is suitably a
transparent resin.

Exanpl es of the resin to which the silver powder
according to the present invention is added include silicon
resin, epoxy resin, acrylic resin, polyester resin, and
mel am ne resin.

[ 0045]

The content of the silver powder in the paste according
to the present invention is not particularly limted, but is
preferably 50 to 90 wt % and nore preferably 70 to 85 wt %

A silver powder content of 50 wt%or |ess is not
preferred because sufficient reflectance and conductivity
cannot be achieved. A silver powder content of 90% or nore
Is al so not preferred because increases in reflectance and
conductivity are not expected and nozzles are easily clogged.
EXAMPLES
[ 0046]

Exanpl es of the present invention will be described
bel ow, but the present invention is not limted thereto.
[0047]
<Exanmpl e 1>

An appropriate anmount of zirconia beads having a

di ameter of 0.05 mmwere charged into a wet-type nedi a



gri ndi ng machi ne including a cylindrical container having a
di aneter of 107 nm and a height of 320 mm Then, the

peri pheral speed of a mxing rotor was set to 7 nfs, and a
slurry solution prepared by m xing 700 g of a spherica
silver powder having an average particle size of 1.5 yum and
6 L of ethanol was circulated for 1.5 hours.

Subsequently, the contents in the cylindrical container
were filtered and et hanol was renpoved fromthe resulting
filtrate. The resulting product was dried to obtain a
fl aked silver powder.

[ 0048]
<Exanpl e 2>

A fl aked silver powder was obtained in the same nanner
as in Exanple 1, except that a spherical silver powder
havi ng an average particle size of 2.5 pymwas used.

Fig. 3 is a mcrograph of a scanning electron m croscope
(SEM illustrating the flaked silver powder in Exanple 2
magni fi ed by 5000 ti nes.

[ 0049]
<Conparative Exanples 1 to 7>

Into a ball mlIl including a cylindrical container
having a dianeter of 150 nmm and a height of 190 nm 700 g of
a particulate silver powder prepared by a chem cal reduction
nmet hod and havi ng an average particle size of 0.1 to 3 um 1

L of ethanol, and an appropriate amount of well-known net al



balls having a dianeter of 1 to 2 nmmwere charged. The bal
mll was operated at a container rotation speed of 40 to 80
rpomfor 5 to 20 hours and then the rotation was stopped.
Subsequently, the contents in the cylindrical container were
filtered and ethanol was renoved fromthe resulting filtrate.
The resulting product was dried to obtain a flaked silver
powder in each of Conparative Exanples 1 to 7.

[ 0050]

<Conpar ati ve Exanple 8>

A spherical silver powder prepared by an atom zi ng
met hod and having an average particle size of 1.5 pm was
used for neasurenent w thout perform ng fl aking.

[ 0051]

Each of the silver powders in Exanples and Conparative
Exanpl es was eval uated by the foll ow ng net hods.

[ 0052]
(BET specific surface area)

The BET specific surface area of each silver powder was
nmeasured with a flowtype specific surface area automatic
anal yzer FlowSorb Il 2100 (nmanufactured by SH MADZU
CORPORATI ON) .

[ 0053]
(Particle size)
The 25% particle size, 50%particle size, and 75%

particle size of each silver powder was neasured with a



| aser diffraction particle size analyzer SALD 3100
(manuf actured by SH MADZU CORPORATI ON) .

[ 0054]

(Refl ectance: silver powder)

The refl ectance of each silver powder was neasured with
a spectrophotonetric color difference neter SE6000
(manuf actured by N PPON DENSHOKU | NDUSTRI ES CO., LTD.) at a
nmeasur enent wavel engt h of 550 nm

The refl ectances of each silver powder at 380 to 780 nm
were al so neasured with a spectrophotonetric col or
di fference nmeter SE6000 (Fig. 1).

[ 0055]
(Conductivity)

A paste prepared by m xing 87 wt% of the silver powder
into an epoxy resin was applied onto a glass substrate and
then treated at 200°C for 30 mnutes to obtain a coating
film The resistivity (p) was cal culated fromthe resistance
(R) and cross-sectional area (S) of the coating film
p = RS/ L
(R resistance (Q), S: cross-sectional area (cnf), L
di stance between el ectrodes (cm
[ 0056]

(Silver sedinentation ratio)
A 10 cc syringe was filled with the sane paste as that

used for evaluating the conductivity and left in an upright



position at 25°C for 3 days. The difference in silver
content between 1 cc of the uppernost portion and 1 cc of
the | owernost portion was neasured. The silver content was
cal culated froman ignition | oss obtained by treating the
paste at 800°C for 60 m nutes.

[ 0057]

(Ref | ect ance: paste)

A paste prepared by m xing 87 wt% of the silver powder
in each of Exanple 1 and Conparative Exanples 1, 7, and 8
into an epoxy resin was applied onto paper using a bar
coater and then treated at 200°C for 30 mnutes to obtain a
coating film The reflectance of the coating filmat a
measur enent wavel ength of 550 nm was neasured with a
spectrophotonetric color difference nmeter SE6000
(manuf actured by N PPON DENSHOKU | NDUSTRI ES CO., LTD.).

The refl ectances of the paste containing the silver
powder at 380 to 780 nmwere al so neasured with a
spectrophotonetric color difference neter SE6000 (Fig. 2).
[ 0058]

(4 ossi ness)

A paste prepared by m xing 87 wt% of the silver powder
in each of Exanple 1 and Conparative Exanples 1, 7, and 8
into an epoxy resin was applied onto paper using a bar
coater and then treated at 200°C for 30 mnutes to obtain a

coating film The gl ossiness of the coating filmat a



reflection angle of 60° was neasured with a gloss neter Gv
268 Pl us (manufactured by KONl CA M NOLTA, INC.).
[ 0059]

Table 1 shows the eval uation val ues in Exanpl es and
Conpar ati ve Exanpl es.
[ 0060]
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[ 0061]

Fig. 1 illustrates the reflectances of each silver
powder at 380 to 780 nm

Fig. 2 illustrates the reflectances of the paste
containing the silver powder in each of Exanple 1 and
Conparative Exanples 1, 7, and 8 at 380 to 780 nm
[ 0062]

It was confirned fromTable 1 and Fig. 1 that the silver
powder according to the present invention was a silver
powder having a small 50% particle size by laser diffraction
of 1 to 4 um but having high refl ectance.

[ 0063]

It was confirned from T Table 1 and Fig. 2 that the paste
contai ning the silver powder according to the present
i nvention was a paste having high refl ectance, high
gl ossiness, a small silver sedinentation ratio, and high
conductivity.

It was also confirned that the gl ossiness of the paste
according to the present invention was higher than that of
the pastes in Conparative Exanples to a degree that the
gl ossi ness coul d be distingui shed through visual inspection.
I ndustrial Applicability
[ 0064]

The silver powder according to the present invention has

a small 50% particle size nmeasured by |aser diffraction, but



has a narrow particle size distribution and thus has high
refl ectance. The paste containing the silver powder
according to the present invention has |owirregular
reflection and thus has high reflectance and hi gh gl ossi ness,
and al so has high conductivity. Furthernore, the paste has
uni form vi scosity because the segregation is suppressed, and
t hus has high working efficiency. Therefore, the paste can
be suitably used as an adhesive for LED chi ps.

Accordingly, the present invention is highly

i ndustrially applicable.



CLAI M5
[Claim1l]

An aggregate of flaked silver particles, the aggregate
having a BET specific surface area of 0.5 to less than 1.5
nf/ g and having, according to |aser diffractonetry, a 50%
particle size of 1 to 4 umand a 75% particle sizel25%
particle size ratio of 1.8 or |ess.

[Caim?2]

The aggregate of flaked silver particles according to
Claim1, wherein a reflectance of |ight having a wavel ength
of 400 to 800 nmis 40% or nore.

[Caim 3]

A paste conprising the aggregate of flaked silver
particles according to Caim1l or 2.

[ C ai m 4]

The paste according to Claim3, wherein the paste
contai ns the aggregate of flaked silver particles in an
amount of 50 to 90 wt %

[C ai m5]

The paste according to Claim3 or 4, wherein the paste
has a resistivity of 10 Qcmor |ess.
[ C aim 6]

The paste according to any one of Clains 3 to 5, wherein
the paste has a silver sedinentation ratio of 0.5% or |ess.

[Caim7]



The paste according to any one of Clains 3 to 6, wherein
the paste is an adhesive for fixing a light-emtting diode
(LED) chip.

[ Cl ai m 8]

A nmethod for producing the aggregate of flaked silver

particles according to Caim1l or 2.
[Caim9]
A net hod for producing the paste according to any one of

Clains 3 to 7.



