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(57) ABSTRACT

A filler material for an organic electroluminescent element,
formed of a resin composition being liquid at 25° C., and
containing a organometallic compound and a hydrocarbon
polymer having a number average molecular weight of 300
or more and less than 20,000, and an iodine value less than
40 g/100 g, and having no polar group, wherein a contact
angle to silicon nitride is 10 to 40 degrees, and an amount
of outgassing other than moisture upon being heated at 85°
C. for 1 hour is 500 ppm or less in terms of a toluene
equivalent, and a method of sealing an organic electrolumi-
nescent element using the same.
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FILLER MATERIAL FOR ORGANIC
ELECTROLUMINESCENT ELEMENT AND
METHOD OF SEALING ORGANIC
ELECTROLUMINISCENT ELEMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT/JP2014/
083546 filed on Dec. 18, 2014 which claims benefit of
Japanese Patent Application No. 2013-271024 filed on Dec.
27, 2013, the subject matters of which are incorporated
herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a liquid filler
material that protects an organic electroluminescent element
(also called OLED or OLED element) such as an organic
light-emitting diode from moisture, is excellent in working
efficiency during application, has a limited amount of out-
gassing component, and can be used without adversely
affecting visibility of a display, and a method of sealing an
OLED using the same.

BACKGROUND ART

[0003] In recent years, development of an organic elec-
troluminescent element to a display, illumination or the like
has been progressing.

[0004] While an OLED is attractive in an excellent chro-
mogenic property and an excellent energy-saving property,
specific examples of a most significant challenge include
poorness of durability. In particular, occurrence of a non-
light-emitting portion called a dark-spot caused by moisture
has posed a problem.

[0005] Consequently, as a method for allowing no inva-
sion of moisture into an OLED, for example, Patent Litera-
ture 1 proposes a method in which an OLED is sealed inside
a hollow airtight vessel to fill a space inside this airtight
vessel with an inert gas atmosphere.

[0006] Moreover, for example, Patent Literatures 2 and 3
also propose a method in which a protective layer or the like
composed of an inorganic substance having low moisture
permeability typified by silicon nitride is provided on an
OLED layer or a light-emitting part of an OLED.

[0007] However, according to a method of filling an inert
gas inside the airtight vessel, a heat dissipation property is
insufficient, and therefore such a method will adversely
affect a life of an OLED, on the contrary. Therefore, the
method has had a problem of incapability of sufficiently
extending the life.

[0008] Moreover, formation of a film of the protective
layer composed of the inorganic substance without a micro-
scopic defect is significantly difficult by a current technol-
ogy, and a problem of occurring the dark-spot under a high
temperature and high humidity environment has still
remained. In order to solve the above problem, it also may
make attempt to form a protective layer having multilayer
structure, for example by frequently repeating a method of
forming a defect flattening layer on the protective layer
composed of the inorganic substance, and then further
stacking another protective layer composed of the inorganic
substance thereon. However, application of such a method to
a display and illumination for a general household has had
a major challenge in view of labor and cost.
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[0009] Patent Literatures 4 and 5 propose an art in which
moisture-proof oil such as silicone oil or a curable resin is
used as a filler in place of the inert gas.

[0010] However, the method in which the moisture-proof
oil or the curable resin is filled therein has had a problem of
generating gas bubbles inside the airtight vessel by outgas-
sing caused by volatilization of a low molecular weight
organic component, a solvent or the like contained in the
moisture-proof oil or the curable resin to adversely affect
aesthetic appearance (also referred to as visibility) of a
display. Moreover, outgassing is permeated into organic
molecules that form the OLED layer to cause a problem of
an increase of a risk of occurring the dark-spot.

[0011] Furthermore, even if the moisture-proof oil or the
curable resin is used in combination with the protective
layer, an influence of moisture is unable to be completely
eliminated, and the dark-spot is still occurred particularly
under the high temperature and high humidity environment
over a long period of time.

[0012] Therefore, for example, Patent Literatures 6 and 7
also propose a method in which hygroscopic metal oxide
such as calcium oxide and magnesium oxide is added to a
curable resin or the like to provide a filler with drying
capability.

[0013] However, when the curable resin or the like is used
as the filler, an OLED element is easily broken by cure
shrinkage of the curable resin or the like, and a breakage risk
during cure has posed a problem.

[0014] In the meantime, if the filler provided with the
drying capability is transparent and colorless, such a filler
can also be applied to a so-called “top emission type” OLED
element in which light generated in the OLED element is
emitted from a side of a sealing substrate (counter substrate),
and not from side of a TFT substrate. In the top emission
type OLED element, no emitted light is shielded by TFT.
Therefore, in comparison with a so-called “bottom emission
type” one, light-emitting efficiency is higher, and if “top
emission type” one is applied to an image display apparatus,
for example, “top emission type” one is advantageous in
view of obtaining an image having higher luminance.
[0015] As such a filler that is transparent and colorless and
has drying capability, for example, Patent Literatures 8 to 11
propose an organometallic compound such as aluminum
oxide alkoxide and a mixture thereof with a resin.

CITATION LIST

Patent Literatures

[0016] Patent Literature 1: JP-A-2002-33187 (“JP-A”
means unexamined published Japanese patent application)

[0017] Patent Literature 2: JP-A-2005-11648
[0018] Patent Literature 3: JP-A-2011-159629
[0019] Patent Literature 4: JU-A-S58-147191 (“JU-A”

means unexamined published Japanese utility model regis-
tration application)

[0020] Patent Literature 5: JP-A-2013-048115

[0021] Patent Literature 6: International Publication No.
WO 2011/62167 pamphlet

[0022] Patent Literature 7: JP-B-5144041 (“JP-B” means
examined Japanese patent publication)

[0023] Patent Literature 8: JP-A-2012-38659
[0024] Patent Literature 9: JP-B-4628210
[0025] Patent Literature 10: JP-A-2012-38660
[0026] Patent Literature 11: 2013-502312
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SUMMARY OF INVENTION

Technical Problem

[0027] All of organometallic compounds or the like
described in Patent Literatures 8 to 11 are used in the form
of a liquid filler during being filled. However, the filler
insufficiently spreads on a surface of a protective layer
composed of an inorganic substance, or part of low molecu-
lar weight organic component contained in the filler is
outgassed. Thus, a gas bubble-like defect is partially caused
in several cases. Such a defect adversely affects aesthetic
appearance of an OLED, and has served as one of factors of
decreasing a yield of producing a device using an OLED, for
example an image display apparatus such as a flat panel.
[0028] The present invention is contemplated for solving
the above-described problem, and providing a filler material
that protects an OLED element from moisture, has no
breakage risk of the OLED element by cure shrinkage, and
can be applied and filled without any defect onto a surface
of an insulating protective layer, and a method of sealing an
OLED using the same.

Solution to Problem

[0029] In the course of studying various kinds of resins
serving as a base for a filler material having drying capa-
bility, the present inventors found that a specific hydrocar-
bon polymer is used, and a contact angle and an amount of
outgassing are set up in a specific range to facilitate appli-
cation and filling of the filler material, to keep initial drying
capability even in a liquid state, and to eliminate necessity
of cure after being filled and to allow avoidance of a
breakage risk. The present invention has been completed
based on this finding.

[0030] The above-described problems can be solved by
the following means.

(1) A filler material for an organic electroluminescent ele-
ment, formed of a resin composition being liquid at 25° C.,
and containing a organometallic compound and a hydrocar-
bon polymer having a number average molecular weight of
300 or more and less than 20,000, and an iodine value less
than 40 g/100 g, and having no polar group, wherein a
contact angle to silicon nitride is 10 to 40 degrees, and an
amount of outgassing other than moisture upon being heated
at 85° C. for 1 hour is 500 ppm or less in terms of a toluene
equivalent.

(2) The filler material for the organic electroluminescent
element described in the above item (1), wherein at least one
kind of the hydrocarbon polymer is hydrogenated polyisobu-
tylene.

(3) The filler material for the organic electroluminescent
element described in the above item (1) or (2), wherein at
least one kind of the hydrocarbon polymer is a polymer of
cyclic unsaturated hydrocarbon or a hydrogenated product
thereof, having a number average molecular weight of 300
or more and less than 1,000.

(4) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (3),
wherein the filler material is a non-Newtonian fluid at 25° C.
and at a shear rate in a region of 0.1 to 1000S™".

(5) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (4),
wherein total luminous transmittance in a wavelength region
of 350 to 800 nm is 90% or more at a path length of 25 um.
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(6) The filler material for the organic electroluminescent
element described in the above item (5). wherein total
luminous transmittance in a wavelength region of 350 to 800
nm after storage at 60° C. for 100 hours under an environ-
ment of 90% RH is 80% or more at a path length of 25 pm.
(7) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (6),
wherein a central metal element of the organometallic com-
pound is a metal element belonging to any one of group 2 to
group 4 and group 11 to group 14 in the long periodic table
of elements.

(8) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (7),
wherein the resin composition contains inorganic particles
having a mean particle diameter of 10 to 60 nm in 1 mass %
or more and 20 mass % or less.

(9) The filler material for the organic electroluminescent
element described in the above item (8), wherein a fractal
dimension of a contour line of a projected image per one
particle of the inorganic particles is larger than 1.

(10) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (9),
wherein the resin composition contains alkyl ester of a
hydrogenated product of organic acid derived from a pine
resin fraction.

(11) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (10),
wherein a polymer component in the resin composition
consists of a hydrocarbon polymer having a number average
molecular weight of 300 or more and less than 20,000, and
an iodine value less than 40 g/100 g, and having no polar
group.

(12) The filler material for the organic electroluminescent
element described in any one of the above items (1) to (11),
wherein the hydrocarbon polymer is at least one selected
from the group consisting of polyethylene, polypropylene,
polyisoprene, polybutadiene, polybutene-1, polyisobuty-
lene, an ethylene-propylene copolymer, hydrogenated poly-
isoprene, hydrogenated polybutadiene, hydrogenated poly-
butene-1, hydrogenated  polyisobutylene, terminal-
hydrogenated polyisobutylene, a cycloolefin homopolymer,
a cycloolefin copolymier, a terpene resin, a hydrogenated
cycloolefin homopolymer, a hydrogenated cycloolefin copo-
lymer, a hydrogenated terpene resin, and a hydrogenated
product of a copolymerized petroleum resin between a
dicyclopentadiene component containing as a main material
a C5 fraction, and an aromatic component being a C9
fraction.

(13) A method of sealing an organic electroluminescent
element, including at least a step of filling the filler material
for the organic electroluminescent element described in any
one of the above items (1) to (12) into an airtight vessel in
which a light-emitting part covered with an insulating pro-
tective layer is sealed.

(14) The method of sealing the organic electroluminescent
element described in the above item (13), wherein the
insulating protective layer is formed of monolayer structure
or multilayer structure including at least one layer of an
inorganic thin layer formed of a compound containing at
least a silicon atom and a nitrogen atom.

[0031] In the present invention, a numerical value range
indicated using “to” means a range including the numerical
values described before and after “to” as the lower limit and
the upper limit.
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ADVANTAGEOUS EFFECTS OF INVENTION

[0032] The present invention can provide a filler material
that protects an OLED element from moisture, has no
breakage risk of the OLED element by cure shrinkage, and
can be applied and filled without any defect onto a surface
formed of an inorganic substance of an insulating protective
layer for covering a light-emitting part or the like, and a
method of sealing an OLED using the same.

[0033] Other and further features and advantages of the
invention will appear more fully from the following descrip-
tion, appropriately referring to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] {FIG.1}

[0035] FIG.1is a cross-sectional schematic view showing
an OLED element using a filler material for an organic
electroluminescent element of the present invention.
[0036] {FIG.2}

[0037] FIG. 2is a top view showing an application aspect
of a filler material in Examples and Comparative Examples.

MODE FOR CARRYING OUT THE INVENTION

[0038] The preferable embodiment of the present inven-
tion is described in detail below.

[0039] In addition, the present invention is not limited by
this embodiment, and all of other enable embodiments,
examples, operation technologies and so forth that are made
by those skilled in the art or the like based on this embodi-
ment are contained in the category of the present invention.
[0040] Moreover, in the present invention, a petroleum
resin means a resin produced by partially polymerizing
by-product oil from naphtha cracking performed in a pet-
rochemical industry.

<<Filler Material for an Organic Electroluminescent
Element>>

[0041] A filler material for an organic electroluminescent
element of the present invention (also referred to as a filler
material of the present invention) is formed of a resin
composition being liquid at 25° C. (hereinafter, 25° C. is also
referred to as room temperature), and containing as essential
components a hydrocarbon polymer and an organometallic
compound described later.

[0042] Here, “liquid” means that the resin composition is
in the liquid state as a whole, and also includes a case where
the composition is a suspension or a dispersion containing a
solid dispersed material.

[0043] The filler material of the present invention has
capability of drying moisture, and is used as a liquid filler
material that protects an OLED as described later from the
moisture. Thus, the occurrence of a dark-spot in an OLED
element can be preferably suppressed by simple work.
[0044] The hydrocarbon polymer used in the present
invention is a polymer having a number average molecular
weight of 300 or more and less than 20,000, and an iodine
value less than 40 g/100 g, and having no polar group. Such
a hydrocarbon polymer can provide the filler material of the
present invention with hydrophobicity, and also flow char-
acteristics and a small contact angle for securing good
working efliciency upon application at room temperature to
a light-emitting part on which an insulating protective film
described later.
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[0045] The hydrocarbon polymer is the polymer of unsatu-
rated hydrocarbon or the hydrogenated product thereof, and
specific examples thereof include a polymer of acyclic
unsaturated hydrocarbon or a hydrogenated product thereof,
or a polymer of cyclic unsaturated hydrocarbon or a hydro-
genated product thereof.

[0046] A degree of hydrogenation of the hydrogenated
product is not particularly limited, and is defined in terms of
an iodine value described later.

[0047] In the present invention, the polymer includes a
homopolymer and a copolymer.

[0048] As the acyclic unsaturated hydrocarbon, an acyclic
unsaturated aliphatic hydrocarbon is preferred, and an acy-
clic olefin is further preferred.

[0049] Specific examples of an acyclic polyolefin being a
polymer of the acyclic olefin include polyethylene, polypro-
pylene, polyisoprene, polybutadiene, polybutene-1, poly-
isobutylene, and an ethylene-propylene copolymer. Specific
examples of a hydrogenated product of the acyclic poly-
olefin include hydrogenated polyisoprene, hydrogenated
polybutadiene, hydrogenated polybutene-1 and (terminal-)
hydrogenated polyisobutylene.

[0050] In particular, in view of capability of reducing
surface energy to provide hydrophobicity and a small con-
tact angle, and also having excellent flowability, polyisobu-
tylene and hydrogenated polyisobutylene are preferred, and
polyisobutylene is further preferred,.

[0051] Specific examples of the cyclic unsaturated hydro-
carbon include a cyclic unsaturated aliphatic hydrocarbon
and an aromatic hydrocarbon. As the cyclic unsaturated
aliphatic hydrocarbon, a cyclic polyolefin is preferred.
[0052] The polymer of cyclic unsaturated hydrocarbon or
the hydrogenated product thereof is a homopolymer of the
cyclic unsaturated hydrocarbon, a copolymer of the cyclic
unsaturated hydrocarbon and other copolymerization com-
ponents, or a hydrogenated product thereof. Specific
examples thereof include a cycloolefin homopolymer, a
cycloolefin copolymer and a petroleum resin, or a terpene
resin such as polypinene and polylimonene, or a hydroge-
nated product thereof.

[0053] Specific examples of other copolymerization com-
ponents include the above-described acyclic unsaturated
hydrocarbon such as ethylene, propylene, isoprene, isobu-
tylene and butadiene, and also a compound having an
ethylenic unsaturated group, such as piperylene, styrene,
a-methylstyrene, vinyltoluene, indene, cyclopentadiene,
and dicyclopentadiene.

[0054] As the polymer of cyclic unsaturated hydrocarbon
or the hydrogenated product thereof, a hydrogenated product
of a petroleum resin (called a hydrogenated petroleum resin)
is preferred, a hydrogenated product of a copolymerized
petroleum resin (called a hydrogenated C5/C9 petroleum
resin) between a dicyclopentadiene (DCPD) component
containing as a main material a C5 fraction, and an aromatic
component being a C9 fraction, a hydrogenated product of
a petroleum resin formed of an aromatic component being a
C9 fraction (called a hydrogenated C9 petroleum resin), and
a hydrogenated product of a terpene resin (called a hydro-
genated terpene resin) are further preferred, and a hydroge-
nated 05/09 petroleum resin is still further preferred.
[0055] As long as the filler material of the present inven-
tion is formed into the liquid state, the hydrocarbon polymer
can be used alone in one kind or in combination of two or
more kinds among the above-described ones.
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[0056] When the hydrocarbon polymer is used alone in
one kind, the polymer of acyclic unsaturated hydrocarbon or
the hydrogenated product thereof, being liquid at room
temperature, is preferred.

[0057] When the hydrocarbon polymer is used in combi-
nation of two or more kinds, a combination thereof is not
particularly limited. In this case, at least one kind is pref-
erably the polymer of acyclic unsaturated hydrocarbon or
the hydrogenated product thereof, or the polymer of cyclic
unsaturated hydrocarbon or the hydrogenated product
thereof.

[0058] Inthe case where the hydrocarbon polymer is solid
at room temperature, such a polymer is preferably dissolved
or dispersed into other liquid materials to be used in com-
bination therewith to be liquid at room temperature in the
form of a mixture. Such a hydrocarbon polymer being solid
at room temperature is further preferably used in combina-
tion with the polymer of acyclic unsaturated hydrocarbon or
the hydrogenated product thereof, being liquid at room
temperature.

[0059] In the polymer of cyclic unsaturated hydrocarbon
or the hydrogenated product thereof, some are solid at room
temperature by itself even when the molecular weight is
particularly small. Accordingly, in the case where those
polymer or the hydrogenated product thereof is solid at room
temperature, as described above, such a polymer or a
hydrogenated product thereof is preferably used in combi-
nation with the polymer of the liquid acyclic unsaturated
hydrocarbon or the hydrogenated product thereof, being
liquid at room temperature. Thus, a fluid can be obtained, in
which the fluid has significantly reduced moisture perme-
ability to be excellent in moisture-proofing, and has reduced
surface energy to have a small contact angle, and has
non-Newtonian flow characteristics.

[0060] In the case where the polymer of cyclic unsaturated
hydrocarbon is used in combination with the polymer of
acyclic unsaturated hydrocarbon, a combination of hydro-
genated polyisobutylene with the hydrogenated petroleum
resin is preferred. In the present invention, flow character-
istics of the filler material are further improved by combin-
ing and using such polymers, and even if an application area
is increased, the filler material can be applied and filled
without any defect. Furthermore, upon application to a
plurality of devices, such a matter can also be suppressed
that the filler material of the present invention is uninten-
tionally leaked from a syringe of a dispenser during the time
of no application work between intervals of application for
every device to cause dripping of the filler material of the
present invention onto a portion on which no application is
desired. Therefore, the occurrence of leak or oozing can also
be prevented. Further, moisture permeation can also be
further suppressed by an improvement in hydrophobicity in
the filler of the present invention.

[0061] In the present invention, as a polymer component
in the resin composition, only the hydrocarbon polymer is
preferably contained, more specifically, no resin excluding
the hydrocarbon polymer is preferably contained.

[0062] The hydrocarbon polymer is preferably at least one
selected from the group consisting of polyethylene, poly-
propylene, polyisoprene, polybutadiene, polybutene-1,
polyisobutylene, an ethylene-propylene copolymer, hydro-
genated polyisoprene, hydrogenated polybutadiene, hydro-
genated polybutene-1, hydrogenated polyisobutylene, termi-
nal-hydrogenated  polyisobutylene, a  cycloolefin
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homopolymer, a cycloolefin copolymer, a terpene resin, a
hydrogenated cycloolefin homopolymer, a hydrogenated
cycloolefin copolymer, a hydrogenated terpene resin and a
hydrogenated product of a copolymerized petroleum resin
between a dicyclopentadiene component containing as a
main material a C5 fraction and an aromatic component
being a C9 fraction. At least one kind of the hydrocarbon
polymer is preferably polyisobutylene or hydrogenated
polyisobutylene.

[0063] The hydrocarbon polymer having the iodine value
less than 40 g/100 g used in the present invention has a
property of further easily causing crystallization, in com-
parison with a hydrocarbon polymer having a higher iodine
value and having a higher degree of unsaturation. Therefore,
in the case where the number average molecular weight is
20,000 or more, such a polymer is unable to provide the filler
material of the present invention with flowability in several
cases. For example, if crystallinity of the polymer is
decreased by further increasing an unsaturated bond, even if
the number average molecular weight is 20,000 or more, the
flowability can be secured in several cases.

[0064] However, in such a case, an effect of suppressing
permeation of the moisture is reduced. Therefore, it is not
desirable to increase the unsaturated bond from a viewpoint
of satisfying both the flowability and suppression of mois-
ture permeation. Accordingly, from viewpoints of providing
the filler material with the flowability while moisture per-
meability is suppressed, or the like, the number average
molecular weight is preferably 10,000 or less, and further
preferably 1,000 or less. On the other hand, in the case where
the number average molecular weight is less than 300, such
a polymer has a risk of generation of outgassing to cause a
break of an OLED in several cases. In view of prevention of
generation of outgassing and the break of an OLED, or the
like, the number average molecular weight is preferably 400
or more.

[0065] The polymer of cyclic unsaturated hydrocarbon or
the hydrogenated product thereof having the number aver-
age molecular weight less than 1,000 is particularly pre-
ferred.

[0066] The number average molecular weight is expressed
in terms of a value determined as a polystyrene equivalent
by Gel Permeation Chromatography (GPC).

[0067] In the hydrocarbon polymer used in the present
invention, in the case where the iodine value is 40 g/100 g
or more, the moisture permeability is increased, and such a
polymer is insufficient in several cases in view of improving
reliability of an OLED device, or the like. In view of the
moisture permeability or the like, the iodine value is pref-
erably 30 g/100 g or less, further preferably 18 g/100 g or
less, still further preferably 15 g/100 g or less, and most
preferably 10 g/100 g or less. The iodine value is preferably
as small as possible, and can also take a value of 0 g/100 g.
For example, a value less than a detection limit (not
detected) by the measuring method described later is pre-
ferred.

[0068] The iodine value of the hydrocarbon polymer can
be appropriately adjusted depending on a kind, the number
average molecular weight and a degree of hydrogenation of
unsaturated hydrocarbon.

[0069] In addition, the iodine value is expressed in terms
the number of grams of iodine (I,) that can be added to 100
g of a substrate, or in this case the hydrocarbon polymer.
Specific examples of a method of measuring the iodine value
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include a titrimetric method utilizing a color reaction such as
a Wyss method or a Hanus method.

[0070] Specifically, a sample for measurement is accu-
rately weighed, and an organic solvent without causing a
reaction with iodine, such as cyclohexane, is added thereto
and diluted. Next, a Wyss reagent (acetic acid solution of
iodine monochloride) or a Hanus reagent (acetic acid solu-
tion of iodine bromide) is added thereto, and the resultant
mixture is allowed to stand for about 30 minutes to 1 hour
to progress the reaction. Next, an excessive amount of
aqueous solution of potassium iodide is added thereto, then
unreacted iodine is freed to form a triiodide ion and transfers
to an aqueous phase. A trace amount of starch is added
thereto to develop an indigo blue color by an iodo-starch
reaction, and then an aqueous solution of sodium thiosulfate
is slowly added dropwise thereto, and a time point at which
the indigo blue color disappears is taken as an equivalence
point. From an amount of sodium thiosulfate used before
reaching the equivalence point, an amount of iodine not used
for the reaction is calculated. In the same manner, a control
experiment is conducted in a system having no sample for
measurement to determine an amount of iodine originally
contained in the Wyss reagent or the Hanus reagent. An
amount of iodine used in the reaction is determined from the
thus obtained differential between the amounts of iodine
depending on existence or non-existence of the sample for
measurement, and this amount is converted into a value per
100 g of hydrocarbon polymer, and the converted value is
taken as the iodine value.

[0071] Here, depending on a relationship between the
iodine value and the number average molecular weight of
the hydrocarbon polymer, particularly if a size of the OLED
element is increased, advantageous effects of the present
invention can be further effectively exhibited even in a
severe evaluation, in comparison with a small sized one.
[0072] The hydrocarbon polymer has no polar group,
preferably at a terminal. The hydrocarbon polymer having
no polar group at least at the terminal has at the terminal a
hydrogen atom, or a non-polar group such as an alkyl group
including a methyl group and a methylene group, and a
cyclic alkyl group including a cyclopentyl group and a
cyclohexyl group. Such a non-polar group is a group con-
sisting of the carbon atom and the hydrogen atom as in each
group described above to reduce surface energy of the filler
material of the present invention and to provide the filler
material with a small contact angle. In general, a liquid
having small surface energy has good wettability onto a
solid surface, even when viscosity is supposedly high to
some extent, which can be observed as the small contact
angle. Accordingly, the hydrocarbon polymer containing the
non-polar group at a high content is preferred in view of
obtaining the filler material of the present invention having
the good wettability.

[0073] The polar group is a group having polarity stronger
than the polarity of the group consisting of the carbon atom
and the hydrogen atom, and specific examples thereof
include a group containing a hetero atom, and further
specific examples thereof include a hydroxyl group, a car-
boxy group, an alkoxycarbonyl group, an aryloxycarbonyl
group, an acyloxy group and a group having a cyclic ether
skeleton.

[0074] In view of keeping the good wettability (related
also to the flowability) onto the insulating protective layer
and preventing the moisture permeability, a ratio (content) of
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the hydrocarbon polymer in the filler material of the present
invention as a whole is preferably 50 to 90 mass %, and
further preferably 60 to 80 mass %.

[0075] In the case where the filler material contains the
polymer of cyclic unsaturated hydrocarbon or the hydroge-
nated product thereof, in view of balancing the flowability
and the suppression of moisture permeation, a content
thereof in the filler material of the present invention is
preferably 10 to 40 mass %, and further preferably 20 to 30
mass %.

[0076] In the case where two or more kinds of the hydro-
carbon polymers are combined and used, as long as the filler
material of the present invention is formed into the liquid
state, a content of each hydrocarbon polymer is appropri-
ately set within the above-described range, and is not
particularly limited.

[0077] In the case where the polymer of acyclic unsatu-
rated hydrocarbon and the polymer of cyclic unsaturated
hydrocarbon, particularly the hydrogenated petroleum resin
are combined and used, a higher content of the polymer of
acyclic unsaturated hydrocarbon such as hydrogenated poly-
isobutylene in comparison with the content of the polymer
of cyclic unsaturated hydrocarbon such as cyclic polyolefin
is further preferred in view of the flowability.

[0078] The organometallic compound used in the present
invention functions as a drying component in the filler
material of the present invention. More specifically, this
organometallic compound scavenges the moisture invaded
from outside to enable the occurrence of a dark-spot to be
suppressed.

[0079] The organometallic compound is not particularly
limited, as long as the compound can scavenge the moisture.
Specific examples thereof include a complex or a compound
having an ion of a central metal, and at least one of a ligand
or an anion derived from an organic molecule. The organic
molecule contains at least a carbon atom in molecular
structure thereof.

[0080] A central metal element is preferably a metal
element belonging to any one of group 2 to group 4 and
group 11 to group 14 in the long periodic table of elements
from a viewpoint of transparency. Specifically, calcium,
titanium, zine, aluminum, silicon, magnesium or barium is
preferred, and above all, aluminum or calcium is further
preferred, and aluminum is particularly preferred from a
viewpoint of capability of satisfying both the drying capa-
bility and the wettability. Moreover, from aluminum or the
like, a transparent and colorless filler material can also be
obtained, and such a material can also be applied to the top
emission type device.

[0081] The organic molecule serving as the ligand or the
anion is not particularly limited, as long as such a molecule
is chemically bonded with the metal element to form the
complex or the compound. From viewpoints of mutual
solubility with the hydrocarbon polymer and the wettability,
aliphatic alcohol, polyol, f-diketone, p-ketoester, malonic
diester, aliphatic carboxylic acid or the like is preferred.
Above all, aliphatic carboxylic acid, aliphatic alcohol,
[-diketone, p-ketoester or malonic diester is further pre-
ferred, and aliphatic alcohol is still further preferred. From
a viewpoint of reducing the surface energy to improve the
wettability, as the organic molecule, one having 9 or more
carbon atoms in a total in one molecule is preferred, and one
having 10 or more carbon atoms is further preferred. On the
other hand, in the case where the number of carbon atoms
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exceeds 18, the compound is easily crystallized to produce
aproblem such as lack in the flowability and cloudiness, and
therefore the number of carbon atoms is most preferably in
the range of 10 to 18.

[0082] Such an organic molecule is not particularly lim-
ited. Specific examples thereof include aliphatic alcohol
such as normal nonyl alcohol, isononyl alcohol, decyl alco-
hol, isodecyl alcohol, normal dodecyl alcohol, stearyl alco-
hol, isostearyl alcohol and isomyristyl alcohol, and aliphatic
carboxylic acid such as nonylic acid, isononylic acid,
decanoic acid, dodecanoic acid and tetradecanoic acid.
[0083] Moreover, f-diketone is not particularly limited.
Specific examples thereof include 4,6-nonanedione, 4,6-
decanedione, 5,8-dodecanedione, 1,2-cyclododecanedione
and 2.2-dimethyl-6-ethyl-3,5-decanedione.

[0084] Then, f-ketoester is not particularly limited. Spe-
cific examples thereof include pentyl acetoacetate, neopen-
tyl acetoacetate, hexyl acetoacetate, 2-ethylhexyl acetoac-
etate, butylisobutyroyl acetate, methyl caproylacetate and
methyl lauroylacetate.

[0085] Malonic diester is not particularly limited. Specific
examples thereof include dipropyl malonate, diisopropyl
malonate, dibutyl malonate and di-tertiary butyl malonate.
[0086] The organometallic compound only needs to have
at least one molecule of the above-described organic mol-
ecule, and is preferably formed of the central metal element
and one or two or more organic molecules. In particular, all
of the organic molecules preferably include the above-
described preferred ones. For example, an organometallic
compound in which all of the organic molecules have 9 to
18 carbon atoms, and are any one of aliphatic carboxylic
acid, aliphatic alcohol, p-diketone, [3-ketoester and malonic
diester is further preferred to an organometallic compound
containing both an organic molecule having 9 or more
carbon atoms and an organic molecule having 8 or less
carbon atoms.

[0087] In addition, an organometallic compound contain-
ing an organic molecule having 3 or less carbon atoms
(including a case of 0 carbon atoms) causes an increase in
the surface energy to increase the contact angle in several
cases. Accordingly, from a viewpoint of the wettability or
the like, the organometallic compound containing the
organic molecule having 3 or less carbon atoms is preferably
used in combination with an organometallic compound
containing an organic molecule having 9 to 18 carbon atoms.
[0088] Among the organometallic compounds, a particu-
larly preferred compound can be represented by Formula (1)
below.

Formula (I)
R%0, OR!
N

OR?

[0089] In the Formula, R' to R* each independently rep-
resent an alkyl group having 1 to 18 carbon atoms, an acyl
group having 1 to 18 carbon atoms, or a residue having 5 to
18 carbon atoms and of f-diketone, p-ketoester or malonic
diester. However, the number of carbon atoms of at least one
of R* to R?is 9 to 18.

[0090] In view of the contact angle and the flowability, a
content of the organometallic compound in the filler material
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of the present invention is preferably 5 to 40 mass %, and
further preferably 10 to 30 mass %.

[0091] The resin composition preferably contains the inor-
ganic particles. Thus, the composition can provide the filler
material of the present invention with a non-Newtonian
property, particularly thixotropy.

[0092] The inorganic particles are not particularly limited,
as long as the particles are particles of the inorganic com-
pound. Specific examples thereof include silica, alumina,
smectite, talc, mica, zeolite and titania. Above all, silica,
smectite or talc is preferred.

[0093] The inorganic particles used in the present inven-
tion preferably have a shape further complicated than a
spherical shape or a square shape. Accordingly as the shape
of the inorganic particles is further complicated, an effect of
providing the filler material with the thixotropy based on an
amount of addition is increased.

[0094] When complexity of the shape of the inorganic
particles is evaluated from a projected image per one piece
of the inorganic particles, for example, the complexity can
be evaluated based on a fractal dimension of a contour line
of the projected image drawn on a plane. The fractal
dimension can be calculated, based on an image obtained by
a scanning electron microscope (SEM), an atomic force
microscope (AFM) or a transmission electron microscope
(TEM), by applying a box counting method or the like.
When the fractal dimension is calculated on a line or a
diagram on the plane exemplified in the contour line as
described above, the fractal dimension takes a value of 1.0
to 2.0. A detailed method of calculating the fractal dimen-
sion is described later.

[0095] In the present invention, from a viewpoint of
thixotropy, the fractal dimension of the inorganic particles is
preferably 1 or more, further preferably 1.1 or more, and still
further preferably 1.3 or more. An upper limit is not par-
ticularly limited, but is realistically less than 2.0 as described
above,

[0096] The particles having the fractal dimension in the
above-described range and having a complicated particle
shape can be found from kinds of fumed silica forming a
mass in which silica particles of several nanometers are
strongly bonded with each other by a Si—O covalent bond.
[0097] In the inorganic particles, from a viewpoint of the
transparency, a mean particle diameter is preferably 60 nm
or less, and further preferably 50 nm or less. On the other
hand, from a viewpoint of providing the filler material with
the thixotropy, the mean particle diameter is preferably 10
nm or more, and further preferably 30 nm or more. The mean
particle diameter means a mean particle diameter of primary
particles. For example, the primary particles having 60 nm
or less and a complicated shape may be prepared by fusing
a plurality of particles having the mean particle diameter of
several nanometers or less at a high temperature to bond the
particles with each other by a covalent bond. One in which
the primary particles are bonded with each other by van der
Waals force or interaction other than the covalent bond, such
as a hydrogen bond, is distinguished as a secondary aggre-
gate from the above-described primary particles. Such a
secondary aggregate is brittle and unstable, and therefore
even if the fractal dimension of the secondary aggregate is
supposedly large, the effect described above is hard to be
expected.

[0098] Here, the mean particle diameter means a mean of
the particle diameter per the number of the particles, as
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measured by a laser diffraction method specified in JIS Z
8825-1, for one group of particle population.

[0099] Various kinds of measuring apparatuses are avail-
able in which the laser diffraction method described above
can be executed, but LA-960 Series of HORIBA, Ltd.,
1G-1000 Series of Shimadzu Corporation or the like is
preferred.

[0100] In order to improve dispersibility, the inorganic
particles may be subjected to oleophilic surface treatment.
For example, the inorganic particles may be subjected to
surface treatment by a silane coupling agent having an alkyl
group, long-chain carboxylic acid and a salt thereof, long-
chain thiol or alkylamine. If the inorganic particles are
subjected to the surface treatment as described above, the
dispersibility is improved.

[0101] In addition, in the case where smectite subjected to
the oleophilic surface treatment is used as the inorganic
particles, attention is required for coloring (degree of trans-
parency) during use in combination with the cyclic poly-
olefin or the hydrogenated product thereof, particularly the
hydrogenated petroleum resin. For example, in the case
where the dispersibility of the smectite is poor, the degree of
transparency is reduced in several cases, and therefore the
dispersibility is preferably improved by alkyl ester of a
hydrogenated product of organic acid derived from a pine
resin fraction as described later, or the like.

[0102] A content of the inorganic particles in the filler
material of the present invention is preferably 0 to 20 mass
%, and from a viewpoint of providing the filler material with
the thixotropy, further preferably 0.5 to 20 mass %, and still
further preferably 1 to 20 mass %, particularly preferable 1
t010 mass %.

[0103] The inorganic particles can be used alone in one
kind, or in combination of two or more kinds.

[0104] The resin composition preferably contains alkyl
ester of the hydrogenated product of organic acid derived
from the pine resin fraction. Thus, compatibility between the
hydrocarbon polymer and the organometallic compound can
be improved. Moreover, in the case where the filler material
contains the inorganic particles, the dispersibility of the
inorganic particles can also be improved.

[0105] The organic acid derived from the pine resin frac-
tion only needs to be organic acid obtained by distilling a
pine resin being sap of a plant in the Pinaceae. Specific
examples thereof include rosin acid and various kinds of
acid forming the rosin acid. Specific examples of the acid
forming the rosin acid include abietic acid, neoabietic acid,
palustric acid, pimaric acid, isopimaric acid and dehydroa-
bietic acid. Above all, abietic acid or neoabietic acid is
preferred.

[0106] Alcohol for alkyl-esterifying the hydrogenated
product of organic acid derived from the pine resin fraction
is not particularly limited. Aliphatic alcohol is preferred and
aliphatic polyhydric alcohol is also preferred. Specific
examples of the aliphatic polyhydric alcohol include glyc-
erol, ethylene glycol and propylene glycol.

[0107] Specific examples of the alkyl ester of the hydro-
genated product of organic acid derived from the pine resin
fraction include tri(tetrahydroabietic acid)glyceryl and tri
(tetrahydroneoabietic acid)glyceryl.

[0108] A content of the alkyl ester of the hydrogenated
product of organic acid derived from the pine resin fraction
in the filler material of the present invention is preferably 0
to 20 mass %, and in view of improving dispersibility of a
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thixotropy-imparting agent, further preferably 0.5 to 20
mass %, and still further preferably 1 to 10 mass %.
[0109] These can be used alone in one kind, or in com-
bination of two or more kinds.

[0110] The resin composition may contain a resin other
than the hydrocarbon polymer, a plasticizer, a silane cou-
pling agent, a preservation stabilizer, an antioxidant, an
ultraviolet light absorber, a tackiness adjuster, a resin stabi-
lizer, a solvent or the like.

[0111] In addition, the resin other than the above-de-
scribed hydrocarbon polymer is different from the hydro-
carbon polymer having the number average molecular
weight of 300 or more and less than 20,000 and the iodine
value less than 40 g/100 g, and having no polar group
according to the present invention.

<Characteristics of Filler Material for Organic
Electroluminescent Element>
[0112] The filler material formed of the above-described

resin composition of the present invention has or preferably
has characteristics described below.

(Contact Angle to Silicon Nitride)

[0113] In the filler material of the present invention, the
contact angle to silicon nitride is 10 to 40 degrees. In the
case where this contact angle is 40 degrees or less, upon
application onto the insulating protective layer provided on
the OLED layer or the light-emitting part or the like and
containing silicon nitride or an inorganic substance similar
thereto, the filler material of the present invention naturally
spreads on a surface of the insulating protective layer, and
can be applied without a defect such as cissing. On the other
hand, in the case where the contact angle is less than 10
degrees, the filler material excessively spreads and flows
over a dam material to have a risk of contaminating an
external surface of an OLED substrate or the like.

[0114] The contact angle can be adjusted depending on a
kind of hydrocarbon polymer (a kind of unsaturated hydro-
carbon, the number average molecular weight, the iodine
value and existence or non-existence of the polar group), and
structure and an content the organometallic complex. A
method of measuring the contact angle is specifically
described in Examples.

(Amount of Outgassing)

[0115] In the filler material of the present invention, an
amount of outgassing other than the moisture upon being
heated at 85° C. for 1 hour is 500 ppm or less in terms of the
toluene equivalent. In the case where this amount of out-
gassing exceeds 500 ppm, even if applicability of the filler
material of the present invention is satisfactory, gas bubbles
derived from outgassing are generated to cause a gas bubble-
like defect. Thus, visibility of an OLED is reduced. This
regard becomes significant when the OLED is placed under
warm conditions for a long period of time. The amount of
outgassing is preferably 200 ppm or less, and further pref-
erably 100 ppm in view of prevention of the gas bubble-like
defect, and the visibility. In addition, the amount of outgas-
sing is ideally 0 ppm, but realistically is not decreased to 0
ppm, and is about 10 ppm, for example.

[0116] This amount of outgassing only needs to be within
the above-described range at least during use (during appli-
cation).
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[0117] The gas generated under the above-described con-
ditions is water (water vapor), the low molecular weight
component of the hydrocarbon polymer, the solvent or the
like. The gas other than the moisture is not scavenged with
the organometallic compound.

[0118] In order to reduce the amount of outgassing within
the above-described range, the following means can be
applied. Specific examples include a method of reduction of
a residual amount of the solvent to be used, when necessary
upon preparing the filler material of the present invention,
and a method of removing the low molecular weight com-
ponent after the above-described components are mixed.
Specific examples of these methods include heat treatment,
decompression treatment or heating decompression treat-
ment. Conditions of heating and decompression are appro-
priately set up depending on the solvent and the component
to be used, for example.

[0119] Heating decompression treatment is preferably
applied, and is further preferably applied, for example under
reduced pressure, at 60 to 90° C. for 30 minutes to 3 hours.
[0120] In addition, if the amount of outgassing is within
the above-described range, no application of a means for
further reducing the amount may be needed.

[0121] A method of measuring the amount of outgassing is
specifically described in Examples.

(Viscosity)

[0122] The filler material of the present invention is pref-
erably a non-Newtonian fluid having a non-Newtonian prop-
erty at 25° C. and at a shear rate in a region of 0.1 to 1000
S~ Here, the temperature of 25° C. is provided in assuming
typical temperature during application of the filler material
of the present invention. In a similar manner, the shear rate
of 0.1 to 1000 S™! is provided in assuming a rate of shear
acting on the filler material at a high velocity in a step of
application of the filler material of the present invention. For
example, the shear rate of 1000 S~ is provided in assuming
a dynamic state upon application by using a dispenser or the
like in the step of application of the filler material of the
present invention. Moreover, the shear rate of 0.1S7" is
provided in assuming a static state during the time of no
application work between intervals of application for every
device upon application to a plurality of devices, or upon an
already filled device being conveyed to the following coun-
ter substrate lamination step.

[0123] In the dynamic state, the filler material preferably
has low viscosity from a viewpoint of spread, and in the
static state, the filler material preferably has high viscosity
from a viewpoint of suppressing leak and ocozing. Accord-
ingly, in the case where the filler material is the non-
Newtonian fluid, particularly a thixotropic fluid within the
above-described region, the working efficiency during appli-
cation is further improved, and the filler material can be
applied thereto without generating almost all of the gas
bubble-like defects.

[0124] The non-Newtonian property means a property of
viscosity in which a relationship between shear stress of
flow and a velocity gradient of the flow is non-linear, and a
fluid having this property is called the non-Newtonian fluid.
The non-Newtonian fluid is generally classified into a Bing-
ham fluid, a thixotropic fluid, a pseudoplastic fluid and a
dilatant fluid. In the present invention, the filler material is
preferably a thixotropic fluid or a pseudoplastic fluid, and in
particular, a thixotropic fluid is preferred. This thixotropic
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fluid is a fluid that further easily flows accordingly as the
flow becomes stronger and flowing time becomes longer,
and a fluid the viscosity of which is reduced upon shear force
being applied thereto.

[0125] In order to form the filler material of the invention
into the non-Newtonian fluid, and preferably the thixotropic
fluid, specific examples thereof include a method of select-
ing a kind (the number average molecular weight, the iodine
value and existence or non-existence of the polar group) of
the hydrocarbon polymer, and a method of using the inor-
ganic particles, and preferably a method of using the inor-
ganic particles together with the alkyl ester of the hydroge-
nated product of organic acid derived from the pine resin
fraction. In addition thereto, specific examples thereof
include a method of mixing poorly compatible materials
with each other and then emulsifying the resultant mixture.
[0126] Evaluation of viscosity of the filler material of the
present invention is specifically described in Examples.

(Total Luminous Transmittance)

[0127] The filler material of the present invention is pref-
erably transparent in a visible region (350 nm to 800 nm),
and at least, total luminous transmittance in a wavelength
region of 350 to 800 nm is preferably 90% or more at a path
length of 25 um. In the case where this total luminous
transmittance is 90% or more, light can be emitted to an
outside of an OLED element without intercepting almost all
of light emitted from the OLED element, and such a material
is preferred particularly as the filler material for the top
emission type OLED. This total luminous transmittance is
preferably 95% or more, and further preferably 97% or
more.

[0128] The total luminous transmittance varies depending
on a kind, a content or the like of the organometallic
compound and the inorganic particles in several cases, and
therefore can be adjusted by appropriately selecting such a
material, or a kind, a content or the like of the hydrocarbon
polymer.

(Total Luminous Transmittance after Moisture Absorption)
[0129] In the filler material of the present invention, total
luminous transmittance in a wavelength region of 350 to 800
nm after storage at 60° C. for 100 hours under an environ-
ment of 90% RH (also referred to as the total luminous
transmittance after moisture absorption) is preferably 80%
or more at a path length of 25 um. In the case where the total
luminous transmittance after moisture absorption is 80% or
more, even if an OLED element is placed under a high
temperature and high humidity environment, light can be
emitted to an outside of the OLED element without signifi-
cantly intercepting light emitted from the OLED element,
and such a material is preferred particularly as the filler
material for the top emission type OLED. The total luminous
transmittance after moisture absorption is preferably 90% or
more, and further preferably 95% or more. An upper limit of
the total luminous transmittance after moisture absorption is
realistically about 94%.

[0130] A method of measuring the total luminous trans-
mittance after moisture absorption is specifically described
in Examples.

[0131] The filler material of the present invention can be
prepared in the form of the resin composition by, when
necessary dissolving or dispersing each component
described above into a solvent, and mixing these compo-
nents. On the above occasion, mixing conditions such as a
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mixing method and a mixing order, and environment con-
ditions such as temperature, humidity and pressure, and so
forth are not particularly limited.

[0132] In addition, when the solvent is used, after being
mixed, the solvent is removed to be within the above-
described amount of outgassing or less.

<<OLED Element>>

[0133] The filler material of the present invention is
applied as part of structure of sealing an OLED.

[0134] An OLED element to which the filler material of
the present invention is applied is described below.

[0135] The OLED element is provided with a pair of
counter electrodes, namely an anode and a cathode, a
light-emitting part arranged between the electrodes and
having an OLED layer, and the filler material of the present
invention to be filled inside the OLED element.

[0136] The OLED layer only needs to have at least a
light-emitting layer, and may have monolayer structure of
the light-emitting layer only. Moreover, for example, the
OLED layer may have multilayer structure such as light-
emitting layer/electron transport layer, hole transport layer/
light-emitting layer, hole transport layer/light-emitting
layer/electron transport layer, light-emitting layer/electron
transport layer/electron injection layer, hole injection layer/
hole transport layer/light-emitting layer/electron transport
layer, and hole injection layer/hole transport layer/light-
emitting layer/electron transport layer/electron injection
layer.

[0137] The OLED layer is ordinarily provided on an
element substrate having an insulation property and formed
of a rectangular glass plate, for example.

[0138] The light-emitting part formed of two electrodes
and the OLED layer arranged between the electrodes may
be, for example, in a case where the number of the OLED
layer is 1, or two or more OLED layers are combined and
assembled, and can have various layer configurations.
[0139] One example of the OLED element is described,
referring to FIG. 1. The OLED element 1 is provided with
an element substrate 2, a light-emitting part 3 provided on
the element substrate 2, a counter substrate 4 facing with the
element substrate 2, a dam material 5 surrounding a periph-
ery of the light-emitting part 3, and a filler material 6 of the
present invention (also simply referred to as the filler
material) 6 filled, in a non-gas bubble state, into a space
hermetically closed by these components.

[0140] The light-emitting part 3 has an anode 11 and a
cathode 13, and an OLED layer 12 arranged between the
electrodes, as described later. On a surface of the light-
emitting part 3, an insulating protective layer 14 is provided.
[0141] Thus, the light-emitting part 3 is contained in the
space hermetically closed with the element substrate 2, the
counter substrate 4 and the dam material 5, and sealed with
the filler material 6.

[0142] The element substrate 2 is formed of a hard mate-
rial, for example, an inorganic material such as yttrium
stabilized zirconia (YSZ), glass and metal, or a resin mate-
rial such as polyester, polyimide and polycarbonate. The
substrate has no restriction on a shape, structure, a dimen-
sion thereof or the like, and an optimum substrate can be
selected according to a configuration of an objective OLED
element. A general element substrate 2 has a plate shape.
Moreover, the element substrate 2 may be transparent and
colorless, or translucent or opaque. Moreover, on the ele-

Oct. 20, 2016

ment substrate 2, a moisture permeation prevention layer
(gas barrier layer) or the like may be provided, or a driving
circuit formed of TFT or the like may be provided thereon,
when necessary.

[0143] On the element substrate 2, the light-emitting part
3 is formed. Specifically, on the element substrate 2, the
anode 11 formed of a thin film of an electrically conductive
material such an indium tin oxide (ITO) film is formed. The
ITO film can be formed, for example by a PVD (physical
vapor deposition) method such as a vacuum deposition
method and a sputtering method. Then, the film is subjected
to patterning into a predetermined pattern shape by etching
or the like by a means of a photoresist method, and thus
formed. Part of the anode 11 is drawn to an end portion of
the element substrate 2, and connected to the driving circuit.

[0144] Specific examples of the electrically conductive
material include ITO, and also semi-conductive metal oxide
such as tin oxide, zinc oxide and indium oxide, metal such
as gold, silver, chromium and nickel and an organic elec-
trically conductive material such as polyaniline and poly-
thiophene.

[0145] On an upper surface of the anode 11, the OLED
layer 12 formed of a thin film of an organic compound
material is laminated by a PVD method such as a vacuum
deposition method and a resistance heating method. The
OLED layer 12 is formed in the form of four-layered
structure including a hole injection layer 21 a film of which
is formed on the anode 11, a hole transport layer 22 a film
of which is formed on an upper surface of the hole injection
layer 21, a light-emitting layer 23 a film of which is formed
on an upper surface of the hole transport layer 22 and an
electron transport layer 24 a film of which is formed on an
upper surface of the light-emitting layer 23.

[0146] The hole injection layer 21 and the hole transport
layer 22 can be formed of a hole transport material, respec-
tively. The hole transport material has any one of a function
of injecting a hole (positive hole) from the anode 11, a
fanction of transporting the hole or a function of barriering
an electron injected from the cathode 13. Specific examples
of the hole transport material include copper phthalocyanine
(CuPc), bis[N-(1-naphthyl)-N-phenyl]benzidine (a-NPD),
N,N'-diphenyl-N,N'-di(m-tolyl)benzidine, N,N,N',N'-tetra-
kis(m-tolyl)-1,3-phenylenediamine,  1,1-bis[4-[N,N-di(p-
tolyl)amino[phenyl]cyclohexane and 4,4'.4"-tris[N,N',N"-
triphenyl-N,N',N"-tri(m-tolyl )Jamino-phenylene.

[0147] A thickness thereof is not particularly limited, but
is ordinarily 5 to 100 nm, and preferably several tens of
nanometers.

[0148] The light-emitting layer 23 includes at least one
kind of light-emitting material, and may include a hole
transport material, an electron transport material or the like,
when necessary. The light-emitting material is not particu-
larly limited.

[0149] Specific examples of the light-emitting material
include a metal complex, a low molecular weight fluorescent
dye or a fluorescent polymer compound.

[0150] Specific examples of the metal complex include a
tris(8-quinolinolato)aluminum complex (Alq3), a bis(ben-
zoquinolinolato)beryllium complex, a bis(8-quinolinolato)
zinc complex and a phenanthroline-based europium com-
plex. Specific examples of the low molecular weight
fluorescent dye include perylene, quinacridone, coumarin
and 2-thiophene carboxylic acid. Specific examples of the
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fluorescent polymer compound include poly(p-phenylenevi-
nylene), 9-chloromethyl anthracene, polyfluorene and poly-
vinylcarbazole.

[0151] A thickness of the light-emitting layer 23 is not
particularly limited, but is ordinarily 5 to 100 nm, and
preferably several tens of nanometers.

[0152] The electron transport layer 24 can be formed of an
electron transport material. The electron transport material
has either a function of transporting an electron or a function
of barriering a hole injected from the anode 11. Specific
examples of the electron transport material include lithium
fluoride (LiF), 2-(4-tert-butylphenyl)-5-(4-biphenyl)-1,3,4-
oxadiazole and 3-(4-tert-butylphenyl)-4-phenyl-5-(4-biphe-
nyl)-1,2,4-triazole.

[0153] A thickness of the electron transport layer 24 is not
particularly limited, but is ordinarily 5 to 100 nm, and
preferably several tens of nanometers.

[0154] The cathode 13 is formed on an upper surface of
the electron transport layer 24 of the OLED layer 12 in the
form of a thin film of the electrically conductive material.
Specific examples of a material of a metal thin film include
a metal of Al, Li, Mg and In. Part of the cathode 13 is drawn
to the end portion of the element substrate 2, and connected
to the driving circuit.

[0155] The anode 11, the OLED layer 12 and the cathode
13 are covered with the insulating protective layer 14 for
protecting them from moisture and oxygen.

[0156] The insulating protective layer 14 has an inorganic
thin layer formed of an insulating inorganic substance. The
insulating inorganic substance is not particularly limited.
Specific examples thereof include a compound containing at
least a silicon atom and a nitrogen atom, metal nitride and
metal oxide. A compound containing at least a silicon atom
and a nitrogen atom is preferred, and silicon nitride or
silicon oxynitride is preferred in view of an excellent
balance between moisture-proofing and transparency.
[0157] The inorganic thin layer can be provided by a
method selected from a plasma CVD, ion-beam-assisted
vapor-deposition or reactive sputtering method or the like.
[0158] The insulating protective layer 14 has at least one
layer of the inorganic thin layer, and may have monolayer
structure including one layer of the inorganic thin layer or
multilayer structure including at least two layers of the
inorganic thin layers.

[0159] 1In the case where the layer has the multilayer
structure, a flattening layer 14B is preferably provided
between two adjacent layers, namely an inorganic thin layer
14A, and an inorganic thin layer 14A | in view of reducing
an adverse influence of the moisture permeation through a
microscopic defect generated inside the inorganic thin layer.
The flattening layer 14B is formed of an inorganic substance
or an organic substance having an insulation property, and a
film thereof can be formed by a method selected from
various kinds of vapor deposition methods, a spin coating
method, a spray method or the like. A material used for this
flattening layer 14B only needs to be a substance different
from the substance of the inorganic thin layer. As the
inorganic substance, silicon oxide, silicon carbide oxide,
aluminum oxide or the like can be preferably used, and as
the organic substance, a fluorocarbon resin, an acrylic resin,
polyimide or the like can be preferably used.

[0160] Lamination structure between the inorganic thin
layer 14A  and the flattening layer 14B can further suppress
an adverse influence due to the microscopic defect to
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improve a barrier property against moisture or oxygen,
accordingly as the number of layers of the multilayer
increases. However, as the structure adaptable to a product
for general use, three-layered structure of inorganic thin
layer 14A /flattening layer 14B/inorganic thin layer 14A, is
realistic in view of cost.

[0161] Thus, a laminate is formed of the light-emitting
part 3 including lamination structure of the anode 11, the
OLED layer 12 and the cathode 13, and the insulating
protective layer 14.

[0162] An airtight vessel in the form of containing the
laminate is formed on the element substrate 2 by the element
substrate 2 on which the light-emitting part 3 covered with
the insulating protective layer 14 is mounted, and for
example a rectangular counter substrate 4 and the dam
material 5.

[0163] As a material of the counter substrate 4, a material
selected from metal, glass, a film formed of a polymer, or the
like can be used. Above all, in the case where the material
is a transparent and colorless material such as glass, PET,
PEN and aliphatic polyimide, the top emission type in which
light is emitted from an upper surface of the OLED element
1 through the counter substrate 4 can be adopted, for
example. In a case of the top emission type, a color filter may
be laminated onto the counter substrate 4. On the counter
substrate 4, an inorganic layer formed of silicon nitride or
the like may be provided by a method such as vapor
deposition in order to suppress permeation of moisture or
oxygen.

[0164] The dam material 5 is not particularly limited, but
can be formed by a method of applying onto both substrates
2 and 4 an adhesive formed of a mixture of inorganic
particles and a thermosetting resin or a photosetting resin
such as an epoxy resin and an acrylic resin, or the like by a
dispenser so as to surround a periphery of the substrate, and
curing the applied material. Alternatively, the dam material
5 can be formed by applying a method of performing laser
welding of a window frame-shaped glass onto both of the
substrates 2 and 4. The thus formed dam material 5 has a role
of preventing the counter substrate 4 from being brought
into contact with the light-emitting part 3, and simultane-
ously containing the light-emitting part 3 to keep airtight-
ness of the airtight vessel, and preventing a liquid filler 6
described later from being leaked to an outside.

[0165] An inside of the thus formed airtight vessel is filled
with the filler material 6 of the present invention.

[0166] The OLED element having the filler material of the
present invention is produced by sealing the light-emitting
part by a sealing method of the present invention. Accord-
ingly, the sealing method of the present invention also serves
as a method of producing the OLED element.

[0167] The sealing method and the method of producing
the OLED element including this method according to the
present invention are specifically described. In addition, the
following description does not limit the present invention,
and all of arts of performing design changes in light of the
spirit of the present invention are included in the technical
scope of the present invention.

[0168] The sealing method of the present invention at least
has a step of filling the filler material for the organic
electroluminescent element of the present invention into the
airtight vessel in which the light-emitting part covered with
the insulating protective layer is sealed and surrounded.
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[0169] In the sealing method of the present invention, the
laminate including the airtight vessel formed of the element
substrate, the counter substrate and the dam material, and the
light-emitting part 3 can be provided as described above.
[0170] In the sealing method of the present invention,
before the counter substrate is adhered onto the dam mate-
rial, the filler material of the present invention is filled onto
the laminate or into a space between the laminate and the
dam material.

[0171] The filler material of the present invention is pref-
erably filled at room temperature and under an atmosphere
of an inert gas such as a nitrogen gas in order to prevent
moisture from being mixed.

[0172] An amount of application ordinarily corresponds to
capacity equal to a space volume inside the airtight vessel,
or an amount slightly larger than the capacity.

[0173] A liquid material of the present invention is filled
by being applied by a dispenser, a slit die, screen printing or
the like, and a dispenser is particularly excellent in view of
capability of applying the material to devices having various
sizes or shapes without particularly changing specifications
of a machine, a tool or the like. Upon applying the material
by the dispenser or the like, viscosity of the filler material of
the present invention is preferably as small as possible in
view of ease of extruding the material from the syringe, and
is further preferably less than 1,000 Pa-sec, and still further
preferably less than 100 Pa-sec. Accordingly as the viscosity
is higher than 1,000 Pa-sec, the material becomes further
disadvantageous in view of spread.

[0174] However, on the other hand, upon application to a
plurality of devices, an error occurs in which, in the case
where the viscosity is low, the filler is unintentionally leaked
from the syringe of the dispenser during the time of no
application work between intervals of application for every
device, and the filler is dripped onto a portion on which no
application is desired. Therefore, in the static state in which
no filler is extruded from the syringe, in the case where the
viscosity of the filler material is less than 100 Pa-sec, work
is difficult. Accordingly, the viscosity is preferably as high as
possible, and further preferably 1,000 Pa‘sec or more.
[0175] Moreover, higher static viscosity is advantageous
also in view of suppressing an error of spilling or oozing of
the filler material of the present invention upon conveying
the already applied filler material of the present invention
from an application step to a next step. In addition, the next
step is, for example. a step of lamination between the dam
material and the counter substrate.

[0176] Technical requirements are contradictory for the
dynamic viscosity upon extruding the filler material of the
present invention from the syringe, and the static viscosity
upon no extrusion, and this contradiction is unsolvable with
the filler of the Newtonian fluid in several cases. In the
present invention according to which the above-mentioned
contradiction can be solved by using the filler material of the
non-Newtonian fluid to cause a change in the viscosity by a
shear flow rate, both of contradictory flow characteristics of
low viscosity in the dynamic state and high viscosity in the
static state can be satisfied. As a result, realization of
excellent working efliciency in an OLED sealing step
including the application step by the dispenser or the like has
been allowed. Above all, a thixotropic liquid having time
and velocity dependence in the viscosity is particularly
preferred in view of ease of spread without any defect on the
insulating protective layer.
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[0177] After the filler material of the present invention is
filled thereinto, the resultant filled material is allowed to
stand until the filler material spreads under the above-
described temperature and atmosphere. At this time, the
material may be left to stand or provided with vibration or
the like. Thus, the filler material of the present invention can
be cast without any defect on a surface of the insulating
protective layer.

[0178] Thus, the filler material of the present invention is
allowed to cast, and filled into the space between the
laminate including the light-emitting part, and the dam
material,

[0179] After the filler material of the present invention is
filled thereinto, a step of adhering the counter substrate onto
the dam material to seal the laminate is performed. Thus, the
OLED element is sealed to produce the OLED element.
[0180] Thus, in the case where the filler material of the
present invention is used, the OLED element can be pro-
duced with a high production yield.

EXAMPLES

[0181] The present invention will be described in more
detail based on examples given below, but the invention is
not meant to be limited by these.

Example 1

[0182] Hydrogenated polyisobutylene being liquid at
room temperature (“SHO” (trade name), the number average
molecular weight: 600, iodine value<10 g/100 g, manufac-
tured by NOF Corporation), a toluene 50% solution of
hydrogenated C5/C9 petroleum resin (“I-MARV P100”
(trade name), the number average molecular weight: 900,
iodine value<10 g/100 g, manufactured by Idemitsu Kosan
Co., Ltd.) and a toluene 50% solution of aluminum tri-
isononyloxide were mixed at a mass ratio of 1:1:1, and then
the resultant mixture was dried under reduced pressure at
80° C. for 1 hour by using an evaporator.

[0183] Thus, a filler material for an OLED of the present
invention was prepared. This filler material for an OLED
was liquid at 25° C.

[0184] The prepared filler material for an OLED was filled
into an airtight vessel for sealing a light-emitting part
covered with an insulating protective layer, and an OLED
element 1 similar to the OLED element shown in FIG. 1 was
produced.

[0185] As element substrates 2, two kinds of ITO vapor-
deposited glass having a size of 3.6 cmx3.6 cm and a size of
7.6 cmx7.6 cm were used, and these element substrates 2
were respectively subjected to etching by a photoresist
method and to patterning into a predetermined pattern shape,
to form a 100 nm-thick anode 11. In addition, part of ITO
film was drawn to an end portion of the element substrate 2,
and connected to a driving circuit (not shown).

[0186] Next, on an upper surface of the anode 11, a film of
a hole injection layer 21 formed of copper phthalocyanine
(CuPc) was formed at a film thickness of 70 nm by a
resistance heating method, and on an upper surface of the
hole injection layer 21, a film of a hole transport layer 22
formed of bis|N-(1-naphthyl)-N-phenyl[benzidine (-NPD)
was formed at a film thickness of 30 nm. Further, on an
upper surface of the hole transport layer 22, a film of a
light-emitting layer 23 formed of a tris(8-quinolinolato)
aluminum complex was formed at a film thickness of 50 nm.
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[0187] Subsequently, on an upper surface of the light-
emitting layer 23, a film of an electron transport layer 24
formed of lithium fluoride was formed at a film thickness of
7 nm, and further on the electron transport layer 24, a film
of a cathode 13 was formed at a film thickness of 150 nm by
performing physical vapor deposition of aluminum. In addi-
tion, part of the cathode 13 was drawn to an end portion of
the element substrate 2, and connected to a driving circuit
(not shown). Thus, the element substrate 2 on which the
light-emitting part 3 including the anode 11, the OLED layer
12 and the cathode 13 was mounted was obtained.

[0188] Subsequently, on a surface of the light-emitting
part 3, as described below, a film of the insulating protective
layer 14 having three layered structure including an inor-
ganic thin layer formed of a compound containing at least a
silicon atom and a nitrogen atom was formed to form as a
laminate the light-emitting part 3 covered with the insulating
protective layer 14.

[0189] The film of the insulating protective layer 14
corresponding to the three-layered structure of inorganic
thin layer 14A,/flattening layer 14B/inorganic thin layer
14 A, was formed. First, on the surface of the light-emitting
part 3, the 1 nm-thick inorganic thin layer 14A, formed of
silicon nitride was formed by a plasma CVT method, and
then the mixture obtained by mixing 2,2-diethoxy acetophe-
none to butyl acrylate at a ratio of 0.1 mass % was applied
at a thickness of 2 pm by spin coating, and then the resultant
applied mixture was cured by irradiation with UV to form
the flattening layer 14B. Then, the 1 nm thick-inorganic thin
layer 14A, formed of silicon nitride was formed again by a
plasma CVT method to form the film of the insulating
protective layer 14 having three layered structure.

[0190] A bisphenol A epoxy resin (“RE310S” (trade
name), manufactured by Nippon Kayaku Co., Ltd.), silica
particles (“SO-C1” (trade name), manufactured by Admat-
echs Co., Ltd.) and an optical cation catalyst (“Adekaop-
tomer SP170” (trade name), manufactured by ADEKA Cor-
poration) were mixed at a mass ratio of 100:30:1 by using a
planetary mixer to prepare a photocurable dam material.

[0191] Subsequently, in a glove box in which an atmo-
sphere was replaced by a nitrogen gas having a dew point of
-76° C. or lower, the thus prepared dam material was
applied, by a dispenser, onto a periphery of the element
substrate 2 on which the laminate was mounted so as to
surround the laminate in a frame shape and to be 3 mm in
width and 40 pm in height. Next, a filler material for an
OLED in a volume equal to the volume of the space of the
airtight vessel formed of the element substrate 2 and an
uncured dam material was applied, by a dispenser, onto a
surface of the laminate. As shown in FIG. 2, the filler
material 6 for an OLED was applied onto a surface of the
insulating protective layer 14 in a cross shape and an oblique
cross shape.

[0192] Then, the resultant applied material was allowed to
stand in the glove box for 2 minutes to spread the filler
material for an OLED thereon. Next, a counter substrate 4
was laminated on a dam material 5, and then irradiated with
ultraviolet light to cure the dam material 5. The dam material
5 was cured to fill the filler material 6 for an OLED, in
keeping a liquid state, into the airtight vessel formed of the
dam material 5, the counter substrate 4 and the element
substrate 2 and for sealing the light-emitting part 3 covered
with the insulating protective layer 14.

Oct. 20, 2016

[0193] Thus, two kinds of the OLED elements 1 having a
different size and having sealed structure of filling the filler
material 6 for the OLED into the airtight vessel in keeping
the liquid state were produced.

Example 2

[0194] Hydrogenated polyisobutylene being liquid at
room temperature (“SHO” (trade name), the number average
molecular weight: 600, iodine value<10 g/100 g, manufac-
tured by NOF Corporation), a toluene 50% solution of
hydrogenated C5/C9 petroleum resin (“I-MARV P100”
(trade name), the number average molecular weight: 900,
iodine value<10 g/100 g, manufactured by Idemitsu Kosan
Co., Ltd.), and a toluene 50% solution of aluminum tri-
isononyloxide were mixed at a mass ratio of 1:1:1, and then
the resultant mixture was dried under reduced pressure at
80° C. for 1 hour by using an evaporator. To the thus
obtained composition, synthetic smectite particles (“LU-
CENTITE SAN” (trade name), mean particle diameter: 40
nm, manufactured by Co-op Chemical Co., Ltd.) were added
to be in a 3% mass fraction, and dispersed by using a
homogenizer.

[0195] Thus, a filler material for an OLED of the present
invention was prepared. This filler material for an OLED
was liquid at 25° C.

[0196] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 3

[0197] A filler material for an OLED of the present
invention was prepared in the same manner as Example 2
except that nano-type fumed silica particles (“AEROSIL RX
50” (trade name), the mean particle diameter: 60 nm,
manufactured by Nippon Aerosil Co., Ltd.) was used in
place of the synthetic smectite particles. This filler material
for an OLED was liquid at 25° C. Two kinds of the OLED
elements 1 having a different size were produced by using
this filler material for the OLED in the same manner as
Example 1.

Example 4

[0198] Hydrogenated polyisobutylene being liquid at
room temperature (“SHO” (trade name), the number average
molecular weight: 600, iodine value<10 g/100 g, manufac-
tured by NOF Corporation), a toluene 50% solution of
hydrogenated C5/C9 petroleum resin (“I-MARV P100”
(trade name), the number average molecular weight: 900,
iodine value<10 g/100 g, manufactured by Idemitsu Kosan
Co., Ltd.), a toluene 50% solution of aluminum triisonony-
loxide and a toluene 50% solution of tri(tetrahydroabietic
acid)glyceryl were mixed at a mass ratio of 4:4:4:1, and then
the resultant mixture was dried under reduced pressure at
80° C. for 1 hour by using an evaporator. To the thus
obtained composition, nano-type spherical silica particles
(“ST” (trade name), mean particle diameter: 15 nm, manu-
factured by Nissan Chemical Industries, Ltd.) were added to
be in a 3% mass fraction, and dispersed by using a homog-
enizer.

[0199] Thus, a filler material for an OLED of the present
invention was prepared. This filler material for an OLED
was liquid at 25° C.
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[0200] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 5

[0201] A filler material for an OLED of the present
invention was prepared in the same manner as Example 4
except that synthetic smectite particles (“LUCENTITE
SAN” (trade name), mean particle diameter: 40 nm, manu-
factured by Co-op Chemical Co., Ltd.) was used in place of
the nano-type spherical silica particles. This filler material
for an OLED was liquid at 25° C.

[0202] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 6

[0203] A filler material for an OLED of the present
invention was prepared in the same manner as Example 4
except that a hydrogenated C9 petroleum resin (“ARKON
P90 (trade name), the number average molecular weight:
600, iodine value<10 g/100 g, manufactured by Arakawa
Chemical Industries, [td.) was used in place of the hydro-
genated C5/C9 petroleum resin, and nano-type fumed silica
particles (“AEROSIL RX 50” (trade name), the mean par-
ticle diameter: 60 nm, manufactured by Nippon Aerosil Co.,
Ltd.) was used in place of the nano-type spherical silica
particles. This filler material for an OLED was liquid at 25°
C.

[0204] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 7

[0205] Polyisobutylene being liquid at room temperature
(“3N” (trade name), the number average molecular weight:
720, iodine value<35 g/100 g, manufactured by NOF Cor-
poration), a toluene 50% solution of hydrogenated terpene
resin (“Clearon P105” (trade name), the number average
molecular weight: 600, iodine value<10 g/100 g, manufac-
tured by YASUHARA CHEMICAL Co., Ltd.), a toluene
50% solution of aluminum triisononyloxide and a toluene
50% solution of tri(tetrahydroabietic acid)glyceryl were
mixed at a mass ratio of 4:6:4:1, and then the resultant
mixture was dried under reduced pressure at 80° C. for 1
hour by using an evaporator. To the thus obtained compo-
sition, nano-type fumed silica particles (“AEROSIL RX 50”
(trade name), the mean particle diameter: 60 nm, manufac-
tured by Nippon Aerosil Co., Ltd.) were added to be in a 3%
mass fraction, and dispersed by using a homogenizer.
[0206] Thus, a filler material for an OLED of the present
invention was prepared. This filler material for an OLED
was liquid at 25° C.

[0207] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 8

[0208] Hydrogenated polyisobutylene being liquid at
room temperature (“PARLEAM 4” (trade name), the num-
ber average molecular weight: 400, iodine value<10 g/100 g,
manufactured by NOF Corporation), a toluene 50% solution
of polyisobutylene being solid (“Oppanol-B13” (trade
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name), the number average molecular weight: 19000, iodine
value<10 g/100 g, manufactured by BASF Ltd.), a toluene
50% solution of aluminum triisononyloxide and a toluene
50% solution of tri(tetrahydroabietic acid)glyceryl were
mixed at a mass ratio of 6:3:3:1, and then the resultant
mixture was dried under reduced pressure at 80° C. for 1
hour by using an evaporator. To the thus obtained compo-
sition, nano-type fumed silica particles (“AEROSIL RX 50”
(trade name), the mean particle diameter: 60 nm, manufac-
tured by Nippon Aerosil Co., Ltd.) were added to be in a 3%
mass fraction, and dispersed by using a homogenizer.
[0209] Thus, a filler material for an OLED of the present
invention was prepared. This filler material for an OLED
was liquid at 25° C.

[0210] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Example 9

[0211] Hydrogenated polyisobutylene being liquid at
room temperature (“SHO” (trade name), the number average
molecular weight: 600, iodine value<10 g/100 g, manufac-
tured by NOF Corporation), a toluene 50% solution of
calcium diisononyloxide and a toluene 50% solution of
tri(tetrahydroabietic acid)glyceryl were mixed at a mass
ratio of 7:4:1, and then the resultant mixture was dried under
reduced pressure at 80° C. for 1 hour by using an evaporator.
To the thus obtained composition, nano-type fumed silica
particles (“AEROSIL RX 50” (trade name), the mean par-
ticle diameter: 60 nm, manufactured by Nippon Aerosil Co.,
Ltd.) were added to be in a 1% mass fraction, and dispersed
by using a homogenizer.

[0212] Thus, a filler material for an OLED of the present
invention was prepared.

[0213] This filler material for an OLED was liquid at 25°
C.

[0214] Two kinds of the OLED elements 1 having a
different size were produced by using this filler material for
the OLED in the same manner as Example 1.

Comparative Example 1

[0215] Two kinds of the OLED elements having a differ-
ent size were produced by using polyisobutylene being
liquid at room temperature (“ON” (trade name), the number
average molecular weight: 400, iodine value<70 g/100 g,
manufactured by NOF Corporation) as a filler material in the
same manner as Example 1.

Comparative Example 2

[0216] A filler material was prepared by drying, under
reduced pressure, polyisobutylene being liquid at room
temperature (“015N” (trade name), the number average
molecular weight: 600, iodine value: 40 g/100 g, manufac-
tured by NOF Corporation) at 80° C. for 1 hour by using an
evaporator. Two kinds of the OLED elements having a
different size were produced by using this filler material in
the same manner as Example 1.

Comparative Example 3

[0217] Two kinds of the OLED elements having a differ-
ent size were produced by using aluminum triisononyloxide
as a filler material in the same manner as Example 1.
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Comparative Example 4

[0218] Polyisobutylene being liquid at room temperature
(“ON” (trade name), the number average molecular weight:
400, iodine value<70 g/100 g, manufactured by NOF Cor-
poration), and a toluene 50% solution of aluminum tricy-
clohexyloxide were mixed at a mass ratio of 3:1, and then
the resultant mixture was dried under reduced pressure at
40° C. for 1 hour by using an evaporator. Thus, a filler
material was prepared. This filler material was liquid at 25°
C.

[0219] Two kinds of the OLED elements having a differ-
ent size were produced by using this filler material in the
same manner as Example 1.

Comparative Example 5

[0220] Polyisobutylene being liquid at room temperature
(“015N” (trade name), the number average molecular
weight: 600, iodine value: 40 g/100 Q. manufactured by
NOF Corporation) and a toluene 50% solution of aluminum
trioctyloxide were mixed at a mass ratio of 3:1, and then the
resultant mixture was dried under reduced pressure at 80° C.
for 1 hour by using an evaporator.

[0221] Thus, a filler material was prepared. This filler
material was liquid at 25° C.

[0222] Two kinds of the OLED elements having a differ-
ent size were produced by using this filler material in the
same manner as Example 1.

Comparative Example 6

[0223] Polyisoprene being liquid at room temperature
(“kuraprene LIR-30” (trade name), the number average
molecular weight: 28000, iodine value: 370 g/100 g, manu-
factured by KURARAY Co., Ltd.) and a toluene 50%
solution of aluminum trioctyloxide were mixed at a mass
ratio of 3:1, and then the resultant mixture was dried under
reduced pressure at 80° C. for 1 hour by using an evaporator.
[0224] Thus, a filler material was prepared. This filler
material was liquid at 25° C.

[0225] Two kinds of the OLED elements having a differ-
ent size were produced by using this filler material in the
same manner as Example 1.

Comparative Example 7

[0226] Polyisobutylene being liquid at room temperature
(“ON” (trade name), the number average molecular weight:
400, iodine value<70 g/100 g, manufactured by NOF Cor-
poration), a toluene 50% solution of polyisobutylene (“Op-
panol-B14N” (trade name), the number average molecular
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weight: 20000, iodine value<10 g/100 g, manufactured by
BASF Itd.), and a toluene 50% solution of aluminum
trioctyloxide were mixed at a mass ratio of 6:3:1, and then
the resultant mixture was dried under reduced pressure at
80° C. for 1 hour by using an evaporator.

[0227] Thus, a filler material was prepared. This filler
material was liquid at 25° C.

[0228] Two kinds of the OLED elements having a differ-
ent size were produced by using this filler material in the
same manner as Example 1.

Comparative Example 8

[0229] Polyisobutylene being liquid at room temperature
(“015N” (trade name), the number average molecular
weight: 600, iodine value: 40 g/100 g, manufactured by
NOF Corporation) and a toluene 50% solution of aluminum
oxide octylate trimer were mixed at a mass ratio of 3:2, and
then the resultant mixture was dried under reduced pressure
at 40° C. for 1 hour by using an evaporator.

[0230] Thus, a filler material was prepared. This filler
material was liquid at 25° C.

[0231] Two kinds of the OLED elements having a differ-
ent size were produced by using this filler material in the
same manner as Example 1.

(Fractal Dimension of Inorganic Particles)

[0232] For each of inorganic particles used in Examples, a
projected image of the inorganic particles was obtained by
using a transmission electron microscope

[0233] (TEM), and then ten pieces of inorganic particles
were randomly selected as a specimen, and a fractal dimen-
sion was determined, according to the following formula,
from a contour line of each projected image by a box
counting method.

Formula:log(length of the contour line)=(1-D)log
(resolution)+log(constant)

[0234] In the formula, D represents a fractal dimension,
and a “constant” represents an eigenvalue determined by a
shape and a size of a contour line and corresponds to length
upon approximating the contour line to the simplest shape.
Complexity can be evaluated only by magnitude of the
fractal dimension D, and magnitude of the “constant” has no
relation with the complexity.

[0235] The fractal dimension of inorganic particles was
taken as a mean value or a range including each value for 10
pieces.

[0236] TEM images, mean particle sizes and fractal
dimensions of contour lines of each of inorganic particles are
shown in Table 1.
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Kind of particles

Spher ical
silica

Synthetic
smectite

Fumed
Silica

TEM image

w

mean particle size

150m

6Qum

Fractal dimen§ions
of contour lines

10

13~14
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[0237] Each of the filler materials prepared or used in
Examples and Comparative Examples was evaluated on the
following items as described below.

(Contact Angle)

[0238] On a smooth wafer on a surface of which a silicon
nitride film was formed by vacuum deposition, each of the
filler materials in Examples and Comparative Examples was
added dropwise to measure a contact angle between a
dropped liquid and a silicon nitride film surface by a method
in which the filler material was used in place of distilled
water according to a sessile drop method specified in JIS R
3257.

(Amount of Outgassing)

[0239] For each of the filler materials in Examples and
Comparative Examples, an amount of outgassing was mea-
sured by a gas chromatographic analysis method specified in
JISK 0114. A component volatilized upon heating each filler
material at 85° C. for 1 hour was collected by using a
headspace sampler and analyzed. As the amount of outgas-
sing, an amount of a volatile component excluding moisture
was determined in terms of a toluene equivalent.

(Total Luminous Transmittance)

[0240] Each of the filler materials in Examples and Com-
parative Examples was interposed between two sheets of 2
mm-thick polymethylmethacrylate resin (PMMA) plates
(path length: 25 pm) together with a 25 pm-thick frame-
shaped separator, and transmittance in the wavelength
region of 350 to 800 nm was measured by using a visible-
ultraviolet spectrophotometer “UV-3600" (manufactured by
Shimadzu Corporation) by taking as a background (refer-
ence) a portion obtained by measuring the transmittance
using only two sheets of PMMA plates. The thus obtained
values were averaged, and taken as total luminous transmit-
tance (expressed as “initial” in Table 2 and Table 3).
(Total Luminous Transmittance after Moisture Absorption)
[0241] Each of the filler materials in Examples and Com-
parative Examples was stored on a petri dish at 60° C. and
relative humidity of 90% for 100 hours. With regard to each
of the filler materials after moisture absorption, total lumi-
nous transmittance (expressed as “after moisture absorp-
tion” in Table 2 and Table 3) was determined in the same
manner as the above-described “total luminous transmit-
tance.”

[0242] In addition, for storage at 60° C. for 100 hours
under 90% RH, a constant temperature and humidity cham-
ber (PR-1], manufactured by ESPEC Corporation) was used.

(Viscosity)

[0243] For each of the filler materials in Examples and
Comparative Examples, viscosity at 25° C. was measured by
using a cone-plate type (E type) viscometer at each of shear
rates of 0.1 S7%, 10 S™! and 1,000 S~.

[0244] With regard to evaluation of viscosity, a case where
the viscosity measured was different for every shear rate was
evaluated to be non-Newtonian, and in particularly, a case
where the viscosity decreased accordingly as the shear rate
was increased was evaluated to be thixotropic for the filler
material (expressed as “non-Newtonian thixotropy” in Table
2 and Table 3).
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[0245] Moreover, a case where three kinds of viscosity
measured at three kinds of shear rates were constant (equal
value), more specifically a case where the shear rate and
shear stress had a linear relationship was evaluated to be
Newtonian.

(Evaluation of Qozing and Leak of Filler Material)

[0246] Whether or not oozing, leak or the like of a filler
material to an outside of an airtight vessel was observed was
evaluated.

[0247] Specifically, each of two kinds of an OLED ele-
ments produced in Examples and Comparative Examples,
respectively, was observed from outside with naked eyes to
confirm existence or non-existence of the oozing and the
leak.

[0248] As evaluation criteria, one was taken as “A” in
which neither the oozing nor the leak was confirmable in
both an OLED element having an element substrate with a
size of 3.6 cmx3.6 cm (referred to as a small-sized OLED
element) and an OLED element having an element substrate
with a size of 7.6 cmx7.6 cm (referred to as a large-sized
OLED element), one was taken as “B” in which, while
neither the oozing nor the leak was confirmable in the
small-sized OLED element, the oozing and the leak were
confirmable in the large-sized OLED element, and one was
taken as “C” in which the oozing and the leak were con-
firmable even in the small-sized OLED element.

[0249] The evaluation of oozing and leak is testing for
evaluating a contamination by the filler material. and as
described later, the evaluation in the large-sized OLED
element is severe testing as a test piece.

[0250] Accordingly, in the evaluation, a case of “B” in the
evaluation criteria is an acceptable level, and a case of “A”
is a desirable level as the filler material for an OLED.

(Evaluation of Gas Bubble-Like Defect and Unfilled
Portion)

[0251] Each of the OLED elements produced was allowed
to stand at 60° C. for 24 hours under a drying atmosphere of
relative humidity of 0.003%, and then whether or not a gas
bubble or a portion unwetted with the filler material (unfilled
portion) inside an airtight vessel exists was observed
through a microscope.

[0252] As evaluation criteria, one was taken as “A” in
which neither the gas bubble-like defect nor the unfilled
portion was confirmable in both a small-sized OLED ele-
ment and a large-sized OLED element, one was taken as “B”
in which, while neither the gas bubble-like defect nor the
unfilled portion was confirmable in the small-sized OLED
element, the gas bubble-like defect and the unfilled portion
were confirmable in the large-sized OLED element, and one
was taken as “C” in which the gas bubble-like defect and the
unfilled portion were confirmable even in the small-sized
OLED element.

[0253] The evaluation of the gas bubble-like defect and
the unfilled portion is testing for evaluating wettability of the
filler material and an influence on aesthetic appearance of a
display.

[0254] In addition, although a large-sized one having a
size of 7.6x7.6 cm or more is not necessarily adopted in a
case of an OLED element to be used in the form of a display
for a digital clock or a portable music player, for example,
the evaluation was conducted as severe testing in consider-



US 2016/0308165 A1l

ation of a possibility of producing such a large-sized one and
a case of the OLED element used in other applications.
[0255] Accordingly, in the evaluation, a case of “B” in the
evaluation criteria is an acceptable level, and a case of “A”
is a desirable level as the filler material for an OLED.

(Occurrence of Dark-Spot)

[0256] Between two kinds of the OLED elements pro-
duced in Examples and Comparative Examples, high humid-
ity and high temperature exposure testing was conducted in
which each of small-sized OLED elements was allowed to

18

Oct. 20, 2016

stand for 500 hours under an environment of temperature of
60° C. and relative humidity of 90%. After elapse of 500
hours in exposure time, light was emitted from each small-
sized OLED element, and a light-emitting state was
observed through a microscope.

[0257] One in which no dark-spot was observed in the
above-described elapsed time was taken as an acceptable
level “A,” and one in which any dark-spot was observed was
taken as “C.”

[0258] The results obtained are collectively shown in
Table 2 and Table 3 below.

TABLE 2
COMPOSITION Example 1 Example 2 Example 3 Example 4 Example 5
Hydrocarbon Ingredient material Hydrogenated =~ Hydrogenated  Hydrogenated Hydrogenated Hydrogenated
polymer 1 polyisobutylene polyisobutylene polyiscbutylene polyisobutylene polyisobutylene
Todine value <10 <10 <10 <10 <10
(g/100 g)
Mn 600 600 600 600 600
Content 50.0% 48.5% 48.5% 45.7% 45.7%
Ingredient material Hydrogenated =~ Hydrogenated  Hydrogenated Hydrogenated Hydrogenated
2 C5/C9 C5/C9 C5/C9 C5/C9 C5/C9
petroleum resin  petroleum resin  petroleum resin petroleum resin petroleum resin
Todine value <10 <10 <10 <10 <10
(g/100 g)
Mn 900 900 900 900 900
Content 25.0% 24.3% 24.3% 22.8% 22.8%
Alkyl ester of a material — — — Tri(tetrahydro-  Tri(tetrahydro-
hydrogenated product of abietic abietic
organic acid derived from a acid)glyceryl  acid)glyceryl
pine resin fraction Content — — — 5.7% 5.7%
Organometallic compound Chemical Al(OCgH )3 Al(OCgH )3 Al(OCgHg)3  Al(OCgHg);  Al(OCgHg)3
formula
Content 25.0% 24.3% 24.3% 22.8% 22.8%
Inorganic particles material — Smectite Fumed silica  Spherical silica Smectite
Mean particle — 40 nm 60 nm 15 nm 40 nm
diameter
Fractal — 1.1 1.3-1.4 1 1.1
dimension
Content — 3.0% 3.0% 3.0% 3.0%
COMPOSITION Example 6 Example 7 Example 8 Example 9
Hydrocarbon Ingredient material Hydrogenated ~ Polyisoburylene Polyisobutylene Hydrogenated
polymer 1 polyisobutylene polyisobutylene
Todine value <10 35 <10 <10
(g/100 g)
Mn 600 720 19000 600
Content 45.7% 40.8% 15.3% 73.0%
Ingredient material Hydrogenated C9  Hydrogenated — Hydrogenated —
2 petroleum resin  terpene resin  polyisobutylene
Todine value <10 <10 <10 —
(g/100 g)
Mn 600 600 400 —
Content 22.8% 30.7% 61.3% —
Alkyl ester of a hydrogenated matetial Tritetrahydro-  Tri(tetrahydro-  Tri(tetrahydro-  Tri(tetrahydro-
product of organic acid abietic abietic abietic abietic
derived from a pine resin acid)glyceryl acld)glyceryl  acid)glyceryl  acid)glyceryl
fraction Content 5.7% 5.1% 5.1% 5.1%
Organometallic Chemical Al(OC H 43 Al(OC H g);  ANOCH,g);  Ca(OCHy)»
compound formula
Content 22.8% 20.5% 15.3% 20.9%
material Fumed silica Fumed silica ~ Fumed silica ~ Fumed silica
Inorganic particles Mean 60 nm 60 nm 60 nm 60 nm
particle 1.3-14 1.3-14 1.3-14 1.3-14
3.0% 3.0% 3.0% 1.0%
COMPOSITION Example 1 Example 2 Example 3 Example 4 Example 5
Charateristics ~ Contact angle (°) SiN 27 32 34 34 40
Amount of outgassing ppm 100 100 100 100 100
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TABLE 2-continued

Total luminous Initial 95 80 93 98 93
transmittance (%) After 83 71 80 94 87
» = 350-800 nm moisture
absorption
Viscosity (Pa - s) @0.18™! 610 820 1100 700 850
@10 s 360 370 400 380 410
@1000 $1 91 20 7 78 30
Fluid non-Newtonian  non-Newtonian non-Newtonian non-Newtonian non-Newtonian
thixotropy thixotropy thixotropy thixotropy thixotropy
Evaluation Evaluation of B B A B B
results oozing and leak
Evaluation of gas bubble-like A A A A A
defect and unfilled portion
Occurrence of dark-spot B B B B B
COMPOSITION Example 6 Example 7 Example 8 Example 9
Charateristics Contact angle (°) SiN 40 33 30 25
Amount of outgassing ppm 100 100 400 200
Total luminous Initial 98 96 98 95
transmittance (%) After 91 88 94 75
A = 350-800 nm moisture
absorption
Viscosity (Pa - 5) @0.1 7 1500 900 530 240
@10 s 560 390 290 110
@1000 S 9 5 20 24
Fluid non-Newtonian  non-Newtonian non-Newtonian non-Newtonian
thixotropy thixotropy thixotropy thixotropy
Evaluation Evaluation of oozing and leak A A B B
results Evaluation of gas bubble-like A A B B
defect and unfilled portion
Occurrence of dark-spot B B B B
TABLE 3
Com- Com- Com- Com- Com-
parative  parative parative parative parative
Example  Example Example Example Example
COMPOSITION 1 2 3 4 5
Hydrocarbon Ingredient 1 material Poly- Poly- Poly Poly-
polymer Todine isobutylene isobutylene isobutylene isobutylene
value 70 40 70 40
(/100 g)
Mn 400 600 400 600
Content 100.0% 100.0% 85.7% 85.7%
Ingredient 2 material — — — —
Todine value — — — —
(¢/100 g)
Mn _ _ _ _
Content — — — —
Alkyl ester of a hydrogenated material — — — —
product of organic Content — — — —
acid derived from a pine resin fraction
Organometallic compound Chemical formula — — AI(OCH o) AI(OCZH,);  Al(OCgH, )5
Content — — 100.0% 14.3% 14.3%
Inorganic particles material — — — —
Mean particle — — — —
diameter
Fractal dimension — — — —
Content — — — —
Comparative Comparative Comparative
COMPOSITION Example 6 Example 7 Example 8
Hydrocarbon Ingredient 1 material Polyisoprene Polyisobutylene Polyisobutylene
polymer Todine value 370 <10 40
(g/100 g)
Mn 28000 20000 600
Content 85.7% 18.8% 75.0%
Ingredient 2 material — Polyisobutylene —
Todine value — 70 —

(2/100 g)
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TABLE 3-continued
Mn — 400 —
Content — 75.0% —
Alkyl ester of a hydrogenated material — — —
product of organic
acid derived from a pine resin fraction Content — — —
Organometallic compound Chemical formula Al(OCgH, 7)4 Al(OCgH, 7)3 Al;O,
Content 14.3% 6.2% 25.0%
Inorganic particles material — — —
Mean particle — — —
diameter
Fractal dimension — — —
Content — — —
Com- Com- Com- Com- Com Com- Com- Com-
parative  parative  parative  parative  parative  parative parative parative
Example Example Example Example Fxample Example Example Example
1 2 3 4 5 6 7 g
Characteristics Contact SiN 23 23 71 42 42 49 36 44
angle (°) ppm 600 200 <100 350 200 <100 500 550
Amount of Initial 94 98 96 94 94 93 91 94
outgassing After 92 98 33 69 70 77 72 66
Total moisture
luminous  absorption
transmittance
(%)
A=
350-800 nm
Viscosity ~ @0.1 S~ 0.13 0.16 230 6.8 7.1 200 90 3.0
(Pa-s) @1o0s™ 0.13 0.16 120 6.8 7.1 200 90 3.0
@1000 s7! 0.13 0.16 30 6.8 7.1 200 90 3.0
Fluid New New- New- non- New- New- New- New-
tonian tonian tonian New- tonian tonian tonian tonian
tonian
thixo-
tropy
Evaluation Evaluation of C C B C C C C C
results oozing and leak
Evaluation of gas A A C C C C C C
bubble-like defect and
unfilled portion
Occurrence of C C B C B B C B
dark-spot
[0259] As is obvious from Table 2, all of the filler mate- 6 and 7, the filler materials were able to be applied and filled

rials for an OLED in Examples were liquid at 25° C., and in
the acceptable level in the evaluation of cozing and leak of
the filler material, the evaluation of the gas bubble-like
defect and the unfilled portion, and the occurrence of the
dark-spot.

[0260] In addition, all of the filler materials for an OLED
in Examples have no curability to cause no cure even during
cure of the dam material, and are filled in keeping the liquid
state. Accordingly, in production of the OLED element, a
breakage risk of the OLED element due to cure shrinkage
can be avoided.

[0261] Thus, it was found that the filler materials for an
OLED in Examples protect the OLED element from mois-
ture, have no breakage risk of the OLED element due to the
cure shrinkage and can be applied and filled the into the
element. Moreover, it was found that the filler materials can
also be applied and filled onto the surface of the insulating
protective layer for covering the light-emitting part or the
like and formed of the inorganic substance without the gas
bubble-like defect and the unfilled portion and also without
leak and oozing.

[0262] Inparticular, in Examples 1 to 7, the filler materials
were able to be applied and filled even into the large-sized
one having the size of 7.6x7.6 cm without the gas bubble-
like defect and the unfilled portion. Further, in Examples 3,

thereinto without the gas bubble-like defect and the unfilled
portion, and also without leak or oozing.

[0263] Moreover, it was also found that the OLED in
which the dark-spot is hard to be occurred and visibility is
excellent can be produced with a low level of a breakage risk
during production and with a good production yield.
[0264] As is obvious from Table 3, all of the filler mate-
rials for an OLED in Comparative Examples were unac-
ceptable in at least one of the evaluation of oozing and leak
of the filler material, the evaluation of the gas bubble-like
defect and the unfilled portion, and the occurrence of the
dark-spot.

[0265] Having described our invention as related to the
present embodiments, it is our intention that the invention
not be limited by any of the details of the description, unless
otherwise specified, but rather be construed broadly within
its spirit and scope as set out in the accompanying claims.

REFERENCE SIGNS LIST

[0266] 1 OLED element
[0267] 2 Element substrate
[0268] 3 light-emitting part
[0269] 4 Counter substrate
[0270] 5 Dam material
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[0271] 6 Filler material

[0272] 11 Anode

[0273] 12 OLED layer

[0274] 13 Cathode

[0275] 14 Insulating protective layer
[0276] 14A,, 14A, Inorganic thin layer
[0277] 14B Flattening layer

[0278] 21 Hole injection layer
[0279] 22 Hole transport layer
[0280] 23 Light-emitting layer
[0281] 24 Electron transport layer

1. A filler material for an organic electroluminescent
element, formed of a resin composition being liquid at 25°
C., and containing a organometallic compound and a hydro-
carbon polymer having a number average molecular weight
0f 300 or more and less than 20,000, and an iodine value less
than 40 g/100 g, and having no polar group:

wherein a contact angle to silicon nitride is 10 to 40

degrees, and an amount of outgassing other than mois-
ture upon being heated at 85° C. for 1 hour is 500 ppm
or less in terms of a toluene equivalent;

at least one kind of the hydrocarbon polymer is a polymer

of cyclic unsaturated hydrocarbon or a hydrogenated
product thereof, having a number average molecular
weight of 300 or more and less than 1,000; and

the filler material is a non-Newtonian fluid at 25° C. and

at a shear rate in a region of 0.1 to 1000 S™*.

2. The filler material for the organic electroluminescent
element according to claim 1, wherein at least one kind of
the hydrocarbon polymer is hydrogenated polyisobutylene.

3. The filler material for the organic electroluminescent
element according to claim 1, wherein total luminous trans-
mittance in a wavelength region of 350 to 800 nm is 90% or
more at a path length of 25 um.

4. The filler material for the organic electroluminescent
element according to claim 3, wherein total luminous trans-
mittance in a wavelength region of 350 to 800 nm after
storage at 60° C. for 100 hours under an environment of 90%
RH is 80% or more at a path length of 25 pm.

5. The filler material for the organic electroluminescent
element according to claim 1, wherein a central metal
element of the organometallic compound is a metal element
belonging to any one of group 2 to group 4 and group 11 to
group 14 in the long periodic table of elements.
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6. The filler material for the organic electroluminescent
element according to claim 1, wherein the resin composition
contains inorganic particles having a mean particle diameter
of 10 to 60 nm in 1 mass % or more and 20 mass % or less.

7. The filler material for the organic electroluminescent
element according to claim 6, wherein a fractal dimension of
a contour line of a projected image per one particle of the
inorganic particles is larger than 1.

8. The filler material for the organic electroluminescent
element according to claim 1, wherein the resin composition
contains alkyl ester of a hydrogenated product of organic
acid derived from a pine resin fraction.

9. The filler material for the organic electroluminescent
element according to claim 1, wherein a polymer component
in the resin composition consists of a hydrocarbon polymer
having a number average molecular weight of 300 or more
and less than 20,000, and an iodine value less than 40 g/100
g, and having no polar group.

10. The filler material for the organic electroluminescent
element according to claim 1, wherein the hydrocarbon
polymer is at least one selected from the group consisting of
polyethylene, polypropylene, polyisoprene, polybutadiene,
polybutene-1, polyisobutylene, an ethylene-propylene copo-
lymer, hydrogenated polyisoprene, hydrogenated polybuta-
diene, hydrogenated polybutene-1, hydrogenated polyisobu-
tylene, terminal-hydrogenated  polyisobutylene, a
cycloolefin homopolymer, a cycloolefin copolymer, a ter-
pene resin, a hydrogenated cycloolefin homopolymer, a
hydrogenated cycloolefin copolymer, a hydrogenated ter-
pene resin, and a hydrogenated product of a copolymerized
petroleum resin between a dicyclopentadiene component
containing as a main material a C5 fraction, and an aromatic
component being a C9 fraction.

11. A method of sealing an organic electroluminescent
element, comprising at least a step of filling the filler
material for the organic electroluminescent element accord-
ing to claim 1 into an airtight vessel in which a light-emitting
part covered with an insulating protective layer is sealed.

12. The method of sealing the organic electroluminescent
element according to claim 11, wherein the insulating pro-
tective layer is formed of monolayer structure or multilayer
structure including at least one layer of an inorganic thin
layer formed of a compound containing at least a silicon
atom and a nitrogen atom.

# 0k % k&
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