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DESCRI PTI ON

ETHYLENE/ ALPHA- OLEFI N COPCLYMER AND METHOD FOR PREPARI NG THE
SAME

TECHNI CAL FI ELD

Cross-reference to Rel ated Applications

[0001] This application clains the benefit of Korean Patent
Application No. 2019-0120125, filed on Septenber 27, 2019, in
the Korean Intellectual Property Ofice, the contents of

whi ch are incorporated herein by reference.

Technical Field

[0002] The present invention relates to an ethyl ene/al pha-
olefin copol yner which has a reduced <characteristic
rel axation tinme and inproved volune resistance, and may be
usefully utilized as an insulating nmaterial, a conposition
for an encapsulant film using the sanme, and an encapsul ant

filmincluding the sane.

BACKGROUND ART

[0003] As global environnental problens, energy problens,
etc. get worse and worse, solar cells receive attention as an
energy generating nmeans wthout fear of environnenta

contanm nati on and exhausti on. If solar cells are used
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outside such as the roof of a building, generally, a nodule
type of the solar cells is used. In order to obtain a
crystalline solar cell nodule when manufacturing a solar cel

nodul e, protection sheet for solar cell nodule (surface side
protection nenber)/solar cell encapsulant/crystalline solar

cell devicel/solar cell encapsul ant/protection sheet for solar

cell nodule (back side protection nenber) are stacked in
order. In addition, when manufacturing a thin filmbased
solar cell nodule, thin filmtype solar cell devicel/solar

cell encapsul ant/protection sheet for solar cell nodule (back
side protection nenber) are stacked in order. As the
encapsul ant of the solar cell, generally, an ethylene/vinyl
acetate copolynmer or ethylene/al pha-olefin copolynmer having
excel l ent transparency, flexibility, adhesiveness, etc. is
used.

[0004] Meanwhile, the solar cell nodule is generally used at
the outside for a long tine, and defects including
perfornmance degradation due to various external stinmuli are
consi stently observed. Particularly, the resolution of
potential induced degradation (PID) phenonmenon found in high-
power ed power plant types is urgently needed.

[0005] In a large-capacity generating system for obtaining
hi gh voltage by connecting multiple solar cell nodules, the
vol une resistance of an encapsul ant decreases according to

the increase of the tenperature and humidity at an installed
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pl ace, and a potential difference is generated between the
cell of the solar cells and a frame. At last, toward the end
of an array of nultiple solar cell nobdules connected in
series, the potential difference between the cell of the
solar cells and the frane increases. In the presence of such
potential difference, |eakage current may be generated, and
generating efficiency may be rapidly reduced, and this is
call ed as PI D phenonenon.

[ 0006] Based on such backgrounds, the developnent of an
et hyl ene/ al pha-ol efin copol yner which wmy inprove volune
resi stance wthout degrading light transmttance and may

consi stently prevent PID phenonenon is required.

[0007] [Prior Art Docunent]
[ 0008] [Patent Docunent]

[ 0009] Japanese Lai d-open Patent No. 2015-211189

DI SCLOSURE OF THE | NVENTI ON
TECHNI CAL PROBLEM

[0010] An object of the present invention is to provide an
et hyl ene/ al pha-ol efin copol ymer havi ng a reduced
characteristic relaxation time and showing high volune
resi stance.

[0011] In addition, an object of the present invention is to

provi de a conposition for an encapsulant film including the
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et hyl ene/ al pha-ol efi n copol yner.

[0012] In addition, an object of the present invention is to
provi de an encapsulant filmincluding the conposition for an
encapsul ant film

[0013] In addition, an object of the present invention is to

provi de a solar cell nodule including the encapsulant film

TECHNI CAL SOLUTI ON

[0014] To solve the above tasks, the present invention
provi des an ethyl ene/al pha-olefin copolynmer satisfying the
follow ng conditions (a) to (c):

[ 0015] (a) a characteristic relaxation time (A) at 190°C in
shear rate conditions of 0.1 to 500 rad/s, is less than 10.0
ms (mllisecond);

[0016] (b) a weight average nol ecul ar weight is from 40, 000
to 150,000 g/ nol; and

[0017] (c) nol ecular weight distributionis from1.5 to 2.5.

[0018] In addition, the present invention provides a
conposition for an  encapsul ant film including the
et hyl ene/ al pha-ol efin copol yner.

[0019] In addition, the present invention provides an
encapsul ant filmincluding the conposition for an encapsul ant
film

[0020] In addition, the present invention provides a solar
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cell nodul e including the encapsul ant film

ADVANTAGEQUS EFFECTS

[0021] The ethylene/alpha-olefin copolynmer of the present
i nvention is an ethyl ene/al pha-ol efin copol ymer having a high
wei ght average nol ecul ar wei ght and narrow nol ecul ar wei ght
di stribution, and at the sanme tine, a reduced characteristic
rel axation tine. The et hyl ene/ al pha-ol efin copol yner shows
high volune resistance and has excellent I nsul ati ng
properties, and may be used in various uses in electrical and

el ectronic i ndustri es.

BEST MODE FOR CARRYI NG OUT THE | NVENTI ON

[0022] Hereinafter, the present invention will be described
in nmore detail to assist the understanding of the present

i nventi on.

[0023] It will be understood that words or terns used in the
present disclosure and clains shall not be interpreted as the
neani ng defined in commonly used dictionaries. It wll be
further wunderstood that the words or ternms should be
interpreted as having a neaning that is consistent with their
meaning in the context of the relevant art and the technical
idea of the invention, based on the principle that an

inventor may properly define the meaning of the words or
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terms to best explain the invention.

[0024] Et hyl ene/ al pha-ol efi n copol yner

[0025] The ethylene/alpha-olefin copolynmer of the present
invention 1is characterized in satisfying the follow ng
conditions (a) to (c):

[ 0026] (a) a characteristic relaxation time (A) at 190°C in
shear rate conditions of 0.1 to 500 rad/s, is less than 10.0
ms (mllisecond);

[0027] (b) a weight average nol ecul ar weight is from 40, 000
to 150,000 g/ nol; and

[0028] (c) nol ecular weight distributionis from1.5 to 2.5.

[0029] The ethylene/alpha-olefin copolynmer of the present
invention is prepared through a post processing of
continuously performng a step of dissolving a polynerization
product of ethylene and an al pha-ol efin nononmer in an organic
solvent and a step of mxing with an alcohol to form a
precipitate, as described |ater.

[0030] In the dissolving step and the precipitate-formng
step of, an ethyl ene/al pha-olefin copolyner is dissolved in
an organic solvent which is capable of achieving conplete
di ssolution, and then is slowy added to an alcohol
dropwi sely to obtain a precipitate from which a branch-type

structure part with a low nolecular weight is renoved.
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Through the post pr ocessi ng, the ethylene/al pha-olefin
copol ynmer of the present invention nmay have a characteristic
relaxation tinme reduced to | ess than a specific value, and at
the sanme tinme, a high nolecular weight and narrow nol ecul ar

wei ght distribution.

[0031] The ethylene/al pha-olefin copolymer of the present
invention is characterized in having a characteristic
relaxation time (A) at 190°C in shear rate conditions of 0.1
to 500 rad/s, of Iless than 10.0 ns (mllisecond). The
characteristic relaxation tine may be less than 10.0 ns,
particularly, less than 9.5 ns, less than 9.3 ns, and 1.0 ns
or nore.

[0032] The characteristic relaxation tine neans a tinme for
restoring an equilibrium state of the stress in a polyner
after applying a constant deformation to a polyner. The
characteristic relaxation tinme is related to the entangl enent
structure of the polyner. If the polymer has a |ong-chain
branch, the chain entangl enent may increase, and this becones
a factor of increasing the characteristic relaxation tine.
That is, the reduction of the characteristic relaxation tine
of the polynmer means the reduction of the entangl ement degree
of a chain, and is interpreted as the renoval of a portion of
a branch-type structure in the polynmer or the deformation

into a linear structure, so as to reduce a branch-type



10

15

20

25

structure.

[0033] While polynerizing ethylene and an alpha-olefin
mononer, both a low nolecular weight region and a high
nol ecul ar weight region are forned in a copolyner, and the
low molecular weight region among them 1is produced by p-
hydride elimnation and early termnation through the
insertion of a large anount of the al pha-olefin nononer into
a main chain. Accordingly, the |low nolecular weight region
may have a |ow nol ecular weight and a structure with a high
degree of branchi ng.

[0034] The branch-type structure increases the free volune
of a polyner, inhibits the formation of a crystal and induces
the reduction of volume resistance. In order to increase the
vol une resistance, it is inportant to renove a region having
a low nolecular weight and a high degree of branching in a
copol yner.

[0035] In the present invention, by dissolving the polyner
product of ethylene and an al pha-olefin nononer and then
precipitating in an alcohol which is a poor solvent, a high
nmol ecul ar weight region in a copolyner is precipitated in the
al cohol, a low nolecular weight region is dissolved in the
al cohol, and the separation is achieved. That is, the
et hyl ene/ al pha-ol efin copolyner of +the present invention
obt ai ns the hi gh nol ecul ar wei ght portion precipitated in the

al cohol as a final product. This contains a small anount of
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a branch-type structure as described above, serves a pol yner
wth a small free volunme and show ng excellent volune
resistance wth a structure in which the novenent of

electrons or ions is limted.

[0036] The ethylenel/al pha-olefin copolynmer of the present
invention is characterized in having (b) a weight average
nol ecul ar weight of 40,000 to 150,000 g/nol, and (c)
nol ecul ar weight distribution of 1.5 to 2.5.

[0037] In addition, the weight average nol ecul ar wei ght nay
be 40,000 to 150,000 g/nol, particularly, 40,000 g/nol or
nore, 41,000 g/nmol or nore, 42,000 g/nol or nore, 43,000
g/ mol or nore, 44,000 g/nol or nore, and 150,000 g/nol or
| ess, 130,000 g/nmol or less, 100,000 g/nol or |ess.

[0038] In addition, the nolecular weight distribution (MAD)
may be 1.5 to 2.5, particularly, 1.50 or nore, 1.80 or nore,
and 2.50 or less, 2.40 or less, 2.30 or less, 2.25 or |ess.
[0039] The weight average nolecular weight (Md) and the
nunber average nolecular weight (M) are polystyrene
conversion nolecular weights analyzed by gel perneation
chromat ography (GPC), and the nol ecular weight distribution
may be cal culated fromthe ratio of Mw M.

[0040] Cenerally, if two or nore types of nononers are
pol ynmeri zed, for exanple, if ethylene and an alpha-olefin

nononer are polynerized to prepare a copolymer, according to
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the internal tenperature gradient of a reactor, termnation
rate may be changed, and side reactions including beta-
hydride elimnation nay be generated. Accordingly, a branch-
type structure is forned in a polynmer, a | ow nol ecul ar wei ght
chain is produced, and the wdening of nolecular weight
distribution is difficult to control, and the characteristic
rel axation time of a polynmer increases. Therefore, there are
problenms of reducing the inpact strength and nechani cal
properties of a copol yner and i nduci ng bl ocki ng phenonenon.
[0041]] On the contrary, the copolyner of the present
invention has a high nolecular weight and shows narrow
nol ecul ar weight distribution and a reduced characteristic
rel axation tine at the sane tinme, by renoving a | ow nol ecul ar
wei ght portion of a branch-type structure through processes
of dissolving in an organic solvent and precipitating in an
al cohol as described above.

[0042] Meanwhile, the copolyner of the present invention is
characterized in having a short <characteristic relaxation
time and at the sane tine, a high weight average nol ecul ar
wei ght and narrow nol ecul ar wei ght distribution, and through
this, excellent volune resistance may be achi eved.

[0043] For exanple, though nol ecular weight distribution is
narrow, if a majority of a branch-type structure is included
in a copolynmer, the characteristic relaxation tine of the

copol ymer may increase, and such structural characteristics

10 °
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represent a large free volune in the copolyner and becone a
factor degrading volunme resistance. |In addition, even though
linearity is high, and a characteristic relaxation time is
short, if a copol yner shows w de nolecular wei ght
di stribution, a | ow nol ecul ar wei ght region may be included a
|l ot, and due to high charge in a | ow nol ecul ar wei ght region,

vol une resistance may decrease.

[0044] In the present invention, the ethylenel/al pha-olefin
copol ynmer may have a density neasured according to ASTM D 792
of 0.850 to 0.910 g¢/cc. Particularly, the density may be
0.850 g/cc or nore, 0.855 g/cc or nore, 0.860 g/cc or nore,
or 0.865 g/cc or nore, and 0.910 g/cc or less, 0.900 g/cc or
| ess, 0.890 g/cc or |ess.

[0045] In the present invention, the ethylene/al pha-olefin
copol ynmer may have a nelt index (M2 16 190°C, 2.16 kg | oad
conditions) of 0.1 to 50 g/10 mn. Particularly, the nelt
index may be 0.1 ¢g/10 mn or nore, 1 g/10 mn or nore, 1.5
g/10 mn or nore, 2.0 g/10 mn or nore, and 50 g/10 mn or
|l ess, 40.0 g/10 mn or less, 35.0 g/10 mn or less, 30.0 g/10

mn or |ess.

[0046] In the ethylene/al pha-olefin copolyner, the alpha-
olefin is derived from an al pha-olefin nononmer which is a

comononer, and nay be an al pha-olefin nononer of 4 to 20
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carbon atons. Particular exanples may include propylene, 1-
but ene, 1-pentene, 4-nethyl-1-pentene, 1-hexene, 1-heptene,
1-octene, 1-decene, 1-undecene, 1-dodecene, 1-tetradecene, 1-
hexadecene, 1-eicosene, etc., and any one anong them or
m xtures of two or nore thereof may be used.

[0047] Anobng them the al pha-olefin nononer nmay be 1-butene,
1- hexene or 1-octene, nost preferably, 1-butene.

[0048] In addition, in the ethylene/al pha-ol efin copol yner,
the alpha-olefin content may be suitably selected in the
range satisfying the physical <conditions, particularly,
greater than 0 mol% 99 nol% or less, or 10 to 50 nol %

without limtation.

[0049] Method for preparing ethyl ene/al pha-ol efin copol yner

[0050] The nethod for preparing an ethylene/alpha-olefin
copolynmer of the present invention is characterized in
including (S1) a step of preparing a polynerization product
of ethylene and an alpha-olefin nononer; (S2) a step of
di ssolving the polynerization product in an organic solvent;
and (S3) a step of mxing with an alcohol of 2 to 5 carbon

atons to forma precipitate.

[0051] Step (S1)
[0052] Step (S1) is a step for preparing a polynerization

product of ethylene and an al pha-ol efin nononer.
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[ 0053] The polynerization product nay be used including the
meani ng  of both a conposition in a state of an
et hyl ene/ al pha-ol efin copol ymer after per form ng t he
pol ymeri zation reaction of ethylene and an alpha-olefin
nononer W t hout separation or purification, or a solid phase
obtained by separating only an ethylene/al pha-olefin
copol yner after polynerization.

[0054] If the polynerization product is the conposition of
an ethyl ene/ al pha-olefin copolyner after performng the
pol ynmeri zation reaction of ethylene and an alpha-olefin
nononmer Wi t hout separation or purification, unr eact ed

et hyl ene, unreacted al pha-ol efin nononmer, a catal yst used for

pol yneri zation, etc., may be included in addition to the
et hyl ene/ al pha-ol efin copol yner pr epar ed by t he
pol ymeri zation reaction. |In addition, if the polynerization

of the -ethylene and alpha-olefin nononmer is solution
pol ymeri zation, the polynerization product may include all
the above-described materials and may include a hydrocarbon
solvent used for polynerization. In this case, the
et hyl ene/ al pha-ol efin copolyner nay be partially or entirely
swelled in the polynerization product, and the remainder nay
be present in a dispersed state in a hydrocarbon sol vent.

[0055] In addition, if the polynerization product is the
solid phase obtained by separating only an ethyl ene/al pha-

ol efin copolyner after polynerization, in order to prepare
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the pol ynerization product, a nethod of preparing by directly
pol ymerizing ethylene and an alpha-olefin nononer and
renmoving a solvent, unreacted reactants, etc., or a method of
pur chasi ng a commercially avai |l abl e solid phase

et hyl ene/ al pha-ol efin copol yner may be used.

[0056] The nethod used for polynerizing the ethylene and
al pha-olefin nononmer is not limted. For exanple, the
pol ynmeri zation reaction may be performed using a catalyst
conmposition including a known transition nmetal conpound and a
co-catal yst through common reaction conditions and net hods.

[0057] For exanple, in the presence of an organic sol vent,
slurry polynerization by which a nononer of gas or liquid is
supplied and polynerization is performed, bul k polynerization
by which polynerization is perforned in the presence of a
liquid nononer , gas- phase pol yneri zati on by whi ch
pol ymeri zation is perfornmed in the presence of a gas-phase
nononer, etc. my be wused, a polynerization nethod of
conti nuous or batch type is not limted, and polynerization
condi tions such as polynerization tenperature or pressure nay

be suitably controlled by a skilled person.

[0058] Step (S2)
[0059] Step (S2) is a step of dissolving the polynerization

product in an organic solvent and is a step for dissolving an
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et hyl ene/ al pha-ol efin copolyner present in a swelled state or
a solid phase in the polynerization product. In order to
maxi mze the renoving effects of a |ow nolecular weight
fraction through alcohol precipitation in step (S3), the
et hyl ene/ al pha-ol efin copolynmer in a swelled or solid state,
not dissolved in a solution is required to undergo first a
step of being dissolved to rel ease a chain.

[0060] In respect of preferably acconplish the object, the
organic solvent may preferably be a conmpound of 7 to 16
carbon atons. |If the carbon nunber of the organic solvent is
6 or less, the solubility with respect to the ethyl ene/al pha-
ol efin copolyner may be insufficient, and the boiling point
of the organic solvent is |lower than the ethylene/alpha-
ol efin copolyner, and thus, it is apprehended that defects of
drying the organic solvent may arise according to the
tenperature performng step (S2). In addition, if the carbon
nunber of the organic solvent is 17 or nore, the organic
solvent may be present in a solid state at room tenperature,
and defects of difficult dissolution of the ethylene/al pha-
ol efin copol yner may ari se.

[0061] The organic solvent may be one or nore selected from
the group consisting of heptane, octane, isooctane, toluene,
xyl ene and cunene, and nay preferably be heptane, w thout

[imtation.

15 °
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[0062] Step (S3)

[0063] Step (S3) is a step of mxing wwth an al cohol of 2 to
5 carbon atons to form a precipitate, and is for renoving a
| ow nmol ecul ar wei ght fraction in t he di ssol ved
et hyl ene/ al pha-ol efin  copol yner and obtaining a high
nol ecul ar wei ght fraction as a precipitate.

[0064] From the high nolecular weight fraction precipitated
in the alcohol, portions including a |arge anmount of |ow
nol ecul ar wei ght and branch-type chain in the ethyl ene/ al pha-
olefin copolyner were renoved when conpared wth the
pol ynmeri zation product prior to performng steps (S2) and
(S3). Accordingly, the copolyner thus obtained includes a

| ess free volunme and has inproved vol une resistance.

[0065] The al cohol of 2 to 5 carbon atons may be one or nore
selected from the group consisting of ethanol, propan-1-ol
pr opan- 2-ol , but an- 1- ol , but a- 2- ol , 2- et hyl pr opan- 2- ol ,
pent an-1-ol, pentan-2-ol, pentan-3-ol, 2-nethylbutan-2-o0l and
3-net hyl butan-2-ol, wthout Ilimtation. Preferably, the
al cohol of 2 to 5 carbon atons may be propan-2-ol or butan-2-
ol, nore preferably, propan-2-ol (isopropyl alcohol).

[0066] The nethanol of 1 carbon atom is a non-solvent and
has insignificant effects of renoving a | ow nol ecul ar wei ght
portion, and an alcohol of 6 or nore carbon atons has

excessively good solubility with the copol yner, and dissol ves
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even a high nol ecul ar weight portion. Accordingly, defects
of reducing the yield for obtaining only a high nolecular
wei ght portion of the ethyl ene/al pha-olefin copolynmer through

precipitation may be generated.

[0067] In the present invention, step (S2) and step (S3) may
be alternately repeatedly performed by twice to five tines.
Preferably, step (S2) and step (S3) nay be alternately
repeatedly perfornmed by four tinmes or five tines. Here, the
alternate repeated perfornmance by tw ce neans perform ng step
(S2), step (S3), step (S2) and step (S3) in order, and the
alternate repeated performance by four tinmes neans performng
step (S2), step (S3), step (S2), step (S3), step (S2), step
(S3), step (S2) and step (S3) in order.

[0068] If the nunber of alternate repeating of step (S2) and
step (S3) increases, a low nolecular weight fraction not
renoved may be dissolved and renoved, but if the washing
nunber is six tinmes or nore, significant change of the
nol ecul ar weight distribution or volune resistance is not
shown. Considering washing effects and economc feasibility,

t he washi ng nunber may preferably be four tines or five tines.

step (S2) and step (S3) may be alternately repeatedly
performed by twice to five tines.

[0069] Conposition for encapsulant filmand encapsul ant film
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[0070] The ethylene/alpha-olefin copolynmer of the present
invention may be prepared into a resin conposition by
including an additional material, and the resin conposition
may be utilized as various nolded articles by nolding by an
i njection or extrusion nethod. Particularly, the copolyner
may be used as an encapsul ant for encapsulating a device in
vari ous optoel ectronic devices, for exanple, may be used as
an industrial material which may be applied in a |am nation
process with heating, but the use thereof is not limted
t her et 0.

[0071] Particularly, the ethylenel/al pha-olefin copolyner of
the present invention nay be processed as a conposition for
an encapsulant film for exanple, a silane nodified resin
conposition or an amno silane nodified resin conposition may

be prepared.

[0072] Particularly, the conposition for an encapsulant film
may include a known crosslinking agent, crosslinki ng
auxiliary agent, silane coupling agent, etc., in addition to
t he et hyl ene/ al pha-ol efin copol yner.

[0073] The crosslinking agent is a radical initiator in the
preparation step of the silane nodified resin conposition
and may play the role of initiating graft reaction of an
unsaturated silane conposition onto a resin conposition. In

addition, by formng a crosslinking bond in the silane

18 °
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nodi fied resin conposition, or between the silane nodified
resin conposition and an unnodified resin conposition during
a lam nation step for manufacturing an optoel ectronic device,

the heat resistant durability of a final product, for exanple,
an encapsul ant sheet may be inproved.

[0074] The crosslinking agent nay use various crosslinking
agents well-known in this technical field only if it is a
crosslinking conpound capable of initiating the radical

pol ynmeri zation of a vinyl group or formng a crosslinking
bond, for exanple, one or two or nore selected fromthe group
consi sting of organic peroxides, hydroxyl peroxides and azo
compounds.

[0075] Particularly, one or nore selected from the group
consi sting of dialkyl peroxides such as t-butyl cunyl peroxi de,

di -t-butyl peroxide, di-cunyl peroxide, 2,5-dinethyl-2,5-

di (t-butyl peroxy) hexane, and 2,5-dinmethyl-2,5-di(t-

but yl per oxy) - 3- hexyne; hydr oper oxi des such as cunene

hydr oper oxi de, di i sopropyl benzene  hydroperoxi de, 2, 5-

di met hyl - 2, 5- di (hydr oper oxy) hexane, and t - butyl
hydr oper oxi de; di acyl per oxi des such as bi s-3, 5, 5-
tri met hyl hexanoyl per oxi de, oct anoyl per oxi de, benzoyl

per oxi de, o-nethyl benzoyl peroxide, and 2, 4-dichlorobenzoyl
per oxi de; peroxy esters such as t-butyl peroxy isobutyrate, t-
but yl per oxy acet at e, t - but yl per oxy- 2- et hyl hexyl car bonat e

( TBEC) , t - but yl per oxy- 2- et hyl hexanoat e, t - but yl per oxy
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pyval at e, t - but yl per oxy oct oat e, t - but yl per oxyi sopr opyl
carbonate, t-butyl peroxybenzoate, di-t-butylperoxyphthal ate,
2, 5-di net hyl -2, 5-di (benzoyl peroxy) hexane, and 2,5-dinethyl -
2, 5-di (benzoyl peroxy) - 3-hexyne; ketone peroxides such as
met hyl ethyl Kketone peroxide, cyclohexanone peroxide, and
l auryl per oxi de, and azo compounds such as
azobi si sobutyronitrile and azobi s(2, 4-di met hyl val eronitrile),
may be used, without limtation.

[0076] The organic peroxide may be an organic peroxide
having a one-hour half-life tenperature of 120 to 135°C, for
exanple, 120 to 130°C, 120 to 125°C, preferably, 121°C. The
“one-hour half-life tenperature” means a tenperature at which
the half-life of the crosslinking agent beconmes one hour.
According to the one-hour hal f-1ife tenperature, t he
tenperature at whi ch  radi cal initiation reaction s
efficiently performed may becone different. Therefore, in
case of using the organic peroxide having the one-hour half-
life tenperature in the above-described range, radical
initiation reaction, that is, crosslinking reaction in a
| am nation process t enperat ure for manuf act uri ng an
opt oel ectroni c device nmay be effectively perforned.

[0077] The crosslinking agent may be included in an anount
of 0.01 to 1 parts by weight, for exanple, 0.05 to 0.55 parts
by weight, 0.1 to 0.5 parts by weight or 0.15 to 0.45 parts

by wei ght based on 100 parts by weight of the conposition for
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an encapsulant film If the crosslinking agent is included
in less than 0.01 parts by weight, heat resistance properties
may be insignificant, and if the anpbunt is greater than 1
part by weight, the noldability of an encapsulant film is
deteriorated, problens generating process |imtation may
arise, and physical properties of an encapsulant may be

i nfl uenced.

[0078] In addition, the conposition for an encapsulant film
may include a crosslinking auxiliary agent in addition to the
crosslinking agent. By including the crosslinking auxiliary
agent, the crosslinking degree in the conposition for an
encapsulant film by the crosslinking agent nmay be increased,

and accordingly, the heat resistant durability of a final

product, for exanple, an encapsul ant sheet nay be inproved
even further.

[0079] The crosslinking auxiliary agent nmay use various
crosslinking auxiliary agents well-known in this technical

field, for exanple, a conpound containing at |east one or
nore unsaturated groups such as an allyl group and a
(met h)acryl oxy group nay be used.

[ 0080] The conpound containing the allyl group may include,

for exanple, a polyallyl conmpound such as triallyl

i socyanurate (TAIC), triallyl cyanurate, diallyl phthalate,

diallyl fumarate and diallyl naleate, and the conpound
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cont ai ni ng t he (et h) acryl oxy gr oup may i ncl ude a
pol y( et h) acryl oxy conpound such as et hyl ene gl yco

di acryl ate, et hyl ene gl ycol di met hacryl at e, and
trimethyl ol propane trinethacryate, without [imtation

[0081] The crosslinking auxiliary agent may be included in
an amount of 0.01 to 0.5 parts by weight, for exanple, 0.01
to 0.3 parts by weight, 0.015 to 0.2 parts by weight, or
0.016 to 0.16 parts by weight based on 100 parts by wei ght of
the conposition for an encapsulant film |If the crosslinking
auxiliary agent is included in less than 0.01 parts by wei ght,
the inproving effects of heat resistance properties may be
insignificant, and if the anount is greater than 0.5 parts by
wei ght, problens of affecting the physical properties of a
final product, for exanple, an encapsulant film my be

generated, and the production cost may increase.

[0082] In addition, the conposition for an encapsulant film
may additionally include a silane coupling agent in addition
to the ethylene/alpha-olefin copolynmer, the crosslinking
agent and the crosslinking auxiliary agent.

[0083] The silane coupling agent nay use, for exanple, one
or more selected from the group consisting of N-(pR-
aminoethyl)-y—aminopropyltrimethoxysilane, N-(f-aminoethyl)-
y—aminopropylmethyldimethoxysilane, o

aminopropyltriethoxysilane, y-glycidoxypropyltrimethoxysilane,
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and y-methacryloxypropyltrimethoxysilane (MEMO) .

[0084] The silane coupling agent may be included in 0.1 to 1
parts by weight based on 100 parts by weight of the
conposition for an encapsulant film [|If the anmpunt used is
| ess than 0.1 parts by wei ght, adhesiveness with glass during
manufacturing a solar cell nodule may becone poor, and water

penetration nmay becone easy, and thus, the long-term

performance of the nodule may not be secured. |[If the anount
is nmore than 1 part by weight, it acts as an increasing
factor of Y.l, undesirably.

[0085] In addition, the conposition of an encapsulant film
may additionally include an unsaturated silane conpound and
an am no silane conpound.

[0086] The unsaturated silane conpound nmay be grafted into a
main chain including the polynerization unit of the nononer
of the ethylene/alpha-olefin copolynmer of the present
invention in the presence of a radical initiator, etc., and
included in a polynerized type in a silane nodified resin

conposition or an am no silane nodified resin conposition.

[0087] The unsat ur at ed si |l ane conpound may be
vi nyl tri met hoxy si | ane, vinyl triethoxy si | ane,
vinyl tri propoxy si | ane, vinyltriisopropoxy si | ane,
vi nyl tri but oxy si | ane, vi nyl tri pent oxy si | ane,

vinyl tri phenoxy silane, or vinyltriacetoxy silane, and in an
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enbodi nent, vinyltrinmethoxy silane or vinyltriethoxy silane
may be used anong them wthout limtation.

[0088] In addition, the am no silane conpound nay act as a
catal yst for pronoting hydrolysis reaction for converting an
unsaturated silane conpound grafted in the main chain of the
copol yner, for exanple, a reactive functional group such as
the al koxy group of vinyltriethoxy silane into a hydroxyl
gr oup in t he grafting nodi fication step of t he
et hyl ene/ al pha-ol efin copolyner, to inprove the adhesive
strength of upper and |ower glass substrates or with a back
sheet conposed of a fluorine resin, etc. In addition, the
am no silane conpound rmay be directly involved as a reactant
in copolynerization reaction and nay provide an amno
nodified resin conposition with a noiety having an am ne
functional group.

[0089] The amno silane conmpound is a silane conpound
including an amne group and is not specifically limted as
long as it is a primary amne or a secondary am ne. For
exanpl e, t he am no si |l ane conpound may use
am notri al koxysi | ane, am nodi al koxysi | ane, etc., and exanpl es

may include one or nore selected fromthe group consisting of

3- am nopropyl tri net hoxysi | ane (APTMS) , 3-
am nopropyl triethoxysil ane (APTES) , bi s[ ( 3-
triethoxysilyl)propyl]am ne, bi s[ ( 3-
trimet hoxysilyl)propyl]am ne, 3-
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am nopr opyl net hyl di et hoxysi | ane, 3-

am nopr opyl met hyl di met hoxysi | ane, N[ 3-

(trimethoxysilyl)propyl]ethyl enedi am ne (DAS),

am noet hyl am nopropyl tri et hoxysi | ane,

am noet hyl am nopr opyl net hyl di met hoxysi | ane,

am noet hyl am nopr opyl net hyl di et hoxysi | ane,

am noet hyl am nonet hyl tri et hoxysi | ane,

am noet hyl am nomnet hyl net hyl di et hoxysi | ane,

di et hyl enetri am nopropyl tri net hoxysil ane,

di et hyl enetri am nopropyl tri et hoxysil ane,

di et hyl enetri am nopropyl net hyl di met hoxysi | ane,

di et hyl eneam nonet hyl net hyl di et hoxysi | ane, (N
phenyl am no) et hyl t ri met hoxysi | ane, (N
phenyl am no) et hyl tri et hoxysi | ane, (N
phenyl am no) net hyl net hyl di net hoxysi | ane, (N
phenyl am no) net hyl net hyl di et hoxysi | ane, 3- (N
phenyl am no) pr opyl tri nmet hoxysi | ane, 3- (N
phenyl am no) propyl tri et hoxysi | ane, 3- (N
phenyl am no) pr opyl net hyl di met hoxysi | ane, 3- (N
phenyl am no) pr opyl net hyl di et hoxysi | ane, and N (N-butyl)- 3-

am nopropyl tri nmet hoxysi | ane.

The am no silane conpound may

be used alone or as a m xture type.

[ 0090] The anmpunts of the unsaturated silane conpound and/ or

the ami no silane conpound are not specifically limted.
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[0091] In addition, the conposition for an encapsulant film
may additionally include one or nore additives selected from
a light stabilizer, a UV absorbent and a thernal stabilizer

as necessary.

[0092] The light stabilizer may capture the active species
of the photothermal initiation of a resin to prevent

phot ooxi dation according to the use applied of the
conmposition. The type of the light stabilizer used is not

specifically limted, and for exanple, known conmpounds such
as a hindered am ne-based conpound and a hi ndered pi peridi ne-

based conmpound nmay be used.

[0093] The UV absorbent absorbs ultraviolet rays from the
sunlight, etc. and transforminto harm ess thernmal energy in
a nolecule, and may play the role of preventing the
excitation of the active species of photothermal initiation
in the resin conposition. Particular types of the W
absorbent used are not specifically limted, and for exanple,

one or a mxture of two or nore of benzophenone-based,

benzotri azol e-based, acrylnitrile-based, netal conpl ex-based,

hi nder ed am ne- based, i norgani c i ncl udi ng ultrafine
particulate titanium oxide and ultrafine particulate zinc
oxi de UV absorbents, etc. may be used.

[0094] In addition, the thermal stabilizer my include a
phosphor - based thernmal stabilizer such as tris(2,4-di-tert-

but yl phenyl ) phosphite, phosphorous acid, bis[2,4-bis(1,1-
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di met hyl et hyl ) - 6- net hyl phenyl ] et hyl ester, tetrakis(2,4-di-
tert-butyl phenyl)[1, 1- bi phenyl]-4, 4" -diyl bi sphosphonate and
bis(2,4-di-tert-butyl phenyl)pentaerythritol diphosphite; and
a lactone-based thermal stabilizer such as the reaction
product of 8-hydroxy-5,7-di-tert-butyl-furan-2-on and o-
xyl ene, and one or two or nore of them may be used.

[0095] The ampunts of the light stabilizer, UV absorbent
and/or thermal stabilizer are not specifically limted. That
is, the anpbunts of the additives may be suitably selected
considering the use of the resin conposition, the shape or
density of the additives, etc. GCenerally, the anobunts nmay be
suitably controlled in a range of 0.01 to 5 parts by weight
based on 100 parts by weight of the total solid content of
the conposition for an encapsulant film

[0096] In addition, the conposition for an encapsulant film
of the present invention may additionally include various
additives well-known in this art according to the use of the

resin conmponent applied in addition to the above conponents.

[0097] In addition, the present invention provides an
encapsul ant filmincluding the conposition for an encapsul ant
film

[0098] The encapsulant film of the present invention nmay be
prepared by nolding the conposition for an encapsulant film

into a film or sheet shape. The nolding nethod is not
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specifically limted, for exanple, a sheet or a film nay be
formed by a comon process such as a T die process and
extrusion. For exanple, the manufacture of the encapsul ant
filmmay be perforned in situ using an apparatus in which the
preparation of a nodified resin conposition wusing the
conmposition for an encapsulant filmand a process for formng
a filmor a sheet are connect ed.

[0099] The thickness of the encapsulant film may be
controlled to about 10 to 2,000 um, or about 100 to 1,250 um
consi deri ng t he supporting ef ficiency and br eaki ng
possibility of a device in an optoelectronic device, the
reduction of the weight or workability of the device, and may

be changed according to the particular use thereof.

[ 00100] Sol ar cell nodul e

[00101] In addition, the present invention provides a solar
cell nodule including the encapsulant film In the present
i nvention, the solar cell nodule may have a configuration in
whi ch the gaps between the solar cells disposed in series or
in parallel are filled with the encapsulant film of the
present invention, a glass surface is disposed on a side
where the sunlight strikes, and a backside is protected by a
back sheet, but is not limted thereto. Various types and
shapes of the solar cell nodules manufactured by including

the encapsulant filmin this technical field nmay be applied
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in the present invention.

[00102] The glass surface my use tenpered glass for
protecting the solar cells from external I npact and
preventing breaking, and may use low iron tenpered glass
having low iron content to prevent the reflection of the
sunlight and to increase the transmttance of the sunlight,
wi thout |imtation.

[ 00103] The back sheet is a climte-resistant filmprotecting
the backside of the solar cell nodule from exterior, for
exanpl e, a fluorine-based resin sheet, a netal plate or netal
film such as alum num a cyclic olefin-based resin sheet, a
pol ycar bonat e-based resin sheet, a poly(neth)acryl-based
resin sheet, a pol yam de-based resin sheet, a pol yester-based
resin sheet, a l|lamnated conposite sheet of a climte-
resistant filmand a barrier film etc., wthout limtation.
[00104] Besides, the solar cell nodule of the present
invention may be nmanufactured by any nethods well-known in
this technical field only if including the encapsulant film
wi thout [imtation.

[00105] The solar cell nodule of the present invention is
manuf actured wusing an encapsulant film having excellent
vol une resistance, and the | eakage of current outside through
the novenent of electrons in the solar cell nodule nay be
prevented through the encapsulant film Accordi ngly,

potential induced degradation phenonenon (PID) by which
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insulation is degraded, |eakage current is generated, and the
output of the nmodule is rapidly degraded, may be largely

restrai ned.

[00106] Exanpl es

[ 00107] Hereinafter, the present invention will be explained
in nmore detail referring to enbodinents. However, the
enbodi nents are provided only for illustration, and the scope

of the present invention is not limted thereto.

[ 00108] Preparation of Catalyst

[00109] (1) Preparation of |igand conpound

[00110] <Synthesis of N-tert-butyl-1-(1, 2-di net hyl - 3H
benzo[ b] cycl opent a[ d] t hi ophen-3-yl)-1, 1-di net hyl si | anam ne>
[00111] To a 100 m schlenk flask, 4.65 g (15.88 mol) of
chl oro(1, 2-di net hyl -6, 7-di hydr o- 3H

benzo[ b] cycl opent a[ d] t hi ophene- 3-yl ) di net hyl si | ane was
wei ghed and added, and 80 ml of THF was injected thereto. At
roomtenperature, tBuNH (4 eq, 6.68 m) was injected thereto
and reacted at room tenperature for 3 days. After finishing
the reaction, THF was renoved, and the resultant reaction
product was filtered with hexane. After drying solvents,
4.50 g (86% of a yellow |iquid was obtai ned.

[00112] 'H NVR(in CDd g3, 500 MHz): & 7.99(d, 1H), & 7.83(d,

1H), © 7.35(dd, 1H), o 7.24(dd, 1H), o 3.49(s, 1H), & 2.37(s,
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3H), & 2.17(s, 3H), & 1.27(s, 9H), © 0.19(s, 3H), o -0.17 (s,
3H)
[00113] (2) Preparation of transition netal conpound

[00114] [Formula 1]

[00115] To a 50 m schlenk flask, the ligand conpound (1.06 g,
3.22 mol /1.0 eq) and 16.0 mM (0.2 M of MIBE were put and
stirred first. n-BuLi (2.64 nm, 6.60 mMmvl/2.05 eq, 2.5 Min
THF) was added thereto at -40°C and reacted at room
tenperature overnight. After that, MeMBr (2.68 m, 8.05
mol /2.5 eq, 3.0 Min diethyl ether) was slowy added thereto
dropwisely at -40°C, and Tilg4 (2.68 m, 3.22 mol/1.0 eq

1.0 Min toluene) was put in order, followed by reacting at
room tenperature overnight. After that, the reaction mxture
was passed through celite using hexane for filtration. After

dying the solvents, 1.07 g (82% of a brown solid was
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obt ai ned.

[00116] H-NMR(in CDO 3, 500 MHz): & 7.99(d, 1H), & 7.68(d,
1H), & 7.40(dd, 1H), & 7.30(dd, 1H), & 3.22(s, 1H), & 2.67 (s,
3H), & 2.05(s, 3H), o 1.54(s, 9H), & 0.58(s, 3H), & 0.57(s,

3H), & 0.40(s, 3H), d& -0.45(s, 3H).

[00117] Preparation Exanple 1

[00118] While injecting a hexane solvent in 5.00 kg/h and 1-
butene in 1.30 kg/h, a 1.5 L continuous process reactor was
pre-heated at 120°C. A triisobutylalumnum (Tibal, 60
pmol /mn), the transition nmetal conpound of [Formula 1] (0.35
pmol/min) and a dimethylanilinium
tetrakis (pentafluorophenyl)borate co-catalyst (1.05 umol/min)
were injected into the reactor at the sane tinme. Then, into
the reactor, ethylene (0.87 kg/h) and a hydrogen gas (20
cc/mn) were injected and copolynerization reaction was
continuously carried out while maintaining a pressure of 89
bar and 150°C for 60 mnutes or nore to prepare a copol yner.
After drying for 12 hours or nore in a vacuum oven, an
et hyl ene/ al pha-ol efi n copol yner was prepar ed.

[00119] Preparation Exanples 2 to 8

[ 00120] Et hyl ene/ al pha-ol efin copol yners were prepared by the
same nmethod as in Preparation Exanple 1 except for changing
pol ynmeri zation conditions as shown in Table 1 bel ow.

[00121] [Table 1]
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2 Al pha-ol efin Cat . Co-cat . Ti bal Sol vent .POI yneri zat
ion tenp.
kg/h Type kg/h pmol/min iu:Ol/m kg/h °C
Preparati on 0.87 1-c4 1.30 0. 35 1.05 60 5.00 150
Exanple 1
Preparati on 0.87 1-c4 0.90 0. 15 0. 45 20 5.00 140
Exanpl e 2
Preparati on 0.87 1-c4 0. 90 0. 25 0.75 30 7.00 150
Exanpl e 3
Preparati on 0.87 1-c4 1.00 0. 20 0. 60 30 5.00 145
Exanpl e 4
Pr epar ati on 0.87 1-c4 1.50 0. 44 1.32 30 4.65 160
Exanpl e 5
Pr epar ati on 0.87 1-c8 0. 48 0. 48 0. 43 30 5.00 160
Exanpl e 6
Preparation 0.87 1-c8 0.50 0.55 1.65 30 5.00 160
Exanmple 7
Preparation 0.87 1-c8 1.30 0.70 2.10 60 4.00 160
Exanpl e 8

[00122] Exanple 1

[00123] Step (S2)

[00124] 20 g of the ethylene/alpha-olefin copolynmer of
Preparation Exanple 1 and 400 m of heptane were mxed to
prepare a conposition and stirred at 80°C until a copol yner
was conpl et ed di ssol ved and becane transparent with the naked
eye.

[00125] Step (S3)

[00126] After reducing the tenperature to room tenperature,
the transparent conposition was added dropwisely to 1.4 L of
i sopropyl alcohol while stirring. After finishing the
dropwi se addition, a liquid phase portion was renoved, and a
precipitate solid phase was separated and dried in vacuum at
110°C for 48 hours.

[00127] Step (S2) and step (S3) were alternately repeatedly

performed four tinmes to prepare an ethylene/al pha-olefin
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copol yner.

[00128] Exanples 2 to 8, and Conparative Exanples 1 to 8

[00129] Et hyl ene/ al pha-ol efin copol yners were prepared by the

same nmethod as in Exanple 1 except for changing the type of

5 the ethylene/al pha-olefin copolyner and the nunber of

performng step (S2) and step (S3) as in Table 2 bel ow
[00130] [Table 2]

Et hyl ene/ al pha-ol efin Nunber of step | Nunber of step
copol ymer (S2) (S3)
Exanple 1 Preparation Exanple 1 4 4
Exanpl e 2 Preparati on Example 2 4 4
Exanple 3 Preparation Exanple 3 4 4
Exanpl e 4-1 Preparati on Exanple 4 3 3
Exanpl e 4-2 Preparation Exanple 4 4 4
Exanpl e 5-1 Preparati on Exanple 5 1 1
Exanpl e 5-2 Preparation Exanple 5 2 2
Exanpl e 5-3 Preparati on Exanple 5 3 3
Exanpl e 5-4 Preparation Exanple 5 4 4
Exanple 6 Preparation Exanple 6 4 4
Exanmple 7 Preparation Example 7 4 4
Exanpl e 8 Preparation Exanple 8 4 4
Conparative Exanple 1 Preparation Example 1 0 0
Conpar ati ve Exanple 2 Preparation Exanple 2 0 0
Conparative Exanple 3-1 Preparati on Exanple 3 0 0
Conpar ati ve Exanple 3-2 Preparation Exanple 3 0 1
Conparative Exanple 4 Preparati on Exanple 4 0 0
Conpar ative Exanple 5 Preparation Exanple 5 0 0
Conpar ative Exanple 6 Preparati on Exanple 6 0 0
Conparative Exanple 7-1 Preparation Exanple 7 0 0
Conparative Exanple 7-2 Preparati on Example 7 1 0
Conpar ative Exanple 8 Preparation Exanple 8 0 0

[00131] Experinental Exanple 1

[00132] Wth respect to the ethylene/al pha-olefin copolyners

10 prepared in the Exanples and Conparative Exanples, physica
properties were evaluated according to the nethods bel ow and
are shown in Table 3.

[00133] (1) Characteristic relaxation tine

15 [00134] A conplex viscosity according to the angul ar speed of
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the copol yner was obtained at 190°C in an angul ar speed range
of 0.1-500 rad/s at 5% strain using ARES-& Rheoneter of TA
Co., and a characteristic relaxation tine was cal cul ated by

fitting using a Carreau-Yasuda equation bel ow.

= —_ al(n-1)/a
[ 00135] Y = N+ (1o — M) [1 + (Ay)°]

[00136] n(y): Viscosity

[00137] n»: Infinite viscosity
[00138] n0: Zero-shear viscosity
[00139] A: Relaxation time
[00140] v: Shear-rate

[00141] o: Material constants

[00142] n: Shear thinning index

[00143] (2) Weight average nolecular weight (Mw) and
nol ecul ar wei ght distribution (MAD)

[00144] A weight average nolecular weight (Mv) and a nunber
average nolecular weight (M) were neasured using gel
perneati on chromatography (GPC), and the nolecular weight
distribution was calculated through dividing the weight
average nol ecular weight (Mv) by a nunber average nol ecul ar
wei ght (vn).

[00145] - Colum: PL Oexis

[00146] - Solvent: Trichl orobenzene (TCB)

[00147] - Flowrate: 1.0 nL/mn
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[00148] -
[ 00149]

[ 00150]
[ 00151]

[ 00152]

functi on)

Det ect or:

Speci nmen concentrati on:
- Injection amount:

col um tenperature:

Agi

St andar d:

200 uL
160°C
ent

Pol ystyrene

[00153] (3) Density (g/cn?)

H gh Tenperature Rl

1.0 ng/nmL

(cal i brated

det ect or

by cubi ¢

[ 00154] Measurenent was conducted according to ASTM D-792.

[00155] (4) Melt

[ 00156] Measur enent

i ndex (

was

M 2. 16,

conduct ed

(condition E, 190°C, 2.16 kg | oad).

[00157] [Table 3]

g/ 10 mi n)

according to ASTM D 1238

Characteristic Densi t Mel t i ndex

rel axation time Mv (g/ mol ) WD (g/cm"’)y (g/10 min)
Exanpl e 1 2.9 73, 000 2.08 0.864 4.7
Exanpl & 2 7.8 72, 000 2.03 0.873 5.0
Exanpl e 3 2.3 58, 000 2.02 0.875 14.3
Exanpl e 4-1 7.1 49, 000 2.16 0.880 18.5
Exanpl e 4-2 3.5 50, 000 2.00 0.880 17.1
Exanpl e 5-1 8.0 44, 000 2.25 0.871 30.0
Exanpl ¢ 5-2 5.3 44, 000 2.19 0.871 29.5
Exanpl e 5-3 7.2 46, 000 2.10 0.871 27.2
Exanpl ¢ 5-4 3.0 46, 000 2.05 0.871 25.4
Exanpl € 6 9.2 83, 000 1.92 0.901 2.4
Exanpl e 7 7.4 70, 000 2.02 0.902 6.0
Exanpl e 8 3.2 45, 000 2.15 0.872 27.8
Eﬁgﬁg[ztlve 53. 1 69, 000 2.31 0. 864 5.0
Conparati ve 87.1 69, 000 2.30 0. 873 5.5
Exanpl e 2
Conparative
Eeanl & 31 25.2 56, 000 2.27 0.875 15.6
Conparative
Eeanml & 3. 2 24.3 56, 000 2.25 0.875 15.2
Conparati ve 16.9 48, 000 2.36 0. 880 20.2
Exanpl e 4
Conpar ative 12.1 43, 000 2.37 0.871 33.8
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Exanpl e 5

Conparative
Exanpl e 6

190. 2

79, 000

2.20

0.901

Conparative
Exanmple 7-1

70.0

67,000

2.29

0. 902

Conparative
Exanmple 7-2

67.2

67, 000

2.27

0.902

Conparative

4.8

41, 000

2.54

0.872

Exanpl e 8

[00158] As sunmarized in the table above, it was confirned

t hat the Exanples prepared the ethylene/alpha-olefin

copolynmers by performng the steps of dissolving in an
organi c solvent and precipitating in an alcohol according to
satisfied all the characteristic

the present invention,

relaxation time, My, and MAD in the nunerical ranges
specified in the present invention.

[00159] Particularly, when conparing Exanples 4-1 and 4-2,
and Exanples 5-1 to 5-4, with the increase of repeating
nunber of the dissolving in an organic solvent and the

precipitating in an alcohol, an ethyl ene/ al pha-ol efin
copol yner havi ng an even hi gher nol ecul ar wei ght and narrower
MAD was prepared, and the characteristic relaxation tinme was
gradual |y reduced.

[ 00160] Meanwhil e, the Conparative Exanples are cases of not
perform ng the steps of dissolving in an organic solvent and
the precipitation in an alcohol after polynerizing ethylene
nononer . It was confirned that

and an al pha-olefin

Conparative Exanples 1 to 7-2, etc. showed markedly increased
characteristic relaxation tine in contrast to the Exanples

and Conparative Exanple 8 showed wi de MAD and deviated from
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the conditions defined in the present invention.

[00161] Particularly, it was confirned that in Conparative
Exanple 3-2 in which dissolving in an organic sol vent was not
performed and precipitation in an alcohol was directly
performed, as well as in the Conparative Exanples not using
both the organic solvent and the al cohol, a copolyner chain
was insufficiently released, precipitation in an al cohol was
insufficiently perfornmed, and a | ow nol ecul ar wei ght portion
was not renoved. Accordingly, the characteristic relaxation
time was still long. In addition, in Conparative Exanple 7-2
in which dissolving in an organic solvent was perforned but
precipitation in an alcohol was not perforned, | ong
characteristic relaxation time was shown, because the renoval
of a branch-type Iow nolecular weight portion was not

achi eved.

[ 00162] Experinental Exanple 2

[00163] 6 g of the ethyl ene/al pha-ol efin copolyner was put in
a 0.5 T square frane, and the front side and the rear side
were covered with 3T steel plates. This was injected into a
hi gh tenperature press. After continuously treating at 190°C
25 N cn? (240 seconds), Si X times of
deconpressi ng/ pressuri zi ng degassing, and at 190°C, 151 N cn?
for 240 seconds, the tenperature was reduced by 15°C per

mnute to 30°C, and in this case, the pressure was naintai ned
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to 151 N cn?. By maintaining 30°C and 151 Nocn? for 300
seconds, the manufacture of a specinmen was conpl et ed.

[00164] Then, with respect to the specinen thus manufactured,
volunme resistance and total transmttance were neasured by

t he net hods bel ow and shown.

[00165] (1) Volume resistance (Q-cm)

[ 00166] Measurenment was conducted by applying a voltage of
1000 V for 600 seconds using Agilent 4339B Hi gh-resistance
net er (product of Agi | ent Technol ogi es K. K.) under
tenperature conditions of 23x1°C and humdity conditions of

50+3%

[00167] (2) Light transmttance (%

[00168] Light transmttance at 550 nm was neasured using
Shi madzu UV- 3600 spectrophot oneter.

[00169] — Measurenent node: transmittance

[00170] — Wavelength interval: 1 nm

[00171] — Measurenent rate: nedium

[00172] [Table 4]

Volume resistance (Q-cm) | Light transmittance (%)

Exanmple 1 2.60 x 1018 91.1
Conpar ati ve 14
Exanpl e 1 3.10 x 10 91.0

[00173] [Tabl e 5]

Volume resistance (Q-cm) | Light transmittance (%)

Exampl e 2 5.20 x 106 90. 6

Conpar ati ve 2.50 x 104 90.5




| Exanpl e 2 |

[00174] [Tabl e 6]

Volume resistance (Q-cm) | Light transmittance (%)
Exampl e 3 7.50 x 1016 90.5
Conpar ati ve "
Exanpl e 3-1 1.00 x 10 90. 4
Conpar ati ve 14
Exanpl e 3-2 2.10 x 10 90. 4
[00175] [Table 7]
Volume resistance (Q-cm) | Light transmittance (%)
Example 4-1 3.40 x 1016 89. 3
Exampl e 4-2 4.50 x 1016 89.5
Conpar ati ve 14
Exanpl e 4 1.40 x 10 89. 2
[00176] [Table 8]
Volume resistance (Q-cm) | Light transmittance (%)
Exampl e 5-1 8.90 x 1015 90. 2
Exanmpl e 5-2 2.20 x 1016 90. 2
Exampl e 5-3 3.00 x 10 90.3
Exampl e 5-4 4,10 x 1016 90.5
Conpar ative "
Exanpl e 5 3.20 x 10 90. 2
[00177] [Table 9]
Volume resistance (Q-cm) | Light transmittance (%)
Exampl e 6 9.80 x 10 89.0
Conpar ati ve 14
Exanpl e 6 4,20 x 10 88. 8
[00178] [Tabl e 10]
Volume resistance (Q-cm) | Light transmittance (%)
Exampl e 7 1. 60 x 1018 88. 6
Conpar ati ve "
Exanpl e 7-1 4.60 x 10 88.5
Conpar ati ve 14
Exanpl e 7-2 4,42 x 10 88.5
[00179] [Table 11]
Volume resistance (Q-cm) | Light transmittance (%)
Exampl e 8 1.50 x 1018 90. 4
Conpar ati ve "
Exanpl e 8 7.80 x 10 90. 2
[00180] The tables above are summaries of corresponding
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Exanpl es and Conparati ve Exanpl es, using the sane Preparation
Exanpl e. As shown above, it was confirnmed that all the
et hyl ene/ al pha-ol efin copolyners prepared according to the
pr esent I nvention coul d acconpl i sh excel | ent vol unme
resistance and light transmttance. On the contrary, as in
the Conparative Exanples, if the conditions were deviated
from the scope of the present invention, including deviated
characteristic relaxation tinme or wde MAD, the volune
resi stance was deteriorated.

[00181] Like this, an et hyl ene/ al pha-ol efin copol yrer
satisfying all of the characteristic relaxation time, Mv and
MAD defined in the present invention, may achieve excellent
| evel s of volume resistance and |light transmittance w thout

using a separate additive.
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CLAI M5

1. An et hyl ene/ al pha-olefin copolyner satisfying the
follow ng conditions (a) to (d):

(a) a characteristic relaxation time (A) at 190°C in
shear rate conditions of 0.1 to 500 rad/s, is |less than 10.0
m | |isecond,

(b) a weight average nolecular weight is from 40, 000
to 150, 000 g/ nol;

(c) a nol ecul ar weight distributionis from1.5 to 2.5;
and

(d) a density is from0.850 to 0.910 g/cc.

2. The et hyl ene/ al pha-ol efi n copol ymer according to claim
1, wherein the characteristic relaxationtinme is from1.0 to

9.5 mllisecond.

3. The et hyl ene/ al pha-ol efi n copol ymer according to claim
1, wherein the wei ght average nol ecul ar weight is from41, 000

to 130, 000 g/ nol .

4. The et hyl ene/ al pha-ol efi n copol ymer according to claim
1, wherein the nol ecular weight distributionis from1l1l.5 to

2. 4.
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5. The et hyl ene/ al pha-ol efi n copol ynmer according to claim
1, which has a nelt index (190°C, 2.16 kg | oad conditions)

fromO0.1 to 50 g/10 m n.

6. The et hyl ene/ al pha-ol efi n copol ymer according to claim
1, wherein the al pha-olefin conprises one or nore selected
fromthe group consisting of propylene, 1-butene, 1-pentene,
4- et hyl - 1- pent ene, 1- hexene, 1-heptene, 1-octene, 1l-decene,
1-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene and 1-

ei cosene.

7. An encapsulant film conprising an ethyl ene/al pha-
ol efin copol ymer satisfying the follow ng conditions (a) to
(d):

(a) a characteristic relaxation time (A) at 190°C in
shear rate conditions of 0.1 to 500 rad/s, is |less than 10.0
m | |isecond,

(b) a weight average nolecular weight is from 40, 000
to 150, 000 g/ nol;

(c) a nol ecul ar weight distributionis from1.5 to 2.5;
and

(d) a density is from0.850 to 0.910 g/cc.

8. The encapsulant film according to claim 7, further
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conprising one or nore selected fromthe group consi sting of
a crosslinking agent, a crosslinking auxiliary agent, a
silane coupling agent, an unsaturated silane conpound, an
am no silane conpound, a light stabilizer, a UV absorbent

and a thermal stabilizer.

9. A solar cell nodul e conprising the encapsul ant fil m of

claim?7.
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