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DESCRI PTI ON

COMPCSI TI ON FOR ENCAPSULANT FI LM AND ENCAPSULANT FI LM
COWPRI SI NG THE SAME

TECHNI CAL FI ELD

[1] Cross-reference to Rel ated Applications

[ 2] This application clains the benefit of Korean Patent
Application No. 2021-0145164, filed on October 28, 2021, in
the Korean Intellectual Property Ofice, the contents of which
are incorporated herein by reference.

[ 3] Technical Field

[ 4] The present invention relates to a conposition for an
encapsul ant film conpri si ng an et hyl ene/ al pha-ol efin
copol yner, an encapsulant filmand a solar cell nodul e.
BACKGROUND ART

[ 5] As gl obal environnental problens, energy problens, etc.
get worse and worse, solar cells receive attenti on as an energy
generating neans wthout fear of environnental contam nation
and exhaustion. |If solar cells are used 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 cell nodule, front gl ass/solar cell
encapsul ant/crystal line sol ar cell devi ce/ sol ar cel

encapsul ant/rear glass (or rear protection sheet) are stacked
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in order. As the encapsulant of the solar cells, generally,

an ethyl ene/vinyl acetate copolyner or ethyl ene/al pha-olefin
copol ymer havi ng excel | ent t ransparency, flexibility,

adhesi veness, etc. is used.

[ 6] A solar cell nodule is obtained by protecting a sol ar

cell device such as silicon, galliumarsenic, and copper-

i ndi um sel eni umusi ng an upper transparent protecting nmateri al

and a |lower substrate protecting material, and packagi ng by
fixing the solar cell device and the protecting materials using
a sealant. Generally, the sealant of the solar cell device in
a solar cell nodule is forned by extrusion nolding of an
et hyl ene/ al pha-ol ef i n copol ymer m xed with an organi c peroxi de
or a silane coupling agent into a sheet type, and the solar

cell device is sealed by using the sheet type sealant to
manuf acture a solar cell nodule.

[ 7] In case of manufacturing the above-described solar

cell nodul e, the increase of the affinity of an ethyl ene/ al pha-

olefin copolyner wth various materials included in a
conposition for an encapsulant filmto inprove absorbency nay
be a way of increasing productivity. Particularly, a
crosslinking agent, a crosslinking auxiliary agent, or the
like, required to use for the manufacture of an encapsul ant

filmare polar materials and have | ow absorbency wi th respect

to a nonpol ar et hyl ene/ al pha-ol efi n copol ynmer, and accordi ngly,

are acknowl edged to be one of the factors inducing the
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[ 8] [Prior Art Docunent]
[ 9] [ Pat ent Docunent ]
[10] (Patent Docunment 1) Japanese Laid-open Patent No.

2015-211189

DI SCLOSURE OF THE | NVENTI ON
TECHNI CAL PROBLEM

[11] An object of the present invention is to use a
crosslinking agent, a crosslinking auxiliary agent, or the
like, having high affinity with an ethylene/al pha-olefin
copol ynmer to reduce the imrersion tinme of the ethyl ene/al pha-
ol efin copolynmer at an initiation step during manufacturing an
encapsul ant film

TECHNI CAL SOLUTI ON

[12] To solve the above tasks, the present invention
provi des a conposition for an encapsulant film an encapsul ant
film and a solar cell nodule.

[13] (1) The present invention provides a conposition for
an encapsulant film conprising an ethylene/alpha-olefin
copol ynmer, a crosslinking agent, a crosslinking auxiliary
agent and a silane coupling agent, wherein the crosslinking
auxi liary agent conprises a conpound represented by Fornula 1.

[ 14] [ Formul a 1]
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[ 15] In Fornula 1,
[ 16] Ri to Rs are each independently an al kyl group of 1 to

10 carbon at ons.

[17] (2) The present invention provides the conposition for
an encapsulant film according to (1), wherein, in Formula 1,
Ry to Rs are each i ndependently an al kyl group of 1 to 6 carbon
at ons.

[ 18] (3) The present invention provides the conposition for
an encapsulant film according to (1) or (2), wherein the
crosslinking auxiliary agent is one or nore selected fromthe
group consisting of tetraki s(vi nyl di met hyl si | oxy) si | ane,
tetraki s(vinyl di et hyl sil oxy)sil ane and
tetraki s(vi nyl di propyl sil oxy)sil ane.

[ 19] (4) The present invention provides the conposition for
an encapsulant film according to any one anong (1) to (3),
wherein the crosslinking auxiliary agent is 0.01 parts by
wei ght to 1 part by weight based on 100 parts by wei ght of the
conmposition for an encapsulant film

[ 20] (5) The present invention provides the conposition for
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an encapsulant film according to any one anong (1) to (4),
further conprising an allyl group-containing conpound as the
crosslinking auxiliary agent, wherein the allyl group-
cont ai ni ng conpound conprises one or nore selected from the
group consisting of triallyl isocyanurate, triallyl cyanurate,
diallyl phthalate, diallyl fumarate and diallyl naleate.

[ 21] (6) The present invention provides the conposition for
an encapsul ant filmaccording to (5), wherein a nole ratio of
the conpound represented by Formula 1 and the allyl group-
cont ai ni ng conmpound is 1: 0.1 to 1: 10.

[ 22] (7) The present invention provides the conposition for
an encapsulant film according to any one anong (1) to (6),
wherein the al pha-olefin conprises one or nore selected from
the group consisting of propylene, 1-butene, 1-pentene, 4-
net hyl - 1- pent ene, 1-hexene, 1-heptene, 1l-octene, 1-decene, 1-
undecene, 1-dodecene, 1-tetradecene, 1-hexadecene and 1-
ei cosene.

[ 23] (8) The present invention provides the conposition for
an encapsulant film according to any one anong (1) to (7),
wherein the al pha-olefin is conprised in greater than 0 to 99
nol % based on the et hyl ene/ al pha ol efin copol yner.

[ 24] (9) The present invention provides the conposition for
an encapsulant film according to any one anong (1) to (8),
further conprising one or nore selected from the group

consi sting of an unsaturated silane conpound, an am no sil ane
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conpound, a light stabilizer, a UV absorbent and a thernal
stabilizer.

[ 25] (10) The present invention provides an encapsul ant
film conprising the conposition for an encapsulant film
according to any one anong (1) to (9).

[ 26] (11) The present invention provides a solar cell nodul e
conprising the encapsulant filmof (10).

ADVANTAGEQUS EFFECTS

[27] I n case of manufacturing an encapsul ant filmusing the
conposition for an encapsulant film according to the present
invention, the imersion tine of an ethylene/al pha-olefin
copol ynmer may be reduced to inprove the economic feasibility
of the production process of an encapsulant film |In addition,
the conposition for an encapsulant film prepared using the
present invention shows excell ent degree of crosslinking.
BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

[ 28] Herei nafter, the present invention will be described
in nmore detail to assist the understanding of the present
I nventi on.

[ 29] It will be understood that words or terns used in the
present disclosure and clains shall not be interpreted as the
nmeani 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
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I dea of the invention, based on the principle that an i nventor
may properly define the neaning of the words or terns to best
explain the invention.

[ 30] <Conposition for encapsulant filnp

[ 31] The conposition for an encapsul ant filmof the present
invention is characterized in including (a) an ethyl ene/ al pha-
ol efi n copol ynmer, (b) a crosslinking agent, (c) a crosslinking
auxiliary agent, and (d) a silane coupling agent, and the
crosslinking auxiliary agent includes a conpound represented
by Formul a 1.

[ 32] Herei nafter, each conponent wll be explained in
detail .

[ 33] (a) Ethyl enel/ al pha-ol efin copol ynmer

[ 34] The conposition for an encapsul ant filmof the present
i nvention includes an ethyl ene/al pha-ol efin copol yner. The
et hyl ene/ al pha-ol efin copol yner is prepared by copol yneri zi ng
et hyl ene and an al pha-ol efi n-based nononer, and in this case,
an al pha-olefin which neans a noiety derived from an al pha-
ol efi n-based nononer in the copolynmer may be an al pha-olefin
of 4 to 20 carbon atons, particularly, propylene, 1-butene, 1-
pent ene, 4-nethyl-1-pentene, 1-hexene, 1l-heptene, 1l-octene, 1-
decene, 1l-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene,
1l-eicosene, etc., and any one anong themor m xtures of two or
nore thereof nay be used.

[ 35] Anmong them the al pha-ol efin may be 1-butene, 1-hexene
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or 1- oct ene, preferably, 1- but ene, 1- hexene, or t he
conbi nati ons t hereof.

[ 36] In addition, in the ethylene/al pha-olefin copolyner,
t he al pha-ol efin content may be suitably selected in the range
sati sfying the physical conditions, particularly, greater than
O0to99 nol% or 10 to 50 nmol % without limtation.

[ 37] In the present invention, a preparation nmethod or an
obtai ning route of the ethyl ene/al pha-olefin copolyner is not
limted, and suitabl e ones nay be sel ected and used consi deri ng
t he physical properties and purpose of the conposition for an
encapsulant filmby a person skilled in the art.

[ 38] (b) Crosslinking agent

[ 39] The conposition for an encapsulant fil mof the present
I nvention includes a crosslinking agent. 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 sil ane conposition
onto a resin conposition. In addition, by formng a
crosslinking bond in the silane nodified resin conposition, or
bet ween t he si |l ane nodi fied resin conposition and an unnodified
resin conposition during a lamnation step for manufacturing
an optoel ectronic device, the heat resistant durability of a
final product, for exanple, an encapsulant sheet may be
I mproved.

[ 40] The crosslinking agent nay use various crosslinking
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agents well-known in this technical field only if it is a
crosslinking conpound capable of initiating the radica
pol ymeri zation of a vinyl group or form ng a crosslinking bond,
for exanple, one or tw or nore selected from the group
consi sting of organic peroxides, hydroxyl peroxides and azo
compounds.

[41] For exanple, an encapsulant for a solar cell may
i nclude an organi c peroxide as a crosslinking agent, and the
organic peroxide plays the role of inproving the climte
resi stance of the encapsulant for a solar cell

[ 42] 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-
but yl per oxy) hexane, and 2, 5-di net hyl -2, 5-di (t-butyl peroxy) - 3-
hexyne; hydr oper oxi des such as cunene  hydr oper oxi de,
di i sopropyl benzene hydr oper oxi de, 2, 5-di net hyl -2, 5-
di (hydr oper oxy) hexane, and t-butyl hydr oper oxi de; di acyl
peroxi des such as bis-3,5, 5-trinethyl hexanoyl per oxi de,
oct anoyl peroxi de, benzoyl peroxide, o-nethyl benzoyl peroxide,
and 2, 4-di chl orobenzoyl peroxide; peroxy esters such as t-
but yl peroxy i sobutyrate, t-butyl peroxy acetate, t-butyl peroxy-
2- et hyl hexyl carbonate (TBEC), t-butyl peroxy-2-ethyl hexanoat e,
t - but yl per oxy pyval at e, t - but yl per oxy oct oat e, t-
but yl per oxyi sopropyl carbonate, t-butyl peroxybenzoate, di-t-

but yl per oxypht hal at e, 2, 5-di met hyl - 2, 5-
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di (benzoyl per oxy) hexane, and 2, 5-di net hyl - 2, 5-
di (benzoyl per oxy) - 3- hexyne; ketone peroxides such as nethyl
et hyl ketone peroxide and cyclohexanone peroxide, |auryl

per oxi de, and azo conpounds such as azobi si sobutyronitrile and

azobi s(2, 4-di methyl val eronitrile), may be used, wi t hout
limtation.
[ 43] The organi ¢ peroxi de may be an organi c peroxi de 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-1ife tenperature” neans a tenperature at which the half-
life of the crosslinking agent beconmes one hour. According to
the one-hour half-life tenperature, the tenperature at which
radical initiation reaction is efficiently perforned my
beconme different. Therefore, in case of using the organic
peroxi de having the one-hour half-life tenperature in the
above-descri bed range, radical initiation reaction, that is,
crosslinking reaction in a lamnation process tenperature for
manuf acturing an optoelectronic device may be effectively
per f or ned.

[ 44] The crosslinking agent may be included in 0.01 parts
by weight to 2 parts by weight, for exanple, 0.05 parts by
weight to 1.5 parts by weight, 0.1 to 1.5 parts by weight or
0.5to 1.5 parts by wei ght based on 100 parts by wei ght of the
et hyl ene al pha-ol efin copolyner. |If the crosslinking agent is

i ncluded in the above-described range, the inproving effects

10
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of heat resistant properties may be sufficient, the noldability
of the encapsulant filmmay be excellent, and the problens of
generating process |imtation or deteriorating the physical
properties of the encapsul ant may not ari se.

[ 45] (c) Crosslinking auxiliary agent

[ 46] The conposition for an encapsulant fil mof the present
i nvention includes a crosslinking auxiliary agent, and the
crosslinking auxiliary agent includes a conpound represented
by Formul a 1.

[47] [ Formul a 1]

Ri R
\S_/ P
R R l.
7\8/ 8 (|J/ S LT
N |
\V ~ .
L0k, N
| ‘/Si\/s\“c
, 0O
i Rs Rs
£ %
Rs Rs
[ 48] In Fornmula 1,
[ 49] Ri. to Rg are each independently an al kyl group of 1 to
10 carbon atons.
[ 50] In Fornula 1, R to Rs may be each independently an

al kyl group of 1 to 6 carbon atons, or an alkyl group of 1 to
3 carbon atons, for exanple, a nethyl group, an ethyl group or
a propyl group.

[ 51] More particularly, the crosslinking auxiliary agent

may be one or nore selected from the group consisting of

11
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tetraki s(vi nyl di met hyl si | oxy) si | ane,

tetraki s(vinyl di et hyl sil oxy)sil ane and
tetraki s(vi nyl di propyl sil oxy)sil ane.

[ 52] The crosslinking auxiliary agent used in the present
I nventi on has hi gh hydrophobicity and | ow viscosity of aliquid
phase when conpared to triallyl isocyanurate (TAIC), or the
i ke, commonly used, and has excellent conpatibility with an
et hyl ene/ al pha-ol efin copolynmer to inprove the i Mmersion rate
of the ethyl ene/al pha-ol efin copolymer in the conposition for
an encapsul ant film

[ 53] In addition, in case of using a crosslinking auxiliary
agent having low viscosity and two double bonds, like 1,4-
cycl ohexanedi nmet hanol divinyl ether, the i mersion rate may be
fast, but double bonds for performng crosslinking reaction
are insufficient, and there are probl ens of reducing the degree
of crosslinking.

[ 54] By including the crosslinking auxiliary agent in the
conposition for an encapsul ant film the degree of crosslinking
of the conposition for an encapsulant fil mmay be i ncreased by
the aforenentioned crosslinking agent, and accordingly, the
heat resistance and durability of a final product, for exanple,
an encapsul ant filmnay be inproved even further.

[ 55] The crosslinking auxiliary agent nmay be 0.01 parts by
weight to 1 part by weight, particularly, 0.05 parts by wei ght

or nore, 0.1 parts by weight or nore, 0.2 parts by weight or

12
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nore, or 0.3 parts by weight or nore, and 1.0 part by weight
or less, or 0.8 parts by weight or |ess based on 100 parts by
wei ght of the ethylene/al pha-ol efin copol yner.

[ 56] Wt hin the above-descri bed range, effects of inproving
heat resistant properties and i ncreasing the i nmersion rate of
t he ethyl ene/ al pha-ol efin copol yner through the crosslinking
auxiliary agent nmay be sufficiently achieved, and the
deterioration of the physical properties of the encapsul ant
filmmay be suppressed.

[ 57] In the present invention, the conposition for an
encapsulant film may additionally include an allyl group-
cont ai ni ng conmpound as the crosslinking auxiliary agent, and
in this case, the allyl group-containing conpound includes one
or nore selected from the group consisting of triallyl
I socyanurate, triallyl cyanurate, diallyl phthalate, diallyl
fumarate and diallyl mal eate.

[ 58] Here, the nole ratio of the conpound represented by
Formula 1 and the allyl group-containing conpound may be 1:
0.1to 1: 10, particularly, 1: 0.15to 1: 5, nore particularly,
1: 0.2 to 1: 2.

[ 59] Wthin the above-described range, the inmmersion tinme
of the ethyl ene/al pha-ol efin copol yner may be reduced, and the
degree of crosslinking of the conposition for an encapsul ant
filmmay be increased.

[ 60] (d) Silane coupling agent

13
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[ 61] The conposition for an encapsul ant filmof the present

i nvention may include a silane coupling agent, and the sil ane
coupling agent may play the role of inproving the adhesi veness

of an encapsulant filmand a sol ar cell

[ 62] The sil ane coupling agent may use, for exanple, one or

more selected from the group consisting of N-(B-aminoethyl) -
y—aminopropyltrimethoxysilane, N- (B-aminoethyl) —y-
aminopropylmethyldimethoxysilane, A
aminopropyltriethoxysilane, vy-glycidoxypropyltrimethoxysilane,
and y-methacryloxypropyltrimethoxysilane (MEMO) , without
limtation.

[ 63] The silane coupling agent may be included in 0.1 to
0.4 parts by weight based on 100 parts by weight of the
conposition for an encapsulant film If the anpbunt used of

the silane coupling agent is in the above-described range,

adhesiveness with glass during manufacturing a solar cell

nodul e may be excellent, and the deterioration of |ong-term
performance of the nodule due to water penetration nmay be
prevent ed.

[ 64] In addition, the conposition for an encapsulant film
of the present invention may additionally include one or nore
selected from the group consisting of an unsaturated silane
compound, an am no silane conpound, a light stabilizer, a W
absorbent and a thermal stabilizer.

[ 65] The unsaturated silane conpound may be grafted into a

14
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mai n chain i ncluding the polynerization unit of the nononer of
the 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 anm no silane nodified

resin conposition.

[ 66] The unsaturated sil ane conmpound may be vinyl tri met hoxy
si | ane, vinyltriethoxy silane, vinyltripropoxy silane,
vinyltriisopropoxy si | ane, vi nyl tri but oxy si | ane,
vi nyl tri pent oxy si | ane, vi nyl tri phenoxy si | ane, or

vinyltriacetoxy silane, and in an enbodi ment, vinyltrimethoxy
silane or vinyltriethoxy silane may be used anong them w t hout
limtation.

[ 67] In addition, the am no silane conpound may 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
t he al koxy group of vinyltriethoxy silane into a hydroxyl group
in the grafting nodification step of the ethyl ene/al pha-olefin
copolynmer, to inprove the adhesive strength of upper and | ower
gl ass substrates or with a back sheet conposed of a fluorine
resin, etc. At the sane tine, the am no silane conpound nmay
be directly i nvol ved as a reactant i n copol ynerization reaction
and may provide an amino nodified resin conposition with a
noi ety having an am ne functional group.

[ 68] The amno silane conpound is a silane conpound

15
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including an amne group and is not specifically limted as

long as it is a primary amne or a secondary anine. For

exanpl e, t he am no si |l ane compound

am not ri al koxysi | ane, am nodi al koxysi | ane, etc.,

use

and exanpl es

may i nclude one or nore selected fromthe group consisting of

3- am nopropyl tri net hoxysi | ane ( APTMS) ,
am nopropyl triethoxysil ane ( APTES) ,
triethoxysilyl)propyl]am ne,

trimet hoxysilyl)propyl]am ne,

am nopr opyl met hyl di et hoxysi | ane,

am nopr opyl net hyl di met hoxysi | ane,
(trimethoxysilyl)propyl]ethyl enedi am ne

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 nomet 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 met hyl di net hoxysi | ane,
di et hyl eneam nonet hyl net hyl di et hoxysi | ane,
phenyl am no) et hyl t ri met hoxysi | ane,

phenyl am no) net hyl tri et hoxysi | ane,

phenyl am no) et hyl net hyl di met hoxysi | ane,

phenyl am no) et hyl net hyl di et hoxysi | ane,

16
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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 hoxysilane. The am no silane conpound may be
used al one or as a m xture type.

[ 69] The |ight stabilizer may capture the active species of
the phot ot her nal initiation of a resin to prevent
phot ooxi dati on according to the use applied of the conposition.
The type of the light stabilizer used is not specifically
limted, and for exanple, known compounds such as a hindered
am ne- based conpound and a hi ndered pi peridi ne-based conpound
may be used.

[ 70] The UV absorbent absorbs ultraviolet rays from the
sunlight, etc. and transforns into harnm ess thermal energy in
a nol ecule, and may play the role of preventing the excitation
of the active species of photothermal initiation in the resin
conposi tion. Particular types of the UV absorbent used are
not specifically limted, and for exanple, one or a m xture of
two or nore of benzophenone-based, benzotriazol e-based,
acrylnitril e-based, netal conpl ex-based, hi ndered am ne-based,
inorganic including ultrafine particulate titanium oxide and
ultrafine particulate zinc oxide UV absorbents, etc. may be
used.

[ 71] In addition, the thermal stabilizer may include a

17
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phosphor - based thermal stabilizer such as tris(2,4-di-tert-
but yl phenyl ) phosphi te, phosphorous acid, bi s[ 2, 4-bis(1,1-
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 sphosphonat e and
bis(2,4-di-tert-butyl phenyl)pentaerythritol diphosphite; and
a | act one-based thermal stabilizer such as the reacti on product
of 8-hydroxy-5,7-di-tert-butyl-furan-2-on and o-xylene, and
one or two or nore of them nay be used.

[ 72] The armounts of the |ight stabilizer, UV absorbent, and
thermal stabilizer are not specifically limted. That is, the
anmounts of the additives nay be suitably sel ected considering
the use of the resin conposition, the shape or density of the
addi tives, etc. Generally, the amounts may 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

[ 73] <Encapsul ant filmand sol ar cell nodul e>

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

[ 75] The encapsulant film of the present invention may be
manuf actured by nolding the conposition for an encapsul ant
filminto a film or sheet shape. The nolding nethod is not
specifically limted, for exanple, a sheet or a film may be

formed by a cormon process such as a T di e process and extrusi on.

18
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For exanple, the manufacture of the encapsulant film nay be
perfornmed by an in situ process using an apparatus in which
the preparation of a nodified resin conposition using the
conposition for an encapsulant filmand a process for formng
a filmor a sheet are connect ed.

[ 76] The t hi ckness of the encapsul ant fil mnay be controll ed
to about 10 to 2,000 um, or about 100 to 1,250 um considering
t he supporting efficiency and breaking possibility of a device
in an optoel ectronic device, the reduction of the weight or
wor kability of the device, and may be changed according to the
particul ar use thereof.

[ 77] In addition, the present invention provides a solar
cell rnodule 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
inparallel arefilled wwth the encapsul ant fil mof the present
i nvention, 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
sol ar cell nodules manufactured by including the encapsul ant
filmin this technical field nay be applied in the present
i nvention.

[ 78] The gl ass surface may use tenpered gl ass for protecting
the solar cells fromexternal inpact and preventing breaking,

and may use lowiron tenpered gl ass having the | owiron content

19
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to prevent the reflection of the sunlight and to increase the
transmttance of the sunlight, wthout limtation.

[ 79] 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 resi n sheet, a poly(neth)acryl-based resin
sheet, a pol yam de-based resin sheet, a polyester-based resin
sheet, a | am nated conposite sheet of a climate-resistant film
and a barrier film etc., without limtation.

[ 80] Besi des, the sol ar cell nodul e of the present invention

may be manuf actured by any net hods wel | -known in this techni cal

field only if ‘including the encapsulant film wthout
limtation.
[ 81] The solar cell nodule of the present invention is

manuf act ur ed usi ng an encapsul ant fil mhaving excell ent vol une
resi stance, and the |eakage of current outside through the
novenent of electrons in the solar cell nodule through the
encapsulant film may be prevented. Accordingly, potenti al
I nduced degradation phenonmenon (PID) by which insulation is
degraded, | eakage current is generated, and the output of the
nodul e is rapidly degraded, may be |l argely restrained.

[ 82] Exanpl es

[ 83] Herei nafter, the present invention will be explained

in nore detail referring to enbodinents. However, the
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enbodi nents are provided only for illustration, and the scope
of the present invention is not limted thereto.

[ 84] Exanple 1

[ 85] As an ethyl ene/al pha-olefin copolyner, LF675 of LG
Chem (ethyl ene/ 1-butene copolyner, density 0.877 g/cc, M
14.0) was used.

[ 86] For the i mersion of a crosslinking agent, a planetary
m xer of Therno El ectron (Karl sruhe) GrbH was used. To 500 g
of an ethyl ene/al pha-olefin copolyner, 1 part per hundred
rubber (phr) of t-butyl 1-(2-ethylhexyl)nonoperoxycarbonate
(TBEC), 0.5 phr of tetrakis(vinyldinethylsiloxy)silane (TVSS),
and 0.2 phr of methacryl oxypropyltrinethoxysilane (MEMO) were
injected. Wiile stirring in 40 rpm the change of a torque
val ue in accordance with tine was observed, and imrersion was
term nated when the torque value increased rapidly. Bef ore
bei ng absorbed in the ethylene/al pha-olefin copolyner, the
crosslinking agent played the role of a lubricant, and a | ow
torque val ue was mai nt ai ned, but when total crosslinking agent
was absorbed, the torque val ue i ncreased. Accordingly, a point
where the torque value increased rapidly was defined as an
I mrer si on conpletion tine.

[ 87] After that, an encapsulant film having an average
thickness of 550 um was formed at a low temperature (under
condi tions of 100°C or |ess of an extruder barrel tenperature)

at which high-tenperature crosslinking was not achieved, was
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manuf act ured usi ng a m croextruder.

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

[ 89] Encapsul ant fil ns were manufactured by the sane net hod
as in Exanple 1 except for changing as in Table 1 bel ow

[ 90] [Tabl e 1]

Type of Wei ght Total amount of
crosslinking ratio crosslinki ng
auxi liary agent auxi liary agent (phr)

Example 1 TVSS - 0.5
Exanmpl e 2 TVSS - 1.0
Exanpl e 3 TAI C. TVSS 1:0.33 0.5
Exanpl e 4 TAI C. TVSS 1: 0. 66 0.5
Exanple 5 TAI C. TVSS 1:1 0.5
Exanple 6 TAI C. TVSS 1:2 0.5
Exanple 7 TAI C. TVSS 1:3 0.5
Exanpl e 8 TAI C. TVSS 1:4 0.5

Conparative TAI C - 0.5
Exanple 1

Conpar ative 1, 4- CDDE - 0.5
Exanpl e 2

[ 91] * TVSS: tetrakis(vinyldinethylsiloxy)silane

[ 92] * TAIC. triallyl isocyanurate

[ 93] *1,4- CDDE: 1, 4-cycl ohexanedi net hanol di vi nyl ether

[ 94] Experi nental Exanple 1

[ 95] Wth respect to the encapsulant filns manufactured in
the Exanples and Conparative Exanples, physical properties
wer e neasured according to the nethods bel ow.

[ 96] (1) Imersion rate (inmersion conpletion tine)

[ 97] As described above, a point where a torque value

i ncreased rapidly was considered as an inmersion conpletion
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time, and the time fromthe initiation point of stirring to a
poi nt where inmersion was conpl eted was neasured and recorded
In Table 2 bel ow.

[ 98] (2) Degree of crosslinking

[ 99] The evaluation of the degree of crosslinking was
performed based on China Photovoltaic Industry Association
(CPIA) standard and ASTM D2765. The encapsulant film thus
formed was cut into a size of 10 cm x 10 cm and vacuum
| am nated at 150°C for 20 mnutes (nmaintain vacuum for 5
m nut es/ pressurization for 1 mnute/depressurization for 14
m nutes) to obtain a crosslinked specinen.

[ 100] The crosslinked speci men was cut into a suitable size,
wei ghed by 0.5 g on a 200 nesh wire cage, and dissolved for 5
hours under xylene refluxing. After that, the speci nen was
dried in a vacuum oven, and the weights before and after the
refl uxi ng were conpared to neasure the degree of crosslinking
of each speci nen.

[ 101] (3) MDR torque (M+ M, Nm

[102] For the evaluation of the degree of crosslinking, the
MDR t orque val ue of each speci nen was neasured using an Al pha
Technol ogi es Production noving die rheoneter (MR).

[ 103] Particularly, each of the encapsulant filnms with 500
um manufactured in the Exanples and Conparative Exanples was
cut by 1 g, and four pieces were overl apped to prepare a sanple

of total 4 g and processed at 150°C for 20 minutes for the
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measurenent. Under correspondi ng conditions, MDR torque (M+
M) was cal cul ated by contracting the M value fromthe M val ue
measured. Here, My is the maxi num vul cani zi ng torque, and M
i's the m ninmum vul cani zi ng torque.

[104] [Table 2]

| mrer si on conpl eti on Degr ee of M+ M
time (mn) crossl i nki ng
Exanple 1 17 72.0 2.52
Exanple 2 41 76. 2 2.91
Exampl e 3 36 78.1 3.13
Exampl e 4 29 77.2 3.04
Exanpl e 5 22 76. 5 2.89
Exanpl e 6 20 75. 6 2.72
Exanpl e 7 18 74.5 2.59
Exampl e 8 17 73.1 2.47
Conparative 59 78.8 2.91
Exanple 1
Conparative 7 50.1 1.51
Exanpl e 2

[ 105] As in Table 2, in cases of Exanples 1 to 8 using the
conposition for an encapsulant filmof the present invention,
the immersion rate was fast, the i mmersion conpletion tinme was
reduced, and at the sane tine, the degree of crosslinking was
al so excellent degree. On the contrary, it was confirned that
i n case of Conparative Exanple 1 using TAIC as the crosslinking
auxiliary agent, the i mmersion rate was sl ow, and the i nmersion
conpletion tine was increased greatly when conpared to the
Exanpl es, and in case of Conparative Exanple 2 using 1, 4- CODE
as the crosslinking auxiliary agent, the degree of crosslinking

was degraded. In addition, in cases of Exanples 3 to 8, using
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the mxtures of TVSS and TAIC as the crosslinking auxiliary
agent, the physical properties of the imersion rate or the
degree of crosslinking were inproved when conpared to Exanpl es
1 and 2, using TVSS solely. Particularly, it could be found
that both the imersion rate and the degree of crosslinking
were excellent in Exanples 3 to 6.

[ 106] As descri bed above, in case of using the conposition
for an encapsulant film according to the present invention

effects of reducing the imersion tinme could be achi eved, while

showi ng the suitable | evel of the degree of crosslinking.
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CLAI M5

1. A conposition for an encapsulant film conprising an
et hyl ene/ al pha-ol efin copolyner, a crosslinking agent, a
crosslinking auxiliary agent and a silane coupling agent,
wher ei n

the crosslinking auxiliary agent conprises a conpound
represented by the follow ng Formula 1:

[ Formul a 1]

Ry R
1\/2

R7 /RS O/Si‘\/

s Rs Rg

/N
Rs Rs

in Formula 1,
R to Rs are each i ndependently an al kyl group of 1 to 10

carbon atons.

2. The conposition for an encapsulant film according to
claiml, wherein, in Formula 1, Rt to Rs are each independently

an al kyl group of 1 to 6 carbon atons.

3. The conposition for an encapsulant film according to

claim 1, wherein the crosslinking auxiliary agent is one or
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nor e sel ect ed from t he gr oup consi sting of
t et raki s(vi nyl di met hyl si |l oxy) si | ane,
tetraki s(vinyl di et hyl sil oxy)silane and

t et raki s(vi nyl di propyl sil oxy) si | ane.

4. The conposition for an encapsulant film according to
claiml, wherein the crosslinking auxiliary agent is 0.01 parts
by weight to 1 part by weight based on 100 parts by wei ght of

the conposition for an encapsulant film

5. The conposition for an encapsulant film according to
claiml, further conprising an allyl group-containing conmpound
as the crosslinking auxiliary agent, wherein

the al |l yl group-containi ng conpound conpri ses one or nore
selected fromthe group consisting of triallyl isocyanurate,
triallyl cyanurate, diallyl phthalate, diallyl fumarate and

diallyl mal eate.

6. The conposition for an encapsulant film according to
claim5, wherein a nole ratio of the conpound represented by
Formula 1 and the allyl group-containing conmpound is 1: 0.1 to

1: 10.

7. The conposition for an encapsulant film according to

claim 1, wherein the alpha-olefin conprises one or nore
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selected fromthe group consisting of propylene, 1-butene, 1-
pent ene, 4-nethyl-1-pentene, 1-hexene, 1l-heptene, 1l-octene, 1-
decene, 1l-undecene, 1-dodecene, 1-tetradecene, 1-hexadecene

and 1-ei cosene.

8. The conposition for an encapsulant film according to
claiml, wherein the al pha-olefinis conprised in greater than

0 to 99 nol % based on the ethyl ene/ al pha ol efi n copol yner.

9. The conposition for an encapsulant film according to
claiml, further conprising one or nore sel ected fromthe group
consi sting of an unsaturated silane conpound, an am no sil ane
compound, a light stabilizer, a UV absorbent and a thernal

stabilizer.

10. An encapsulant film conprising the conposition for an

encapsul ant filmaccording to any one of clains 1 to 9.

11. A solar cell nodule conprising the encapsulant film of

cl ai m 10.
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