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AGRICULTURAL COVERING MATERIAL 

TECHNICAL FIELD 

The present invention relates to an agricultural covering 
material. In particular, it relates to an agricultural covering 
material made of a fluoroplastic film with excellent 
flexibility, durability, dust resistance and light transmittance 
to be installed in agricultural and horticultural facilities Such 
as tunnel houses, pipe houses and large-scaled greenhouses 
or used inside of a greenhouse as a greenhouse liner film. 

BACKGROUND ART 

Heretofore, as agricultural covering materials, films of 
polyethylene, ethylene-Vinyl acetate copolymers, polyester 
resins, flexible vinyl chloride resins have been used, and the 
majority of agricultural covering materials are made of 
flexible vinyl chloride resin film for its superiority in ease of 
handling, price and thermal insulation over the other film 
materials. However, flexible vinyl chloride resin films have 
a problem of light transmittance reduction within a short 
term because their surfaces tend to be fouled by the plasti 
cizers bleeding out of them. 

The above-mentioned various films usually have to be 
renewed in a year or two due to deterioration by Sunlight, 
atmospheric temperature, weather and oxidation although 
they include ultraviolet absorbers to improve in weather 
ability. Besides, these films including ultraviolet absorbers 
block out ultraViolet light to various degrees and therefore 
are unsuitable to crops that need ultraViolet light (Such as 
eggplant and Some kinds of flowers and ornamental plants) 
and crops (such as Strawberry, melon, watermelon and bell 
pepper) that are pollinated through honeybees and Eristalis 
cerealis that need ultraviolet light for their activity. 
On the other hand, practical large greenhouses have been 

introduced in recent years for labor-Saving in greenhouse 
control, larger cultivated area and longer Service life. In 
these large greenhouses, covering materials Such as polyes 
ter resins, polycarbonate resins, rigid Vinyl chloride resins, 
acrylic resins, fiber-reinforced plastics, sheet glass have 
been introduced for long-term use of at least 5 years. 
However, these covering materials are thick in thickness and 
heavy in weight and have to be installed in greenhouses with 
large frameworks made of Special materials. Therefore, their 
installation is quite complicated, and they have a drawback 
of relatively high price. Besides, sheets of polyester resins, 
polycarbonate resins, rigid vinyl chloride resins and acrylic 
resins have drawbacks that they are easily cracked by hail 
and that cracks formed on them tend to spread. 

In addition, these plastic Sheets usually contain ultraViolet 
absorbers to improve in weatherability and are unsuitable to 
crops that need ultraviolet light (Such as eggplant and Some 
kinds of flowers and ornamental plants) and crops (Such as 
Strawberry, melon, watermelon and bell pepper) that are 
pollinated through honeybees and Eristalis cerealis that 
need ultraViolet light for their activity. Sheet glass is dan 
gerous due to its fragility and requires Stronger frameworks 
to be installed in greenhouses due to its weight heavier than 
those of plastic panels. 
To overcome these problems, fluoroplastic films made of 

tetrafluoroethylene-ethylene copolymers (hereinafter 
referred to as ETFE) and vinyl fluoride polymers have been 
proposed as agricultural covering materials for their excel 
lent properties Such as durability and acid rain resistance, 
their proven service life of from 10 to 15 years, ease of being 
cleaned up by rainwater and resistance to breakage. 

In general, when an agricultural covering material is 
installed in a pipe house or the like, it is fastened to the 
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2 
framework of the house with anchors So as not to loosen. 
However, some fluoroplastic films in use have to be 
stretched with great force to be fixed due to their poor 
flexibility resulting from their large moduli of elasticity. 

Use of lining films inside of greenhouses is intended to 
prevent rapid temperature drops inside the greenhouses 
which frequently takes place during the day or at night, 
especially at night, in winter and to improve heating effi 
ciency of the heater in the greenhouse, and Sometimes to 
block part of excessive Sunlight for the proper amount of 
insolation. 

Thus, greenhouse lining films are frequently spread and 
folded during the day, in the evening or in the morning, and 
stiff films are difficult to fold and crease-prone. 

DISCLOSURE OF THE INVENTION 

The object of the present invention is to solve the above 
mentioned problems by providing an agricultural covering 
material made of a fluoroplastic film with a Small modulus 
of elasticity, excellent flexibility, a specific gravity Smaller 
than that of a conventional fluoroplastic film and excellent 
handling property in installation. The present invention has 
made it possible to provide an agricultural covering material 
made of a fluoroplastic film excellent in not only flexibility 
but also toughneSS Such as tensile Strength. 

Namely, the present invention provides an agricultural 
covering material made of a fluorine-containing polymer 
film having a dynamic viscoelastic modulus of from 1 to 70 
kg/mm’, a tensile strength of from 1.5 to 5.0 kg/mm', a 
Specific gravity of from 1.0 to 2.0 and a contact angle with 
water of at most 106. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

The fluorine-containing polymer film in the present inven 
tion is, for example, a film molded from a composition 
comprising 100 parts by weight of a tetrafluoroethylene 
(hereinafter referred to as TFE)-ethylene copolymer 
(hereinafter referred to as copolymer 1) and from 5 to 100 
parts by weight of a tetrafluoroethylene-propylene elastic 
copolymer (hereinafter referred to as copolymer 2). 

Copolymer 2 preferably comprises from 5 to 70 mol % of 
polymerization units derived from propylene. 

Copolymer 1 may comprise polymerization units derived 
from TFE and polymerization units derived from ethylene in 
a (weight) ratio of from 70/30 to 30/70 and further comprise 
from 0.1 to 10 mol % of polymerization units derived from 
a compound represented by CH=CH-CF (wherein n 
is an integer of from 2 to 10). 

In the present invention, the amount of copolymer 2 is 
from 5 to 100 parts by weight in relation to 100 parts by 
weight of copolymer 1. If the amount is Smaller than 5 parts 
by weight, the resulting film does not have appreciable 
flexibility, and if the amount is larger than 100 parts by 
weight, the resulting film tends to have poor Strength. 

Copolymer 1 preferably comprises polymerization units 
derived from TFE and polymerization units derived from 
ethylene in a (molar) ratio of from 70/30 to 30/70, in 
particular in a (molar) ratio of from 65/35 to 45/55. If the 
ratio is larger than 70/30, film formation is difficult, and if 
the ratio is smaller than 30/70, the resulting film tends to be 
poor in Wetherability and acid rain resistance. 
When copolymer 1 further comprises polymerization 

units derived from a compound represented by CH=CH 
CF (wherein n is an integer of from 2 to 10), the content 
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is preferably from 0.1 to 10 mol %, in particular from 0.3 to 
5 mol%. If the content is larger than 10 mol %, the resulting 
film tends to be poor in wetherability and acid rain 
resistance, and if content is Smaller than 0.1 mol %, the 
resulting film tends to be poor in mechanical properties. 

Copolymer 1 itself is not novel and can be obtained, for 
example, by the method disclosed in JP-B-59-50163. Vari 
ous conventional polymerization techniqueS Such as bulk 
polymerization, Suspension polymerization, emulsion poly 
merization and Solution polymerization are applicable to 
production of copolymer 1. Commercial products called 
“Aflon COP” (Asahi Glass Company) and “Aflon LM” 
(Asahi Glass Company) may be used as copolymer 1. 

The molecular weight of copolymer 1 is not particularly 
limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 1 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 300° C. under a load of 7 kg. 

Copolymer 2 is a copolymer of TFE and propylene 
preferably comprising polymerization units derived from 
TFE and polymerization units derived from propylene in a 
(molar) ratio of from 95/5 to 30/70, in particular from 90/10 
to 40/60. If the amount of the polymerization units derived 
from propylene is Smaller than 5 mol %, copolymer 2 has 
poor elasticity and can not impart flexibility to the film, and 
if the amount of the polymerization units derived from 
propylene is larger than 70 mol %, the resulting film is poor 
in Wetherability and acid rain resistance. 

Copolymer 2 may comprise polymerization units derived 
from one or more additional comonomers. Such comono 
mers include C-olefins Such as ethylene and isobutylene, 
acrylic acid, methacrylic acid and alkyl esters thereof, 
fluorine-containing olefins Such as vinyl fluoride, Vinylidene 
fluoride, hexafluoropropylene and chlorotrifluoroethylene 
and fluorine-containing vinyl etherS Such as perfluoro(Vinyl) 
ether. 
The (total) amount of the polymerization units derived 

from these additional comonomer(s) in copolymer 2 is 
preferably smaller than 50 mol %, in particular smaller than 
40 mol %. 

The molecular weight of copolymer 2 is preferably at 
least 50,000, in particular at least 70,000, especially par 
ticularly from 100,000 to 250,000. An excessively low 
molecular weight would end in a film with poor mechanical 
properties, and an excessively high molecular weight would 
end in a composition with poor moldability. 

Various polymerization techniqueS Such as bulk 
polymerization, emulsion polymerization and Solution poly 
merization are applicable to production of copolymer 2. A 
commercial product called “AFLAS” (Asahi Glass 
Company) may be used as copolymer 2. 
The film made of a fluorine-containing polymer in the 

present invention is, for example, a film molded from a 
composition comprising 100 parts by weight of copolymer 
1 mentioned above (a tetrafluoroethylene-ethylene 
copolymer) and from 5 to 80 parts by weight of a 
tetrafluoroethylene-propylene-ethylene copolymer 
(hereinafter referred to as copolymer 3). 

Copolymer 3 preferably comprises from 40 to 70 mol % 
of polymerization units derived from TFE, from 10 to 50 
mol % of polymerization units derived from propylene and 
from 1 to 50 mol % of polymerization units derived from 
ethylene, in particular from 45 to 60 mol % of polymeriza 
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4 
tion units derived from TFE, from 30 to 45 mol % of 
polymerization units derived from propylene and from 3 to 
30 mol % of polymerization units derived from ethylene. 
Copolymer 3 within this range is preferable for its low 
modulus of elasticity and flexibility. 
Copolymer 3 may comprise polymerization units derived 

from one or more additional comonomerS Such as fluorine 
containing olefins and hydrocarbon olefins. Such comono 
mer components include C-olefins Such as 1-butene, 
2-butene and isobutylene, fluorine-containing olefins Such as 
(perfluorobutyl)ethylene, (perfluorohexyl)ethylene, 
(perfluorooctyl)ethylene, hexafluoropropylene, vinyl 
fluoride, vinyliden fluoride and trichlorofluoroethylene, 
fluorine-containing vinyl etherS Such as perfluoro(ethyl 
vinyl ether), perfluoro(methyl vinyl ether) and perfluoro 
(propyl vinyl ether) and fluorine-containing acrylates. 
The polymerization units derived from comonomer com 

ponents in copolymer 3 are preferably in an amount of at 
most 50 mol %, in particular in Such an amount as Small as 
at most 10 mol % but effective for improvement of copoly 
mer 3. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 3. 
The molecular weights of copolymer 1 and copolymer 3 

are not particularly limited but preferably correspond to a 
flow rate by volume of from 1 to 300 mm/sec, in 3 
particular from 1 to 100 mm/sec, in view of physical 
properties and production of the film. The flow rate by 
volume is defined as an outflow by volume of a fluorine 
containing copolymer in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 300° C. for copolymer 1 and 
at 200 C. for copolymer 3 under a load of 7 kg. 

In the present invention, the amount of copolymer 3 is 
from 5 to 80 parts by weight in relation to 100 parts by 
weight of copolymer 1. If the amount is Smaller than 5 parts 
by weight, the resulting film does not have appreciable 
flexibility, and if the amount is larger than 80 parts by 
weight, the resulting film tends to have poor Strength. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film molded from a 
composition comprising 100 parts by weight of copolymer 
1 mentioned above (a tetrafluoroethylene-ethylene 
copolymer) and from 5 to 200 parts by weight of a TFE 
propylene-Vinylidene fluoride (hereinafter referred to as 
VdE) copolymer (hereinafter referred to as copolymer 4). 

Copolymer 4 preferably comprises from 5 to 85 mol % of 
polymerization units derived from TFE, from 1 to 45 mol % 
of polymerization units derived from propylene and from 5 
to 70 mol % of polymerization units derived from VdF, in 
particular from 15 to 80 mol % of polymerization units 
derived from TFE, from 5 to 40 mol % of polymerization 
units derived from propylene and from 10 to 50 mol % of 
polymerization units derived from VdE. Copolymer 4 within 
this range is preferable for its Small modulus of elasticity and 
flexibility. 

Copolymer 4 may comprise polymerization units derived 
from one or more additional comonomerS Such as fluorine 
containing olefins and hydrocarbon olefins. Such comono 
mer components include C-olefins Such as propylene, 
1-butene, 2-butene and isobutylene, fluorine-containing ole 
fins Such as (perfluorobutyl)ethylene, (perfluorohexyl) 
ethylene, (perfluorooctyl)ethylene, hexafluoropropylene, 
vinyl fluoride and trichlorofluoroethylene, fluorine 
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containing vinyl etherS Such as perfluoro(ethyl vinyl ether), 
perfluoro(methyl vinyl ether) and perfluoro(propyl vinyl 
ether) and fluorine-containing acrylates. 

The polymerization units derived from Such comonomer 
components in copolymer 4 are preferably in an amount of 
at most 50 mol %, in particular in Such an amount as Small 
as at most 10 mol % but effective for improvement of 
copolymer 4. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 4. 
The molecular weights of copolymer 1 and copolymer 4 

are not particularly limited but preferably correspond to a 
flow rate by volume of from 1 to 300 mm/sec, in particular 
from 1 to 100 mm/sec, in view of physical properties and 
production of the film. The flow rate by volume is defined as 
an outflow by Volume of a fluorine-containing copolymer in 
a unit time (mm/sec) through a nozzle of 1 mm in diameter 
and 2 mm in length measured with a Koka-type flow tester 
at 300° C. for copolymer 1 and at 200+ C. for copolymer 4 
under a load of 7 kg. 

In the present invention, the amount of copolymer 4 is 
from 5 to 200 parts by weight in relation to 100 parts by 
weight of copolymer 1. If the amount is Smaller than 5 parts 
by weight, the resulting film does not have appreciable 
flexibility, and if the amount is larger than 200 parts by 
weight, the resulting film tends to have poor Strength. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film molded from a 
composition comprising 100 parts by weight of a TFE 
ethylene-propylene copolymer (hereinafter referred to as 
copolymer 5) and from 5 to 100 parts by weight of copoly 
mer 2 mentioned above (a TFE-propylene elastic 
copolymer). 

Copolymer 2 is preferably a copolymer comprising from 
5 to 70 mol % of polymerization units derived from propy 
lene. 

Copolymer 5 may comprise polymerization units derived 
from one or more additional comonomers. Such additional 
comonomers include C-olefins Such as 1-butene, 2-butene 
and isobutylene, fluorine-containing olefins Such as 
Vinylidene fluoride, hexafluoropropylene, trichlorofluoroet 
hylene and vinyl fluoride, vinyl ethers such as ethyl vinyl 
ether, perfluoro(methyl vinyl ether) and perfluoro(propyl 
vinyl ether) and fluorine-containing acrylates. The polymer 
ization units derived from Such comonomer components in 
copolymer 5 are preferably in an amount of at most 50 mol 
%, in particular in Such an amount as at most 10 mol % but 
effective for improvement of copolymer 5. 

The molecular weight of copolymer 5 is not particularly 
limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 5 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 200 C. under a load of 7 kg. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 5. 

In the present invention, the amount of copolymer 2 is 
from 5 to 100 parts by weight in relation to 100 parts by 
weight of copolymer 5. If the amount is Smaller than 5 parts 
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6 
by weight, the resulting film does not have appreciable 
flexibility, and if the amount is larger than 100 parts by 
weight, the resulting film tends to have poor Strength. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film molded from a 
composition comprising 100 parts by weight of copolymer 
5 mentioned above (a TFE-ethylene-propylene copolymer) 
and from 5 to 200 parts by weight of copolymer 4 mentioned 
above (a TFE-propylene-VdF copolymer). 
Copolymer 5 preferably comprises from 40 to 70 mol % 

of polymerization units derived from TFE, from 20 to 50 
mol % of polymerization units derived from ethylene and 
from 5 to 40 mol % of polymerization units derived from 
propylene, in particular from 45 to 65 mol % of polymer 
ization units derived from TFE, from 20 to 45 mol % of 
polymerization units derived from ethylene and from 8 to 25 
mol % of polymerization units derived from propylene. 
Copolymer 5 within this range is preferable for its compat 
ibility with copolymer 4 and appropriate tensile Strength. 

Copolymer 5 may comprise polymerization units derived 
from one or more comonomer components Such as fluorine 
containing olefins and hydrocarbon olefins. Such comono 
mer components include C-olefins Such as 1-butene and 
isobutylene, fluorine-containing olefins Such as 
hexafluoropropylene, trichlorofluoroethylene and vinyl 
fluoride, vinyl ethers such as perfluoro(methyl vinyl ether) 
and perfluoro(propyl vinyl ether) and fluorine-containing 
acrylates. The polymerization units derived from comono 
mer components in the copolymer are preferably in an 
amount of at most 50 mol %, in particular in Such an amount 
as Small as at most 10 mol % but effective for improvement 
of copolymer 5. 
The molecular weights of copolymer 4 and copolymer 5 

are not particularly limited but preferably correspond to a 
flow rate by volume of from 1 to 300 mm/sec, in particular 
from 1 to 100 mm/sec, in view of physical properties and 
production of the film. The flow rate by volume is defined as 
an outflow by Volume of a copolymer in a unit time 
(mm/sec) through a nozzle of 1 mm in diameter and 2 mm 
in length measured with a Koka-type flow tester at 200 C. 
under a load of 7 kg. 

In the present invention, the amount of copolymer 4 is 
from 5 to 200 parts by weight in relation to 100 parts by 
weight of copolymer 5. If the amount is Smaller than 5 parts 
by weight, the resulting film does not have appreciable 
flexibility, and if the amount is larger than 200 parts by 
weight, the resulting film tends to have poor Strength. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film of a fluorine 
containing copolymer (hereinafter referred to as copolymer 
6) comprising from 5 to 84 mol % of polymerization units 
derived from tetrafluoroethylene (TFE), from 1 to 45 mol % 
of polymerization units derived from hexafluoropropylene 
(hereinafter referred to as HFP) and from 5 to 90 mol % of 
polymerization units derived from vinyliden fluoride (VdB). 

In particular, a film of copolymer 6 comprising from 10 to 
80 mol % of polymerization units derived from TFE, from 
5 to 30 mol% of polymerization units derived from HFP and 
from 15 to 85 mol % of polymerization units derived from 
VdF is preferable. 
One or more additional comonomer components Such as 

fluorine-containing olefins and hydrocarbon olefins may be 
copolymerized to prepare copolymer 6. Such comonomer 
components include C-olefins Such as propylene, a butene 
and isobutylene, fluorine-containing olefins Such as trichlo 
rofluoroethylene and vinyl fluoride, vinyl ethers such as 
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ethyl vinyl ether, perfluoromethyl vinyl ether and perfluo 
ropropyl Vinyl ether and fluorine-containing acrylates. These 
copolymer components in copolymer 6 are preferably copo 
lymerized in an amount of at most 50 mol %, in particular 
in Such an amount as Small as at most 10 mol% but effective 
for improvement of copolymer 6. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 6. 
The molecular weight of copolymer 6 is not particularly 

limited but preferably corresponds to a flow rate by volume 
of from 5 to 300 mm/sec, in particular from 10 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 6 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 200 C. under a load of 7 kg. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film of a fluorine 
containing copolymer (hereinafter referred to as copolymer 
7) comprising from 5 to 85 mol % of polymerization units 
derived from TFE, from 1 to 50 mol % of polymerization 
units derived from propylene and from 5 to 70 mol % of 
polymerization units derived from VdF. 

In particular, a film of copolymer 7 comprising from 15 to 
80 mol % of polymerization units derived from TFE, from 
5 to 40 mol % of polymerization units derived from propy 
lene and from 10 to 50 mol % of polymerization units 
derived from VdF is preferable. 
One or more additional comonomer components Such as 

fluorine-containing olefins and hydrocarbon olefins may be 
copolymerized to prepare copolymer 7. Such comonomer 
components include C-olefins Such as propylene, a butene 
and isobutylene, fluorine-containing olefins Such as trichlo 
rofluoroethylene and vinyl fluoride, vinyl ethers such as 
ethyl vinyl ether, perfluoromethyl vinyl ether and perfluo 
ropropyl Vinyl ether and fluorine-containing acrylates. These 
copolymer components in copolymer 7 are preferably copo 
lymerized in an amount of at most 50 mol %, in particular 
in Such an amount as Small as at most 10 mol% but effective 
for improvement of copolymer 7. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 7. 
The molecular weight of copolymer 7 is not particularly 

limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 7 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 200 C. under a load of 7 kg. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film of a fluorine 
containing copolymer (hereinafter referred to as copolymer 
8) comprising from 0.05 to 20 mol % in total of polymer 
ization units derived from at least one fluorinated comono 
mer represented by the following formula 1, formula 2 or 
formula 3, 30 to 85 mol % of polymerization units derived 
from TFE, from 1 to 30 mol % of polymerization units 
derived from propylene and from 5 to 68.5 mol % of 
polymerization units derived from VdF. 

In the following formula 1, formula 2 and formula 3, Y is 
a fluorine atom or a hydrogen atom, R is a C-12 bivalent 
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8 
fluorine-Substituted organic group, X is a fluorine atom, a 
chlorine atom or a hydrogen atom, n is an integer of from 0 
to 3, and m is an integer of from 1 to 4. 

XRCY=CH, formula 1 

XROCF=CF, formula 2 

CF (CF) (OCF(CF)CF).OCF=CF, formula 3 

At least one fluorinated comonomer Selected from for 
mula 1, formula 2 or formula 3 is used. The bivalent 
fluorine-Substituted organic group as R is Substituted with at 
least one fluorine atom and is preferably a completely 
fluorinated fluorine-Substituted organic group. R is prefer 
ably a bivalent fluorine-Substituted organic group having a 
chain made of carbon only or made of carbon and oxygen. 

Specific examples of R include a perfluoroalkylene group 
or a perfluoroalkylene group with an ether linkage. The 
carbon number of R is from 2 to 12, preferably from 2 to 10. 
R is preferably linear but may be branched. When it is 
branched, a short branch having a carbon number of from 1 
to 3 is preferable. 

Specific examples of preferable fluorinated comonomers 
include (perfluoroalkyl)ethylenes Such as (perfluorobutyl) 
ethylene, (perfluorohexyl)ethylene and (perfluorooctyl) 
ethylene, perfluoro(alkyl vinyl ethers) Such as perfluoro 
(methyl vinyl ether), perfluoro(ethyl vinyl ether) and 
perfluoro(propyl vinyl ether) and compounds of formula 3 
wherein n is 0 or 1, and m is 1 or 2. 

In addition to the above-mentioned components Such as 
fluorinated comonomers, TFE, propylene and VdE, one or 
more comonomer Such as C.-olefins like ethylene and 
isobutylene, acrylic acid and its esters, methacrylic acid and 
its e Sters, fluorine - containing ole fins like 
trichlorofluoroethylene, alkyl vinyl ethers like ethyl vinyl 
ether and butyl vinyl ether and vinyl esters like vinyl acetate 
and Vinyl benzoate may be copolymerized to prepare 
copolymer 8. The amount of polymerization units derived 
from these comonomers in copolymer 8 is preferably at most 
10 mol % in total in order to secure copolymer 8 with 
excellent properties. Various conventionally known poly 
merization techniqueS Such as bulk polymerization, Suspen 
Sion polymerization, emulsion polymerization and Solution 
polymerization are applicable to production of copolymer 8. 
The molecular weight of copolymer 8 is not particularly 

limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 8 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 200° C. under a load of 7 kg. 
The film made of a fluorine-containing polymer in the 

present invention is, for example, a film of copolymer 9 
comprising from 40 to 75 mol % of polymerization units 
derived from tetrafluoroethylene, from 20 to 50 mol % of 
polymerization units derived from ethylene and from 5 to 40 
mol % of polymerization units derived from propylene. 

Copolymer 9 may comprise polymerization units derived 
form one or more additional comonomer components Such 
as fluorine-containing olefins and hydrocarbon olefins. Such 
comonomer components include C-olefins Such as 1-butene, 
2-butene and isobutylene, fluorine-containing olefins Such as 
(perfluorobutyl)ethylene, (perfluorohexyl) ethylene, 
(perfluorooctyl) ethylene, hexafluoropropylene, Vinyl fluo 
ride and trichlorofluoroethylene, fluorine-containing vinyl 
ethers such as perfluoro(ethyl vinyl ether), perfluoro(methyl 



US 6,461,719 B1 
9 

vinyl ether) and perfluoro(propyl vinyl ether) and fluorine 
containing acrylates. 

The polymerization units derived from comonomer com 
ponents in copolymer 9 is preferably in an amount of at most 
30 mol %, in particular in Such an amount as Small as at most 
10 mol % but effective for improvement of copolymer 9. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 9. 
The molecular weight of copolymer 9 is not particularly 

limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 9 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 200 C. under a load of 7 kg. 

The film made of a fluorine-containing polymer in the 
present invention is, for example, a film of a TFE-ethylene 
third vinyl monomer copolymer (hereinafter referred to as 
copolymer 10) which comprises polymerization units 
derived from TFE and polymerization units derived from 
ethylene in a (molar) ratio of from 57/43 to 67/33 and 
comprises from 0.1 to 10 (mol %) of polymerization units 
derived from a third vinyl monomer. 

The molar ratio of the polymerization units derived from 
tetrafluoroethylene/the polymerization units derived from 
ethylene in copolymer 10 mentioned above is preferably 
from 61/39 to 67/33. 
The third vinyl monomer in copolymer 10 is a 

(perfluoroalkyl) ethylene represented by CH=CH 
CF (wherein n is an integer of from 2 to 10). 

Copolymer 10 is a copolymer of TFE and ethylene with 
the third vinyl monomer. As the third vinyl monomer, an 
C-olefin Such as 1-butene or isobutylene, a fluorine 
containing olefin Such as Vinylide ne fluorine, 
hexafluoropropylene, trichlorofluoroethylene or vinyl 
fluoride, a vinyl ether Such as a (perfluoroalkyl)ethylene, 
ethyl vinyl ether, perfluoro(methyl vinyl ether) or perfluoro 
(propyl vinyl ether) or a fluorine-containing acrylate may be 
mentioned. Preferred is a perfluoroalkyl)ethylene repre 
Sented by CH2=CH-CF (wherein n is an integer of 
from 2 to 10). 

The amount of polymerization units derived from the 
third vinyl monomer in copolymer 10 is preferably from 0.1 
to 10 mol %, in particular from 0.3 to 5 mol%. Copolymer 
10 comprising polymerization units derived from TFE and 
polymerization units derived from ethylene in a molar ratio 
of from 57/43 to 67/33 and from 0.1 to 10 (mol %) of 
polymerization units derived from a third vinyl monomer is 
preferable as an agricultural covering material for its low 
modulus of elasticity and its flexibility. The low modulus of 
elasticity is Supposed to be attributable to the low crystal 
linity of copolymer 10. 

Various conventionally known polymerization techniques 
Such as bulk polymerization, Suspension polymerization, 
emulsion polymerization and Solution polymerization are 
applicable to production of copolymer 10. 
The molecular weight of copolymer 10 is not particularly 

limited but preferably corresponds to a flow rate by volume 
of from 1 to 300 mm/sec, in particular from 1 to 100 
mm/sec, in view of physical properties and production of 
the film. The flow rate by volume is defined as an outflow by 
volume of copolymer 10 in a unit time (mm/sec) through a 
nozzle of 1 mm in diameter and 2 mm in length measured 
with a Koka-type flow tester at 300° C. under a load of 7 kg. 
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An agricultural covering material is preferred to be a 

flexible film for ease of fastening to the framework of a 
greenhouse. The film made of a fluorine-containing polymer 
of the present invention has a dynamic Viscoelastic modulus 
of from 1 to 70 kg/mm and excellent flexibility and is 
preferred to have a dynamic Viscoelastic modulus of from 3 
to 60 kg/mm. 
The film made of a fluorine-containing polymer in the 

present invention not only is excellent in flexibility but also 
has a tensile strength as excellent as from 1.5 to 5.0 kg/mm 
and a relatively small specific gravity of from 1.0 to 2.0. 
The film in the present invention is molded by known 

molding methods Such as inflation and extrusion molding. If 
the film is too thin, it easily tears, and if the film is too thick, 
it is tough to cut, bond and unfold, and the light transmit 
tance is low. The thickness is preferably from 10 to 300 um, 
in particular from 20 to 100 um, and the preferable film 
width is usually from 1000 to 2000 mm in view of produc 
tion and handling of the film. 
The fluorine-containing polymer in the present invention 

may be blended with colorants Such as titanium oxide, Zinc 
flower, calcium carbonate, precipitated Silica, carbon black, 
chrome yellow, Phthalocyanine Blue and Phthalocyanine 
Green, if necessary, when molded into a film. 
The inside of a greenhouse as an agricultural and horti 

cultural facility is usually warm and humid, and moisture 
droplets tends to be formed on the underside and the inner 
side by condensation. The moisture droplets hinder healthy 
growth of the plants under it by blocking Sun light and by 
falling down on the plants. Therefore, it is desirable that the 
contact angle of the film with water is not large. The film of 
the present invention has a contact angle with water of at 
most 106. Films of fluoroplastics with no hydrogen atoms 
are unfavorable due to their contact angles of more than 
106. 

It is desirable to treat the inner Surface of a greenhouse 
with a anti-drop agent Such as a mixture of an alcohol 
dissolved or water-dispersed fluoroplastic and an inorganic 
hydrophilic colloidal Substance, a mixture of a hydrophilic 
polymer and a Surfactant and a mixture of a hydrophilic 
polymer, a Surfactant and an inorganic hydrophilic colloidal 
Substance in order to avoid moisture droplets from Staying 
there. AS the inorganic hydrophilic colloidal Substance, 
colloidal Silica, colloidal alumina or colloidal titania may be 
used. Hydrophilic polymers include polyvinyl alcohol and 
polymers with general hydrophilic functional groups Such as 
SOH,-COOH, -NH, -CN and -(OCH2CH), The 

Surfactant may be anionic, cationic or nonionic. 
Due to the low contact angle with water of at most 106, 

the film of the present invention has affinity advantageous in 
various Surface treatments and blending. 

The film of the present invention can be installed in not 
only a tunnel house and a pipe house but also a practical 
large greenhouse as an agricultural covering material and 
can be used as a greenhouse liner film for enclosed crop 
cultivation like ordinary agricultural covering materials. 
Now, the present invention will be described in further 

details by referring to Examples and Comparative 
Examples. However, the present invention is by no means 
restricted thereby. 
The dynamic Viscoelastic modulus as an indicator of 

flexibility was measured at 25 C. with a dynamic viscoelas 
tometer (Toyo Seiki, model rheolograph solid L-1). 

For the transparency, the total light transmittance and the 
haze were measured with a hazemeter (Nihon Seimitsu 
Kogaku, model SEP-T) as indicators of transparency. 
The Specific gravity was measured in accordance with JIS 

K-7112 method A. 
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The contact angle with water was measured with a contact 
angle meter (Kyowa Interface Science Co., Ltd., model 
CA-X). 
The handling property in installation was rated on the 

basis of the difficulty in installation of the film by spreading 
it out and fastening it to the framework with pegs, as O 
(easy to install), A (more difficult to install than a flexible 
vinyl chloride resin) or X (installable but laboriously stiff 
and crease-prone). 
The handling property in folding was rated on the basis of 

the difficulty in unfolding and folding the lining film for 
greenhouses as O (easy to fold), A (stiff) or X (not foldable). 
Preparation of Copolymer A 
1966 g of perfluorocyclohexane, 14.7 g of methanol, 250 

g of TFE, 17.5g of ethylene (hereinafter referred to as ET) 
and 17.4 g of (perfluorobutyl)ethylene (hereinafter referred 
to as PFBE) were introduced into a deaerated stainless 
autoclave with an internal Volume of 21 equipped with a 
stirrer and heated to 65 C. 14 ml of 10% t-butyl peroxy 
isobutyrate in perfluorocyclohexane was injected to initiate 
polymerization. The reaction was carried out at a pressure of 
15.0 kg/cm G while a 53/47 (molar ratio) gas mixture of 
TFE/ET was introduced to compensate the pressure loss 
accompanying the reaction. The reaction was continued for 
8 hours while 0.1 ml of PFBE was added in relation to 2 g 
of the gas mixture. 

After the reaction was over, the reactor was purged of the 
remaining monomers, and the copolymer dispersant was 
filtered, washed and dried to give 164 g of white copolymer 
A. Copolymer A was found to comprise polymerization 
units derived from TFE, polymerization units derived from 
ET and polymerization units derived from PFBE in a (molar) 
ratio of 53.1/45.5/1.4 by NMR analysis and had a melting 
point of 260° C. and a flow rate by volume of 51.6 mm/sec. 
Preparation of Copolymer B 
1966 g of perfluorocyclohexane, 14.2 g of methanol, 250 

g of TFE, 7.8g of ET and 31.8g of PFBE were introduced 
into a deaerated Stainless autoclave with an internal volume 
of 21 equipped with a stirrer and heated to 65 C. 7 ml of 
50% t-butyl peroxyisobutyrate in perfluorocyclohexane was 
injected to initiate polymerization. The reaction was carried 
out at a pressure of 14.3 kg/cm G while a 60/40(molar ratio) 
gas mixture of TFE/ET was introduced to compensate the 
preSSure loSS accompanying the reaction. The reaction was 
continued for 8 hours while 0.1 ml of PFBE was added in 
relation to 1 g of the gas mixture. 

After the reaction was over, the reactor was purged of the 
remaining monomers, and the copolymer dispersant was 
filtered, washed and dried to give 204 g of white copolymer 
B. Copolymer B was found to comprise polymerization 
units derived from TFE, polymerization units derived from 
ET and polymerization units derived from PFBE in a (molar) 
ratio of 58.9/37.3/3.8 by NMR analysis and had a melting 
point of 220 C. and a flow rate by volume of 85.2 mm/sec. 

EXAMPLE 1. 

Working Example 

A composition comprising 140 parts by weight of copoly 
mer A and 30 parts by weight of AFLAS 100N (Asahi Glass 
Company, polymerization units derived from TFE/ 
polymerization units derived from propylene=56/44 (molar 
ratio)) was extruded through a 30 mm (p extruder with a T die 
of 600 mm wide into a film of 50 um thick at a die 
temperature of 320 C. The mechanical properties dynamic 
viscoelesticity (kg/mm) and tensile strength (kg/mm) and 
the transparency total light transmittance (%) and haze (%) 
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12 
of the film were measured, and the handling property in 
installation and the handling property in folding were evalu 
ated. The results were shown in Table 1. The amounts in 
Table 1 were expressed in parts by weight. 

EXAMPLES 2 to 3 

Working Examples 

Films were formed in the Same manner as in Example 1 
except that the amount of AFLAS 100N was changed to 60 
parts by weight and 100 parts by weight respectively. The 
mechanical properties and the transparency of the films were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 1. 

EXAMPLES 4 to 6 

Working Examples 

Compositions comprising 100 parts by weight of copoly 
mer B and the amounts shown in Table 1 of AFLAS 100N 
were extruded into films of 50 um thick at a die temperature 
270° C. The mechanical properties and the transparency of 
the films were measured, and the handling property in 
installation and the handling property in folding were evalu 
ated in the same manners as in Example 1. The results were 
shown in Table 1. 

EXAMPLE 7 

Comparative Example 

Copolymer A was extruded into a film of 60 um thick at 
a die temperature 320° C. The film was evaluated in the 
Same manners as in Example 1. The results were shown in 
Table 1. 

EXAMPLE 8 

Comparative Example 

A polyvinyl fluoride film of 50 um thick (Tedlar 
200SG40TR, DuPont) was evaluated in the same manners as 
in Example 1. The results are shown in Table 1. 

EXAMPLE 9 

Comparative Example 

Aflon PFA P-66P (tetrafluoroethylene-perfluoroalkyl 
vinyl ether copolymer, Asahi Glass Company) was extruded 
at 380 C. into a film of 50 um thick. The film was evaluated 
in the same manners as in Example 1. The results are shown 
in Table 1. 

EXAMPLE 10 

Comparative Example 

A flon FEP H330 (tetrafluoroethylene - 
hexafluoropropylene copolymer, Asahi Glass Company) 
was extruded at 320 C. into a film of 50 um thick. The film 
was evaluated in the same manners as in Example 1. The 
results are shown in Table 1. 
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TABLE 1. 

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 

Copolymer A 1OO 1OO 1OO 
Copolymer B 1OO 1OO 
AFLAS 1 OON 3O 60 1OO 3O 60 
Dynamic viscoelasticity 69 65 58 54 50 
(kg/mm) 
Tensile strength 3.8 3.1 2.1 3.4 2.7 
(kg/mm) 
Total light 
transmittance (%) 92 91 88 94 94 
Haze (%) 9 15 17 7 12 
Specific gravity 1.69 1.66 1.61 1.68 1.64 
Contact angle () 96.9 96.1 95.8 89.5 87.8 
Handling property in O O O O O 
installation 
Handling property in O O O O O 
folding 

Preparation of Copolymer C 
1387 g of perfluorocyclohexane, 162 g of TFE, 13.4 g of 

propylene (hereinafter referred to as PP) and 1.7 g of ET 
were introduced into a deaerated Stainless autoclave with an 
internal Volume of 1.3 l equipped with a stirrer and heated 
to 66 C.9 ml of 5% t-butyl peroxyisobutyrate in perfluo 
rocyclohexane was injected to initiate polymerization. 

The reaction was continued at a pressure of 14.4 kg/cm G 
for 8 hours while a 54/8/38 (molar ratio) gas mixture of 
TFE/PP/ET was introduced to compensate the pressure loss 
accompanying the reaction. After the reaction was over, the 
reactor was purged of the remaining monomers, and the 
copolymer dispersant was filtered, washed and dried to give 
88 g of white copolymer C. Copolymer C was found to 
comprise polymerization units derived from TFE, polymer 
ization units derived from PP and polymerization units 
derived from ET in a (molar) ratio of 53.2/38.4/8.4 by NMR 
analysis and had a flow rate by volume of 92.3 mm/sec. 
Preparation of Copolymer D 
635 g of deionized water, 5 g of ammonium 

perfluorooctanoate, 32.6 g of TFE, 0.6 g of PP and 0.3 g of 
ET were introduced into a deaerated Stainless autoclave with 
an internal Volume of 11 equipped with a stirrer and heated 
to 80 C. 5 ml of 30% aqueous ammonium persulfate was 
injected to initiate polymerization. 
The reaction was continued at a pressure of 17.7 kg/cm-G 

for 7 hours while a 61/21/18 (molar ratio) gas mixture of 
TFE/PP/ET was introduced to compensate the pressure loss 
accompanying the reaction. After the reaction was over, the 
reactor was purged of the remaining monomers to obtain 837 
g of a copolymer dispersion. The dispersion lateX was 
coagulated by dropwise addition of Sulfuric acid, then 
washed and dried to give 194g of copolymer D. Copolymer 
D was found to comprise polymerization units derived from 
TFE, polymerization units derived from PP and polymer 
ization units derived from ET in a (molar) ratio of 62.1/ 
21.6/16.3 by NMR analysis and had a flow rate by volume 
of 78.2 mm/sec. 

EXAMPLE 11 

Working Example 
A composition comprising 100 parts by weight of copoly 

mer A and 20 parts by weight of copolymer C was extruded 
through a 30 mm (p extruder with a T die of 600 mm wide 
into a film of 50 um thick at a die temperature of 320°C. The 
mechanical properties dynamic viscoelesticity (kg/mm) 
and tensile strength (kg/mm) and the transparency total 
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1OO 

96 184 55 52 

8 4.7 12.7 4.4 2.7 

91 82 96 93 
4 23 4 6 

59 1.74 1.37 2.13 2.13 
9 103.9 80.3 109.3 107.7 

A X A A 

A X A A 

light transmittance (%) and haze (%) of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 2. The amounts in Table 2 were 
expressed in parts by weight. 

EXAMPLE 12 

Working Example 

A film was formed in the same manner as in Example 11 
except that the amount of copolymer C was changed to 40 
parts by weight. The mechanical properties and the trans 
parency of the film were measured, and the handling prop 
erty in installation and the handling property in folding were 
evaluated. The results were shown in Table 2. 

EXAMPLE 13 

Working Example 

A film was formed in the same manner as in Example 11 
except that 60 parts by weight of copolymer D was used 
instead of copolymer C. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 2. 

EXAMPLE 1.4 

Working Example A 
composition comprising 100 parts by weight of copoly 

mer Band 60 parts by weight of copolymer C was extruded 
through the same extruder as used in Example 11 into a film 
of 50 um thick at a die temperature of 275 C. The 
mechanical properties and the transparency of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 2. 

EXAMPLE 1.5 

Working Example 

A film was formed in the same manner as in Example 14 
except that 20 parts by weight of copolymer D was used 
instead of copolymer C. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 2. 
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EXAMPLE 16 

Working Example 

A film was formed in the same manner as in Example 14 
except that 40 parts by weight of copolymer D was used 
instead of copolymer C. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 2. 

TABLE 2 

Ex. 11 Ex. 12 Ex. 13 Ex. 14 Ex. 15 

Copolymer A 1OO 1OO 1OO 
Copolymer B 1OO 1OO 
Copolymer C 2O 40 60 
Copolymer D 60 2O 
Dynamic viscoelasticity 62 51 44 42 57 
(kg/mm) 
Tensile strength 4.3 3.9 3.7 3.6 4.1 
(kg/mm) 
Total light 
transmittance (%) 93 91 91 91 92 
Haze (%) 12 15 16 15 11 
Specific gravity 1.73 1.71 1.68 1.65 1.70 
Contact angle () 102.9 102.6 101.3 92.5 94.3 
Handling property in O O O O O 
installation 
Handling property in O O O O O 
folding 

Preparation of copolymer E 
635 g of deionized water, 5 g of ammonium 

perfluorooctanoate, 15.8g of TFE, 0.3 g of PP and 11.9 g of 
VdF were introduced into a deaerated Stainless autoclave 
with an internal Volume of 11 equipped with a stirrer and 
heated to 70° C. 5 ml of 30% aqueous ammonium persulfate 
was injected to initiate polymerization. 

The reaction was continued at a pressure of 16.7 kg/cm G 
for 7.2 hours while a 45/45/10 (molar ratio) gas mixture of 
TFE/PP/VdF was introduced to compensate the pressure 
loSS accompanying the reaction. After the reaction was over, 
the reactor was purged of the remaining monomers to obtain 
818 g of a copolymer dispersion. The dispersion was coagul 
lated by dropwise addition of ammonium chloride then 
washed and dried to give 188g of copolymer E. Copolymer 
E was found to comprise polymerization units derived from 
TFE, polymerization units derived from PP and polymer 
ization units derived from VdE in a (molar) ratio of 47.5/ 
11.2/41.3 by NMR analysis and had a melting point of 127 
C. and a flow rate by volume of 57.3 mm/sec. 
Preparation of copolymer F 
635 g of deionized water, 5 g of ammonium 

perfluorooctanoate, 14.9 g of TFE, 1.4 g of PP, 9.7 g of VdB 
and 1.2 g of PFBE were introduced into a deaerated stainless 
autoclave with an internal Volume of 11 equipped with a 
stirrer and heated to 80 C. 5 ml of 30% aqueous ammonium 
perSulfate was injected to initiate polymerization. The reac 
tion was carried out at a pressure of 18.3 kg/cm G while a 
58/10/32 (molar ratio) gas mixture of TFE/PP/VdF was 
introduced to compensate the pressure loSS accompanying 
the reaction. The reaction was continued for 8 hours while 
0.1 ml of PFBE was added in relation to 3 g of the gas 
mixture. After the reaction was over, the reactor was purged 
of the remaining monomers to give 840 g of a copolymer 
dispersion. The dispersion lateX was coagulated by dropwise 
addition of sulfuric acid, then washed and dried to give 194 
g of copolymer F. Copolymer F was found to comprise 
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16 
polymerization units derived from TFE, polymerization 
units derived from PP, polymerization units derived from 
VdE and polymerization units derived from PFBE in a 
(molar) ratio of 59.9/11.4/27.3/1.4 by NMR analysis and had 
a melting point of 139 C. and a flow rate by volume of 37.7 
mm/sec. 

EXAMPLE 1.7 
Working Example 

A composition comprising 100 parts by weight of copoly 
mer A and 50 parts by weight of copolymer E was extruded 

16 Ex. 7 Ex. 8 Ex. 9 Ex. 10 

1OO 

96 184 55 52 

9 4.7 12.7 4.4 2.7 

91 82 96 93 
4 23 4 6 

68 1.74 1.37 2.13 2.13 
8 103.9 80.3 109.3 107.7 

A X A A 

A X A A 

through a 30 mm (p extruder with a T die of 600 mm wide 
into a film of 50 um thick at a die temperature of 320°C. The 
mechanical properties dynamic viscoelesticity (kg/mm) 
and tensile strength (kg/mm) and the transparency total 
light transmittance (%) and haze (%) of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 3. The amounts in Table 3 were 
expressed in parts by weight. 

EXAMPLE 1.8 

Working Example 

A film was formed in the same manner as in Example 17 
except that the amount of copolymer E was changed to 120 
parts by weight. The mechanical properties and the trans 
parency of the film were measured, and the handling prop 
erty in installation and the handling property in folding were 
evaluated. The results were shown in Table 3. 

EXAMPLE 1.9 

Working Example 

A film was formed in the same manner as in Example 17 
except that 100 parts by weight of copolymer F was used 
instead of copolymer E. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 3. 

EXAMPLE 2.0 

Working Example 
A composition comprising 100 parts by weight of copoly 

mer B and 120 parts by weight of copolymer E was extruded 
through the same extruder as used in Example 17 into a film 
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of 50 um thick at a die temperature of 275 C. The 
mechanical properties and the transparency of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 3. 

EXAMPLE 21 

Working Example 

A film was formed in the same manner as in Example 20 
except that 50 parts by weight of copolymer F was used 
instead of copolymer E. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 3. 

EXAMPLE 22 

Working Example 

A film was formed in the same manner as in Example 20 
except that 100 parts by weight of copolymer F was used 
instead of copolymer E. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 3. 

TABLE 3 

Ex. 17 Ex. 18 Ex. 19 Ex. 20 Ex. 21 

Copolymer A 1OO 1OO 1OO 
Copolymer B 1OO 1OO 
Copolymer E 50 12O 12O 
Copolymer F 1OO 50 
Dynamic viscoelasticity 49 36 39 37 46 
(kg/mm) 
Tensile strength 4.2 3.9 4.3 4.1 4.4 
(kg/mm) 
Total light 
transmittance (%) 91 94 91 92 93 
Haze (%) 14 12 14 11 9 
Specific gravity 1.70 1.73 1.76 1.76 1.69 
Contact angle () 100.1 99.8 99.3 91.8 93.0 
Handling property in O O O O O 
installation 
Handling property in O O O O O 
folding 

Preparation of Copolymer G 
635 g of deionized water, 5 g of ammonium 

perfluorooctanoate, 32.4 g of TFE, 0.5g of ET and 0.3 g of 50 
PP were introduced into a deaerated stainless autoclave with 
an internal Volume of 11 equipped with a stirrer and heated 
to 70° C. 5 ml of 30% aqueous ammonium persulfate was 
injected to initiate polymerization. The reaction was contin 
ued at a pressure of 15.6 kg/cm’G for 6.7 hours while a 
60/30/10 (molar ratio) gas mixture of TFE/ET/PP was 
introduced to compensate the pressure loSS accompanying 
the reaction. 

After the reaction was over, the reactor was purged of the 
remaining monomers to obtain 826 g of a copolymer dis 
persion. The dispersion was coagulated by dropwise addi 
tion of ammonium chloride then washed and dried to give 
201 g of copolymer G. Copolymer G was found to comprise 
polymerization units derived from TFE, polymerization 
units derived from ET and polymerization units derived 
from PP in a (molar) ratio of 59.6/29.1/11.3 by NMR 
analysis and had a melting point of 179 C. and a flow rate 
by volume of 16.2 mm/sec. 

18 
Preparation of Copolymer H 
610 g of deionized water, 3.6 g of ammonium 

perfluorooctanoate, 14.8g of disodium hydrogen phosphate 
dodecahydrate, 1.59 g of Sodium hydroxide, 3 g of ammo 
nium perSulfate, 0.11 g of iron Sulfate, 0.10 g of ethylene 
diaminetetraacetatic acid and 1.8g of 2-butanol, and then 
23.5g TFE, 2.5g of ET and 1.0 g PP were introduced into 
a deaerated Stainless autoclave with an internal Volume of 1 
1 equipped with a stirrer and maintained at 25 C.2 ml of a 
Solution containing 1.76 g of Sodium hydroxide and 0.29 g 
of Rongalite in relation to 10 ml of water was injected to 
initiate polymerization. The reaction was continued at a 
pressure of 16.8 kg/cm-G for 72 hours while a 50/25/25 
(molar ratio) gas mixture of TFE/ET/PP was introduced to 
compensate the pressure loSS accompanying the reaction. 

1O 

15 

After the reaction was over, the reactor was purged of the 
remaining monomers to obtain 826 g of a copolymer dis 
persion. The dispersion was coagulated by dropwise addi 
tion of ammonium chloride then washed and dried to give 
186 g of copolymer H. Copolymer H was found to comprise 
polymerization units derived from TFE, polymerization 
units derived from ET and polymerization units derived 
from PP in a (molar) ratio of 50.3/27.0/22.7 by NMR 
analysis and had a melting point of 147 C. and a flow rate 
by volume of 31.9 mm/sec. 

Ex. 22 Ex. 7 Ex. 8 Ex. 9 Ex. 11 

1OO 
1OO 

1OO O 
42 96 184 55 52 

4.2 4.7 12.7 4.4 2.7 

93 91 82 96 93 
8 4 23 4 6 
1.75 1.74 1.37 2.13 2.13 

92.2 103.9 80.3 109.3 107.7 
O A X A A 

O A X A A 

EXAMPLE 23 

Working Example 
A composition comprising 100 parts by weight of copoly 

mer G and 30 parts by weight of AFLAS 100N (Asahi Glass 
Company, polymerization units derived from TFE/ 
polymerization units derived from propylene=56/44 (molar 
ratio)) was extruded through a 30 mm (p extruder with a T die 
of 600 mm wide into a film of 50 um thick at a die 
temperature of 220 C. The mechanical properties dynamic 
viscoelesticity (kg/mm) and tensile strength (kg/mm) and 
the transparency total light transmittance (%) and haze (%) 
of the film were measured, and the handling property in 
installation and the handling property in folding were evalu 
ated. The results were shown in Table 4. The amounts in 
Table 4 were expressed in parts by weight. 

EXAMPLES 24 to 25 

55 

60 

65 Working Examples 

Films were formed in the same manner as in Example 23 
except that the amount of AFLAS 100N was changed to 60 
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parts by weight and 100 parts by weight. The mechanical 
properties and the transparency of the films were measured, 
and the handling property in installation and the handling 
property in folding were evaluated. The results were shown 
in Table 4. 

EXAMPLES 26 to 28 

Working Examples 

Compositions comprising 100 parts by weight of copoly 
mer H and the amounts shown in Table 4 of AFLAS 100N 
were extruded into films in the same matter as in Example 
23. The mechanical properties and the transparency of the 
films were measured, and the handling property in installa 
tion and the handling property in folding were evaluated. 
The results were shown in Table 4. 

TABLE 4 

Ex. 23 Ex. 24 Ex. 25 Ex. 26 Ex. 27 

Copolymer G 1OO 1OO 1OO 
Copolymer H 1OO 1OO 
Copolymer A 
AFLAS 1 OON 3O 60 1OO 3O 60 
Dynamic viscoelasticity 67 64 58 56 51 
(kg/mm) 
Tensile strength 3.7 3.3 2.8 3.6 2.7 
(kg/mm) 
Total light 
transmittance (%) 94 92 89 94 93 
Haze (%) 9 14 16 8 13 
Specific gravity 1.58 1.57 1.54 155 1.52 
Contact angle () 95.2 94.9 94.4 95.1 94.7 
Handling property in O O O O O 
installation 
Handling property in O O O O O 
folding 

EXAMPLE 29 

Working Example 

A composition comprising 100 parts by weight of copoly 
mer G and 50 parts by weight of copolymer E was extruded 

Ex. 29 Ex. 30 

Copolymer G 1OO 1OO 
Copolymer H 
Copolymer E 50 1OO 
Copolymer F 
Copolymer A 
Dynamic viscoelasticity 51 41 
(kg/mm) 
Tensile strength 3.9 3.5 
(kg/mm) 
Total light 91 93 
transmittance (%) 
Haze (%) 13 11 
Specific gravity 1.66 1.69 
Contact angle () 97.5 97.9 
Handling property in O O 
installation 
Handling property in O O 
folding 

20 
through a 30 mm (p extruder with a T die of 600 mm wide 
into a film of 50 um thick at a die temperature of 220 C. The 
mechanical properties dynamic viscoelesticity (kg/mm) 
and tensile strength (kg/mm) and the transparency total 

5 light transmittance (%) and haze (%) of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results 
were shown in Table 5. The amounts in Table 5 were 
expressed in parts by weight. 

1O 

EXAMPLES 30 to 34 

Working Examples 

Films were formed by using the resin compositions shown 
in Table 5 in the same manner as in Example 29. The 

Ex. 28 Ex. 7 Ex. 8 Ex. 9 Ex. 11 

1OO 
1OO 

1OO 
46 96 184 55 52 

1.9 4.7 12.7 4.4 2.7 

91 91 82 96 93 
16 4 23 4 6 
1.5O 1.74 1.37 2.13 2.13 

94.2 103.9 80.3 109.3 107.7 
O A X A A 

O A X A A 

mechanical properties and the transparency of the films were 
measured, and the handling property in installation and the 
handling property in folding were evaluated in the same 
manners as in Example 29. The results were shown in Table 
5. 

TABLE 5 

Ex. 31 Ex. 32 Ex. 33 Ex. 34 Ex. 7. Ex. 8 Ex. 9 Ex. 11 

1OO 
1OO 1OO 1OO 
50 1OO 

12O 12O 
1OO 

43 49 41 39 96 184 55 52 

3.7 3.8 3.8 3.5 4.7 12.7 4.4 2.7 

93 92 94 95 91 82 96 93 

1O 12 9 8 4 23 4 6 
1.7O 1.65 1.65 1.67 1.74 1.37 2.13 2.13 

98.0 97.3 97.8 99.8 103.9 80.3 109.3 107.7 
O O O O A X A A 

O O O O A X A A 
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EXAMPLE 35 

Working Example 

A fluorine-containing copolymer (THV200G, 3M) com 
prising polymerization units derived from TFE, polymeriza 
tion units derived from HFP and polymerization units 
derived from VdF in a ratio of 40/10/50 (mol%) and having 
a melting point of 120° C. and a flow rate by volume of 13.7 
mm/sec was extruded into a film of 60 um thick at a 
temperature of 180° C. The mechanical properties dynamic 
viscoelesticity (kg/mm) and tensile strength (kg/mm) and 
the transparency total light transmittance (%) and haze (%) 
of the film were measured, and the handling property in 
installation and the handling property in folding were evalu 
ated. The results were shown in Table 6. 

EXAMPLE 36 

Working Example 

A fluorine-containing copolymer (THV400G, 3M) com 
prising polymerization units derived from TFE, polymeriza 
tion units derived from HFP and polymerization units 
derived from VdE in a ratio of 55/10/35 (mol%) and having 
a melting point of 150° C. and a flow rate by volume of 39.6 
mm/sec was extruded into a film of 60 um thick at a 
temperature of 220 C. The film was measured and evalu 
ated in the same manners as in Example 35. The results were 
shown in Table 6. 

EXAMPLE 37 

Working Example 

A fluorine-containing copolymer (THV500G, 3M) com 
prising polymerization units derived from TFE, polymeriza 
tion units derived from HFP and polymerization units 
derived from VdF in a ratio of 58/10/32 (mol%) and having 
a melting point of 164° C. and a flow rate by volume of 67.5 
mm/sec was extruded into a film of 60 um thick at a 
temperature of 220 C. The film was measured and evalu 
ated in the same manners as in Example 35. The results were 
shown in Table 6. 

TABLE 6 

Ex. 35 Ex. 36 Ex. 37 Ex. 7 Ex. 8 

Dynamic viscoelasticity 12 43 44 96 184 
(kg/mm) 
Tensile strength 2.8 3.2 3.2 4.7 12.7 
(kg/mm) 
Total light 98 96 96 91 82 
transmittance (%) 
Haze (%) 3 3 6 4 23 
Specific gravity 1.94 1.98 2.OO 1.74 1.37 
Contact angle () 94.4 93.8 93.5 103.9 80.3 
Handling property in O O O A X 
installation 
Handling property in O O O A X 
folding 

EXAMPLE 38 

Working Example 
635 g of deionized water, 5 g of ammonium 

15 

25 

35 

40 

Ex. 

55 

4. 

96 

4 
2. 

109. 
A 

A 

60 

22 
heated to 70° C. 5 mg of 30% aqueous ammonium persulfate 
was injected to initiate polymerization. The reaction was 
continued at a pressure of 16.7 kg/cm’G for 7.2 hours while 
a 45/45/10 (molar ratio) gas mixture of TFE/PP/VdF was 
introduced to compensate the preSSure loSS accompanying 
the reaction. 

After the reaction was over, the reactor was purged of the 
remaining monomers to obtain 818 g of a copolymer dis 
persion. The dispersion was coagulated by dropwise addi 
tion of ammonium chloride then washed and dried to give 
188g of a copolymer. The copolymer was found to comprise 
polymerization units derived from TFE, polymerization 
units derived from PP and polymerization units derived from 
VdF in a (molar) ratio of 47.5/11.2/41.3 by NMR analysis 
and had a melting point of 127 C. and a flow rate by volume 
of 57.3 mm/sec. 
The fluorine-containing copolymer was extruded into a 

film of 80 um thick at a temperature of 200 C. The 
mechanical properties and transparency of the film were 
measured, and the handling property in installation was 
evaluated. The results are shown in Table 7. 

EXAMPLE 39 

Working Example 

610 g of deionized water, 3.6 g of ammonium 
perfluorooctanoate, 14.8g of disodium hydrogen phosphate 
dodecahydrate, 1.59 g of Sodium hydroxide, 3 g of ammo 
nium perSulfate, 0.11 g of iron Sulfate, 0.10 g of ethylene 
diaminetetraacetatic acid and 1.8g of 2-butanol, and then 
17.5g of TFE, 1.5g of PP and 9.0 g of VdB were introduced 
into a deaerated Stainless autoclave with an internal volume 

of 11 equipped with a stirrer and maintained at 25 C.2 ml 
of a solution containing 1.76 g of sodium hydroxide and 0.29 
g of Rongalite in relation to 10 ml of water was injected to 
initiate polymerization. 

9 Ex. 11 

52 

4 2.7 

93 

6 
13 2.13 
3 107.7 

A 

A 

The reaction was continued at a pressure of 18.7 kg/cm'G 
for 10.2 hours while a 60/15/25 (molar ratio) gas mixture of 
TFE/PP/VdF was introduced to compensate the pressure 
loSS accompanying the reaction. After the reaction was over, 

perfluorooctanoate, 15.8g of TFE, 0.3 g of PP and 11.9 g of 65 the reactor was purged of the remaining monomers to obtain 
VdF were introduced into a deaerated Stainless autoclave 
with an internal Volume of 11 equipped with a stirrer and 

832 g of a copolymer dispersion. The dispersion was coagul 
lated by dropwise addition of ammonium chloride then 
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washed and dried to give 179 g of a copolymer. The 
copolymer was found to comprise polymerization units 
derived from TFE, polymerization units derived from PP 
and polymerization units derived from VdFPP in a (molar) 
ratio of 62.3/18.1/19.6 by NMR analysis and had a melting 
point of 155° C. and a flow rate by volume of 27.1 mm/sec. 
A film was formed and evaluated in the same manners as in 
Example 38. The results are shown in Table 7. 

Dynamic viscoelasticity 
(kg/mm) 
Tensile strength 
(kg/mm) 
Total light 
transmittance (%) 
Haze (%) 
Specific gravity 
Contact angle () 
Handling property in 
installation 
Handling property in 
folding 

EXAMPLE 40 

Working Example 
11.8 kg of deionized water, 520 g of t-butanol, 135 g of 

methanol, 50 g of ammonium perfluorooctanoate, 420 g of 
TFE, 29 g of PP and 134 g of VdB were introduced into a 
deaerated stainless autoclave with an internal Volume of 20 
1 equipped with a stirrer and heated to 70° C. 180 ml of 30% 
aqueous ammonium perSulfate was injected to initiate poly 
merization. The reaction was continued at a pressure of 17.6 
kg/cm-G for 9.6 hours while a 70/10/20 (molar ratio) gas 
mixture of TFE/PP/VdF was introduced to compensate the 
preSSure loSS accompanying the reaction. The reactor was 
purged of the remaining monomers to obtain 15.2 kg of a 
copolymer dispersion. The dispersion was coagulated by 
dropwise addition of ammonium chloride then washed and 
dried to give 2.3 kg of a copolymer. The copolymer was 
found to comprise polymerization units derived from TFE, 
polymerization units derived from PP and polymerization 
units derived from VdE in a (molar) ratio of 71.2/10.2/18.7 
by NMR analysis and had a melting point of 164 C. and a 
flow rate by volume of 4.8 mm/sec. A film was formed and 
evaluated in the same manners as in Example 38. The results 
are shown in Table 7. 

EXAMPLE 41 

Working Example 
11.8 kg of deionized water, 575 g of t-butanol, 96 g of 

methanol, 60 g of ammonium perfluorooctanoate, 266 g of 
TFE, 29 g of PP and 233 g of VdB were introduced into a 
deaerated Stainless autoclave with an internal Volume of 20 
Tequipped with a stirrer and heated to 70° C. 180 ml of 30% 
aqueous ammonium perSulfate was injected to initiate poly 
merization. The reaction was continued at a pressure of 17.4 
kg/cm-G for 7.7 hours while a 50/12/38 (molar ratio) gas 
mixture of TFE/PP/VdF was introduced to compensate the 
preSSure loSS accompanying the reaction. The reactor was 
purged of the remaining monomers to obtain 14.7 kg of a 
copolymer dispersion. The dispersion was coagulated by 
dropwise addition of ammonium chloride then washed and 
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50 
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60 

65 

24 
dried to give 2.1 kg of a copolymer. The copolymer was 
found to comprise polymerization units derived from TFE, 
polymerization units derived from PP and polymerization 
units derived from VdE in a (molar) ratio of 51.8/12.7/35.5 
by NMR analysis and had a melting point of 147 C. and a 
flow rate by volume of 28.6 mm/sec. A film was formed and 
evaluated in the same manners as in Example 38. The results 
are shown in Table 7. 

TABLE 7 

Ex. 38 Ex. 39 Ex. 40 Ex. 41 Ex. 7. Ex. 8 Ex. 9 Ex10 

35 46 48 41 96 184 55 52 

2.0 2.1 1.9 2.0 4.7 12.7 4.4 2.7 

94 93 91 93 91 82 96 93 

8 11 12 9 4 23 4 6 
1.77 181 1.83 1.79 1.74 1.37 2.13 2.13 

99.0 100.2 101.5 99.5 103.9 80.3 109.3 107.7 
O O O O A X A A 

O O O O A X A A 

EXAMPLE 42 

Working Example 

635 g of deionized water, 5 g of ammonium 
perfluorooctanoate, 14.9 g of TFE, 1.4 g of PP, 9.7 g of VdB 
and 1.2 g of PFBE were introduced into a deaerated stainless 
autoclave with an internal Volume of 1 1 equipped with a 
stirrer and heated to 80 C. 5 ml of 30% aqueous ammonium 
perSulfate was injected to initiate polymerization. The reac 
tion was carried out at a pressure of 18.3 kg/cm G while a 
58/10/32 (molar ratio) gas mixture of TFE/PP/VdF was 
introduced to compensate the preSSure loSS accompanying 
the reaction. The reaction was continued for 8 hours while 
0.1 ml of PFBE was added in relation to 3 g of the gas 
mixture. 

After the reaction was over, the reactor was purged of the 
remaining monomers to give 840 g of a copolymer disper 
Sion. The dispersion was coagulated by dropwise addition of 
Sulfuric acid, then washed and dried to give 194 g of a 
copolymer. The copolymer was found to comprise polymer 
ization units derived from TFE, polymerization units 
derived from PP, polymerization units derived from VdE and 
polymerization units derived from PFBE in a (molar) ratio 
of 59.9/11.4/27.3/1.4 by NMR analysis and had a melting 
point of 139° C. and a flow rate by volume of 37.7 mm/sec. 
The copolymer was extruded into a film of 80 um thick at a 
temperature of 200 C. The mechanical properties dynamic 
viscoelesticity (kg/mm) and tensile strength (kg/mm) and 
the transparency total light transmittance (%) and haze (%) 
of the film were measured, and the handling property in 
installation and the handling property in folding were evalu 
ated. The results were shown in Table 8. 

EXAMPLE 43 

Working Example 

610 g of deionized water, 3.6 g of ammonium 
perfluorooctanoate, 14.8g of disodium hydrogen phosphate 
dodecahydrate, 1.59 g of Sodium hydroxide, 3 g of ammo 
nium perSulfate, 0.11 g of iron Sulfate, 0.10 g of ethylene 
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diaminetetraacetatic acid and 1.8g of 2-butanol, and then 
22.6 g of TFE, 3.5g of PP, 16.0 g of VdB and 1.3 g of 
(perfluorooctyl)ethylene (CH=CH-CF7, hereinafter 
referred to as PFOE) were introduced into a deaerated 
Stainless autoclave with an internal volume of 11 equipped 
with a stirrer and maintained at 25 C. 2 ml of a solution 
containing 1.76 g of sodium hydroxide and 0.29 g of 
Rongalite in relation to 10 ml of water was injected to 
initiate polymerization. The reaction was carried at a pres 
sure of 20.3 kg/cm G while a 53/10/37 (molar ratio) gas 
mixture of TFE/PP/TaF was introduced to compensate the 
preSSure loSS accompanying the reaction. The reaction was 
continued for 11 hours while 0.1 ml of PFOF was added in 
relation to 5 g of the gas mixture. After the reaction was 
over, the reactor was purged of the remaining monomers to 
obtain 827g of a copolymer dispersion. The dispersion was 
coagulated by dropwise addition of ammonium chloride 
then washed and dried to give 187 g of a copolymer. The 
composition measure by NMR, the melting point and the 
flow rate by volume of the copolymer are shown in Table 8. 
A film was formed in the same manner as in Example 42. 
The mechanical properties and the transparency of the film 
were measured, and the handling property in installation and 
the handling property in folding were evaluated. The results 
are shown in Table 8. 

EXAMPLE 44 

Working Example 
11.8 kg of deionized water, 520 g of t-butanol, 135 g of 

methanol, 50 g of ammonium perfluorooctanoate, 399 g of 
TFE, 44 g of PP 125 g of VdB, and 35 g of perfluoro(propyl 
vinyl ether) (CF=CFCF, hereinafter referred to as 
PPVE) were introduced into a deaerated stainless autoclave 
with an internal volume of 20 l equipped with a stirrer and 
heated to 70° C. 180 ml of 30% aqueous ammonium 
perSulfate was injected to initiate polymerization. The reac 
tion was carried at a pressure of 17.6 kg/cm G while a 
65/20/15 (molar ratio) gas mixture of TFE/PP/TaF was 
introduced to compensate the pressure loSS accompanying 
the reaction. The reaction was continued for 9.6 hours while 
0.1 mg of PFOF was added in relation to 5 g of the gas 

(Composition of copolymer: 
molar ratio) 

TFE 
PP 
VdE 
PFBE 
PFOE 
PPVE 
PMVE 
Melting point ( C.) 
Flow rate by volume 
(mm/sec) 
Dynamic viscoelasticity 
(kg/mm) 
Tensile strength 
(kg/mm) 
Total light 
transmittance (%) 
Haze (%) 
Specific gravity 
Contact angle () 
Handling property in 
installation 

15 

25 

35 

40 
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mixture. The reactor was purged of the remaining monomers 
to obtain 15.2 kg of a copolymer dispersion. The dispersion 
was coagulated by dropwise addition of ammonium chloride 
then washed and dried to give 2.3 kg of a copolymer. The 
composition measure by NMR, the melting point and the 
flow rate by volume of the copolymer are shown in Table 8. 
A film was formed in the same manner as in Example 42. 
The mechanical properties and the transparency of the film 
were measured, and the handling property in installation and 
the handling property in folding were evaluated. The results 
are shown in Table 8. 

EXAMPLE 45 

Working Example 

11.8 kg of deionized water, 575 t-butanol, 96 g of 
methanol, 60 g of ammonium perfluorooctanoate, 266 g of 
TFE, 29 g of PP, 233 g of VdB and 16.3 g of perfluoro(2- 
methoxypropyl vinyl ether) (compound of formula 3 
wherein n=0, and m=1, CFOCF(CF)CFOCF=CF, here 
inafter referred to as PMVE) were introduced into a deaer 
ated stainless autoclave with an internal volume of 20 1 
equipped with a stirrer and heated to 70° C. 180 ml of 30% 
aqueous ammonium perSulfate was injected to initiate poly 
merization. The reaction was carried at a pressure of 17.4 
kg/cm G while a 44/12/44 (molar ratio) gas mixture of 
TFE/PP/TaF was introduced to compensate the pressure loss 
accompanying the reaction. The reaction was continued for 
7.7 hours while 0.1 ml of PMVE was added in relation to 7 
g of the gas mixture. The reactor was purged of the remain 
ing monomers to obtain 14.7 kg of a copolymer dispersion. 
The dispersion was coagulated by dropwise addition of 
ammonium chloride then washed and dried to give 2.1 kg of 
a copolymer. The composition measure by NMR, the melt 
ing point and the flow rate by Volume of the copolymer are 
shown in Table 8. A film was formed in the same manner as 
in Example 42. The mechanical properties and the transpar 
ency of the film were measured, and the handling property 
in installation and the handling property in folding were 
evaluated. The results are shown in Table 8. 

TABLE 8 

Ex. 42 Ex. 43 Ex. 44 Ex. 45 Ex. 7 Ex. 8 Ex. 9 Ex. 10 

59.9 53.3 67.4 44.3 
11.4 13.8 19.7 13.1 
27.4 32.O 11.8 41.9 
1.4 

0.4 
1.1 

O.7 
139 141 154 113 
37.7 14.9 8.4 61.4 

42 38 26 22 96 184 55 52 

2.2 3.1 2.0 2.5 4.7 12.7 4.4 2.7 

91 91 93 92 91 82 96 93 

12 11 8 9 4 23 4 6 
1.78 1.76 1.79 1.76 1.74 1.37 2.13 2.13 

99.3 97.8 99.1 98.2 103.9 8O3 109.3 107.7 
O O O O A X A A 
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TABLE 8-continued 

Ex. 42 Ex. 43 Ex. 44 Ex. 45 Ex. 

Handling property in O O O O A 
folding 

EXAMPLE 46 

Working Example 

635 g of deionized water, 5 g of ammonium 
perfluorooctanoate, 32.4 g of TFE, 0.5g of ET and 0.3 g of 
PP were introduced into a deaerated stainless autoclave with 
an internal Volume of 11 equipped with a stirrer and heated 
to 70° C. 5 ml of 5% aqueous ammonium persulfate was 
injected to initiate polymerization. The reaction was contin 
ued at a pressure of 15.6 kg/cm’G for 6.7 hours while a 
60/30/10 (molar ratio) gas mixture of TFE/ET/PP was 
introduced to compensate the pressure loSS accompanying 
the reaction. 

After the reaction was over, the reactor was purged of the 
remaining monomers to obtain 826 g of a copolymer dis 
persion. The dispersion was coagulated by dropwise addi 
tion of ammonium chloride then washed and dried to give 
201 g of a copolymer. The copolymer was found to comprise 
polymerization units derived from TFE, polymerization 
units derived from ET and polymerization units derived 
from PP in a (molar) ratio of 59.6/29.1/11.3 by NMR 
analysis and had a melting point of 179 C. and a flow rate 
by volume of 16.2 mm/sec. The fluorine-containing copoly 
mer was extruded into a film of 80 um thick at 230° C. The 
mechanical properties and the transparency of the film were 
measured, and the handling property in installation and the 
handling property in folding were evaluated. The results are 
shown in Table 9. 

EXAMPLE 47 

Working Example 

610 g of deionized water, 3.6 g of ammonium 
perfluorooctanoate, 14.8g of disodium hydrogen phosphate 
dodecahydrate, 1.59 g of Sodium hydroxide, 3 g of ammo 
nium perSulfate, 0.11 g of iron Sulfate, 0.10 g of ethylene 
diaminetetraacetatic acid and 1.8g of 2-butanol, and then 
23.5g of TFE, 2.5g of ET and 1.0 g of PP were introduced 
into a deaerated Stainless autoclave with an internal volume 
of 11 equipped with a stirrer and maintained at 25 C.2 ml 
of a solution containing 1.76 g of sodium hydroxide and 0.29 
g of Rongalite in relation to 10 ml of water was injected to 
initiate polymerization. 

The reaction was continued at a pressure of 16.8 kg/cm G 
for 7.2 hours while a 50/30/20 (molar ratio) gas mixture of 

Dynamic viscoelasticity 
(kg/mm) 
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Tensile strength 
(kg/mm) 
Total light 
transmittance (%) 
Haze (%) 
Specific gravity 
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Ex. 8 Ex. 9 Ex. 10 

X A A 

TFE/ET/PP was introduced to compensate the pressure loss 
accompanying the reaction. After the reaction was over, the 
reactor was purged of the remaining monomers to obtain 826 
g of a copolymer dispersion. The dispersion was coagulated 
by dropwise addition of ammonium chloride then washed 
and dried to give 186 g of a copolymer. The copolymer was 
found to comprise polymerization units derived from TFE, 
polymerization units derived from ET and polymerization 
units derived from PP in a (molar) ratio of 25 50.3/27.01/ 
22.7 by NMR analysis and had a melting point of 147 C. 
and a flow rate by volume of 31.9 mm/sec. The fluorine 
containing copolymer was extruded into a film of 80 um 
thick at 230 C. The mechanical properties and the trans 
parency of the film were measured, and the handling prop 
erty in installation and the handling property in folding were 
evaluated. The results are shown in Table 9. 

EXAMPLE 48 

Working Example 

11.8 kg of deionized water, 520 g of t-butanol, 135 g of 
methanol, 50 g of ammonium perfluorooctanoate, 402 g of 
TFE, 44 g of ET and 18 g of PP were introduced into a 
deaerated Stainless autoclave with an internal Volume of 20 
1 equipped with a stirrer and heated to 70° C. 180 ml of 5% 
aqueous ammonium perSulfate was injected to initiate poly 
merization. The reaction was continued at a pressure of 17.6 
kg/cmG for 9.6 hours while a 50/30/20 (molar ratio) gas 
mixture of TFE/ET/PP was introduced to compensate the 
preSSure loSS accompanying the reaction. The reactor was 
purged of the remaining monomers to obtain 15.2 kg of a 
copolymer dispersion. The dispersion was coagulated by 
dropwise addition of ammonium chloride then washed and 
dried to give 2.3 kg of a copolymer. The copolymer was 
found to comprise polymerization units derived from TFE, 
polymerization units derived from ET and polymerization 
units derived from PP in a (molar) ratio of 48.1/33.7/18.2 by 
NMR analysis and had a melting point of 164° C. and a flow 
rate by volume of 57.4 mm/sec. The fluorine-containing 
copolymer was extruded into a film of 80 um thick at 230 
C. The mechanical properties and the transparency of the 
film were measured, and the handling property in installa 
tion and the handling property in folding were evaluated. 
The results are shown in Table 9. 

TABLE 9 

Ex. 46 Ex. 47 Ex. 48 Ex. 7 Ex. 8 Ex. 9 Ex. 11 

51 44 45 96 184 55 52 

4.6 4.4 4.3 4.7 12.7 4.4 2.7 

92 93 91 91 82 96 93 

11 1O 8 4 23 4 6 
1.61 1.58 155 1.74 1.37 2.13 2.13 



US 6,461,719 B1 

TABLE 9-continued 

Ex. 46 Ex. 47 Ex. 48 Ex. 7 Ex. 8 Ex. 9 Ex. 11 

Contact angle () 96.7 96.1 95.8 103.9 80.3 109.3 107.7 
Handling property in O O O A X A A 
installation 
Handling property in O O O A X A A 
folding 

EXAMPLE 49 was introduced to compensate the pressure loSS accompa 

Working Example 

1966 g of perfluorocyclohexane, 14.2 g of methanol, 250 15 
g of TFE, 7.8g of ET and 31.8g of PFBE were introduced 
into a deaerated Stainless autoclave with an internal volume 
of 2 a equipped with a stirrer and heated to 65 C. 7 ml of 
50% t-butyl peroxyisobutyrate in perfluorocyclohexane was 
injected to initiate polymerization. 

The reaction was carried out at a preSSure of 14.3 kg/cm 
G while a 60/40 (molar ratio) gas mixture of TFE/ET was 
introduced to compensate the pressure loSS accompanying 
the reaction. The reaction was continued for 8 hours while 
0.1 ml of PFBE was added in relation to 1 g of the gas 25 
mixture. After the reaction was over, the reactor was purged 
of the remaining monomers, and the copolymer dispersant 
was filtered, washed and dried to give 204 g of a white 
copolymer. The copolymer was found to comprise polymer 
ization units derived from TFE and polymerization units 
derived from ET in a (molar) ratio of 61.2/38.8 and 4.0 mol 
% of polymerization units derived from PFBE by NMR 
analysis and had a melting point of 220 C. and a flow rate 
by volume of 85.2 mm/sec. The copolymer was extruded 
into a film of 60 um thick at 270° C. The mechanical properties dynamic viscoelesticity (kg/mm) and tensile 
strength (kg/mm) and the transparency total light trans 
mittance (%) and haze (%) of the film were measured, and 
the handling property in installation and the handling prop 
erty in folding were evaluated. The results were shown in 
Table 10. 

3O 

5 

40 

EXAMPLE 50 

Working Example 

nying the reaction. The reaction was continued for 8.4 hours 
while 0.1 ml of PFHE was added in relation to 3g of the gas 
mixture. After the reaction was over, the reactor was purged 
of the remaining monomers to give 811 g of a copolymer 
dispersion. The dispersion was coagulated by dropwise 
addition of ammonium chloride then washed and dried to 
give 190 g of a copolymer. The copolymer was found to 
comprise polymerization units derived from TFE and poly 
merization units derived from ET in a (molar) ratio of 
65.0/35.0 and 1.3 mol % of polymerization units derived 
from PFHE by NMR analysis and had a melting point of 
216 C. and a flow rate by volume of 42.1 mm/sec. The 
copolymer was extruded into a film of 60 um thick at 270 
C. The mechanical properties and the transparency of the 
film were measured, and the handling property in installa 
tion and the handling property in folding were evaluated. 
The results were shown in Table 10. 

EXAMPLE 51 

Working Example 

11.8 kg of deionized water, 520 g of t-butanol, 180g of 
methanol, 50 g of ammonium perfluorooctanoate, 386 g of 
TFE, 54 g of ET and 95 g of PFBE were introduced into a 
deaerated Stainless autoclave with an internal Volume of 20 
1 equipped with a stirrer and heated to 70° C. 180 ml of 5% 
aqueous ammonium perSulfate was injected to initiate poly 
merization. 

The reaction was carried out at a preSSure of 16.2 
kg/cm G while a 60/30 (molar ratio) gas mixture of TFE/ET 
was introduced to compensate the pressure loSS accompa 
nying the reaction. The reaction was continued for 9.6 hours 
while 1 ml of PFBE was added in relation to 10 g of the gas 

610 g of deionized water, 3.6 g of ammonium 
perfluorooctanoate, 14.8g of disodium hydrogen phosphate 
dodecahydrate, 1.59 g of Sodium hydroxide, 3 g of ammo 
nium perSulfate, 0.11 g of iron Sulfate, 0.10 g of ethylene 
diaminetetraacetatic acid and 1.8g of 2-butanol, and then 
32.2 g of TFE, 0.8 g of ET and 1.6 g of (perfluorohexyl) 50 
ethylene (hereinafter referred to as PFHE) were introduced 
into a deaerated Stainless autoclave with an internal volume 
of 11 equipped with a stirrer and maintained at 25 C.2 ml 
of a solution containing 1.76 g of sodium hydroxide and 0.29 
g of Rongalite in relation to 10 ml of water was injected to 55 
initiate polymerization. 

The reaction was carried out at a pressure of 15.9 
kg/cm G while a 65/35 (molar ratio) gas mixture of TFE/ET 

Dynamic viscoelasticity 
(kg/mm) 

mixture. The reactor was purged of the remaining monomers 
to give 14.9 kg of a copolymer dispersion. The dispersion 
was coagulated by dropwise addition of ammonium chloride 
then washed and dried to give 2.4 kg of a copolymer. The 
copolymer was found to comprise polymerization units 
derived from TFE and polymerization units derived from ET 
in a (molar) ratio of 65.5/34.5 and 6.5 mol % of polymer 
ization units derived from PFBE by NMR analysis and had 
a melting point of 21220 C. and a flow rate by volume of 
26.9 mm/sec. The copolymer was extruded into a film of 60 
lum thick at 270° C. The mechanical properties and the 
transparency of the film were measured, and the handling 
property in installation and the handling property in folding 
were evaluated. The results were shown in Table 10. 

TABLE 10 

Ex. 49 Ex. SO Ex. 51 Ex. 7 Ex. 8 Ex. 9 Ex. 11 

61 57 52 96 184 55 52 
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TABLE 10-continued 

Ex. 49 Ex. SO Ex. 51 Ex. 7 Ex. 8 

Tensile strength 4.5 4.3 4.3 4.7 12.7 
(kg/mm) 
Total light 93 94 92 91 82 
transmittance (%) 
Haze (%) 11 9 12 4 23 
Specific gravity 1.73 1.76 1.75 1.74 1.37 
Contact angle () 95.6 96.7 97.4 103.9 8O.3 
Handling property in O O O A X 
installation 
Handling property in O O O A X 
folding 

The agricultural film of the present invention has low 
dynamic Viscoelastic modulus and flexibility and hence is 
easy to spread out and Suitable as an agricultural covering 
material for agricultural and horticultural facilities. 
What is claimed is: 
1. An agricultural covering material made of a fluorine 

containing polymer film having a dynamic Viscoelastic 
modulus of from 1 to 70 kg/mm, a tensile strength of from 
1.5 to 5.0 kg/mm, a specific gravity of from 1.0 to 2.0 and 
a contact angle with water of at most 106. 

2. The agricultural covering material according to claim 1, 
which is made of a film molded from a composition com 
prising 100 parts by weight of a tetrafluoroethylene-ethylene 
copolymer and from 5 to 100 parts by weight of a 
tetrafluoroethylene-propylene elastic copolymer. 

3. The agricultural covering material according to claim 2, 
wherein the tetrafluoroethylene-propylene elastic copolymer 
comprises from 5 to 70 mol % of polymerization units 
derived from propylene. 

4. The agricultural covering material according to claim 2, 
wherein the tetrafluoroethylene-ethylene copolymer com 
prises polymerization units derived from tetrafluoroethylene 
and polymerization units derived from ethylene in a (molar) 
ratio of from 70/30 to 30/70 and further comprises from 0.1 
to 10 mol % of polymerization units derived from a com 
pound represented by CH=CH-CF (wherein n is an 
integer of from 2 to 10). 

5. The agricultural covering material according to claim 1, 
which is made of a film molded from a composition com 
prising 100 parts by weight of a tetrafluoroethylene-ethylene 
copolymer and from 5 to 80 parts by weight of a 
tetrafluoroethylene-propylene-ethylene copolymer. 

6. The agricultural covering material according to claim 5, 
wherein the tetrafluoroethylene-ethylene copolymer com 
prises polymerization units derived from tetrafluoroethylene 
and polymerization units derived from ethylene in a (molar) 
ratio of from 70/30 to 30/70, and further comprises from 0.1 
to 10 mol % of polymerization units derived from a com 
pound represented by CH=CH-CF (wherein n is an 
integer of from 2 to 10). 

7. The agricultural covering material according to claim 5, 
wherein the tetrafluoroethylene-propylene-ethylene com 
prises from 40 to 70 mol % of polymerization units derived 
from tetrafluoroethylene, from 10 to 50 mol % of polymer 
ization units derived from propylene and from 1 to 50 mol 
% of polymerization units derived from ethylene. 

8. The agricultural covering material according to claim 1, 
which is made of a film molded from a composition com 

Ex. 9 Ex. 11 
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prising 100 parts by weight of a tetrafluoroethylene-ethylene 
copolymer and from 5 to 200 parts by weight of a 
tetrafluoroethylene-propylene-Vinylidene fluoride copoly 
C. 

9. The agricultural covering material according to claim 8, 
wherein the tetrafluoroethylene-ethylene copolymer com 
prises polymerization units derived from tetrafluoroethylene 
and polymerization units derived from ethylene in a (molar) 
ratio of from 70/30 to 30/70 and further comprises from 0.1 
to 10 mol % of polymerization units derived from a com 
pound represented by CH=CH-CF (wherein n is an 
integer of from 2 to 10). 

10. The agricultural covering material according to claim 
8, wherein the tetrafluoroethylene-propylene-vinylidene 
fluoride copolymer comprises from 5 to 85 mol % of 
polymerization units derived from tetrafluoroethylene, from 
1 to 45 mol % of polymerization units derived from propy 
lene and from 5 to 70 mol % of polymerization units derived 
from vinylidene fluoride. 

11. The agricultural covering material according to claim 
1, which is made of a film molded from a composition 
comprising 100 parts by weight of a tetrafluoroethylene 
ethylene-propylene copolymer and from 5 to 100 parts by 
weight of a tetrafluoroethylene-propylene elastic copolymer. 

12. The agricultural covering material according to claim 
11, wherein the tetrafluoroethylene-ethylene-propylene 
copolymer comprises 40 to 70 mol % of polymerization 
units derived from tetrafluoroethylene, from 20 to 50 mol % 
of polymerization units derived from ethylene and from 5 to 
40 mol % of polymerization units derived from propylene. 

13. The agricultural covering material according to claim 
11 or 12, wherein the tetrafluoroethylene-propylene elastic 
copolymer comprises from 5 to 70 mol% of polymerization 
units derived from propylene. 

14. The agricultural covering material according to claim 
1, which is made of a film molded from a composition 
comprising 100 parts by weight of a tetrafluoroethylene 
ethylene-propylene copolymer and from 5 to 200 parts by 
weight of a tetrafluoroethylene-propylene-Vinylidene fluo 
ride copolymer. 

15. The agricultural covering material according to claim 
14, wherein the tetrafluoroethylene-propylene-vinylidene 
fluoride copolymer comprises from 5 to 85 wt % of poly 
merization units derived from tetrafluoroethylene, from 1 to 
45 mol % of polymerization units derived from propylene 
and from 5 to 70 mol % of polymerization units derived 
from vinylidene fluoride. 

16. The agricultural covering material according to claim 
14, wherein the tetrafluoroethylene-ethylene-propylene 
copolymer comprises from 40 to 70 mol % of polymeriza 
tion units derived from tetrafluoroethylene, from 20 to 50 
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mol % of polymerization units derived from ethylene and 
from 5 to 40 mol % of polymerization units derived from 
propylene. 

17. The agricultural covering material according to claim 
1, which is made of a film of a fluorine-containing copoly 
mer comprising from 5 to 84 mol % of polymerization units 
derived from tetrafluoroethylene, from 1 to 45 mol % of 
polymerization units derived from hexafluoropropylene and 
from 5 to 90 mol % of polymerization units derived from 
vinylidene fluoride. 

18. The agricultural covering material according to claim 
1, which is made of a film of a fluorine-containing copoly 
mer comprising from 5 to 85 mol % of polymerization units 
derived from tetrafluoroethylene, from 1 to 50 mol % of 
polymerization units derived from propylene and from 5 to 
70 mol % of polymerization units derived from vinylidene 
fluoride. 

19. The agricultural covering material according to claim 
1, which is made of a film of a fluorine-containing copoly 
mer comprising from 0.05 to 20 mol % in total of polymer 
ization units derived from at least one fluorinated comono 
mer represented by the following formula 1, formula 2 or 
formula 3, 30 to 85 mol % of polymerization units derived 
from tetrafluoroethylene, from 1 to 30 mol % of polymer 
ization units derived from propylene and from 5 to 68.5 mol 
% of polymerization units derived from vinylidene fluoride, 
wherein Y is a fluorine atom or a hydrogen atom, R is a 
C- bivalent fluorinated organic group, X is a fluorine 
atom, a chlorine atom or a hydrogen atom, n is an integer of 
from 0 to 3, and m is an integer of from 1 to 4. 

15 

25 

XRCY=CH, formula 1 

XROCF=CF, formula 2 

CF (CF) (OCF(CF)CF).OCF=CF, formula 3. 

20. The agricultural covering material according to claim 
1, which is made of a film of a fluorine-containing copoly 
mer comprising from 40 to 75 mol% of polymerization units 
derived from tetrafluoroethylene, from 20 to 50 mol % of 
polymerization units derived from ethylene and from 5 to 40 
mol % of polymerization units derived from propylene. 

21. The agricultural covering material according to claim 
1, which is made of a film of a tetrafluoroethylene-ethylene 
polymer which comprises polymerization units derived from 
tetrafluoroethylene and polymerization units derived from 
ethylene in a (molar) ratio of from 57/43 to 67/33 and 
comprises from 0.1 to 10 (mol%) of polymerization units 
derived from a third vinyl monomer. 

22. The agricultural covering material according to claim 
21, wherein the polymerization units derived from 
tetrafluoroethylene/the polymerization units derived from 
ethylene is from 61/39 to 67/33 (molar ratio). 

23. The agricultural covering material according to claim 
21, wherein the third vinyl monomer is a (perfluoroalkyl) 
ethylene represented by CH=CH-CF (wherein n is 
an integer of from 2 to 10). 


