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ABSTRACT OF THE DISCLOSURE 

A process of making air-previous sheets of polytetra 

?uoroethylene and such sheets so produced in the form 
of thin paper, cardboard and boardlike structures, which 
comprises dispersing polyetetra?uoroethylene ?brous 
powder in an aqueous medium having a surface tension 
at 25° C. of below 40 dynes per centimeter, forming a 
web therefrom, and thereafter sintering the web. The 
polytetra?uoroethylene ?brous powder is one having an 
average ?ber length of 100 to 5,000 microns, an average 
shape factor of not less than 10 and an anisoptropic ex 
pansion factor of 1.30 to 7.00. A thermographic powder 
may also be present in the dispersion. 

This application is a continuation-in-part of copending 
application Ser. No. 403,367, ?led Oct. 12, 1964, and 
now US. Pat. No. 3,528,879. 

This invention relates to a process for making strong, 
air-pervious sheets, i.e., paper having a thinness of less 
than 200 grams per square meter, and pliable cardboard 
or boardlike structures, consisting of polytetra?uoroethyl— 
ene or polytetra?uoroethylene with other additives, e.g., 
thermoplastic resins, glass ?ber, asbestos, etc. More par 
ticularly, the invention relates to a process for making 
from polytetra?uoroethylene ?brous powder having an 
average ?ber length of IOU-5,000 microns, an average 
shape factor of not less than 10 and an anisotropic expan 
sion factor of 1.30-7.00, strong, air-pervious sheets, which 
are suitable as ?lter material. 
Although a number of inventions have been made con 

cerning the process for producing ?lter material of poly 
tetra?uoroethylene, each has its drawbacks and none has 
come to be widely practiced. 
Of the prior art processes, that being practiced most 

frequently is the process in which polytetrafluoroethylene 
is mixed with either a crystalline salt powder or metallic 
powders of copper, iron, aluminum, etc., the mixture then 
preformed by compressing in a metallic mold, followed 
by sintering the preform at above 327° C. and thereafter 
dissolving and removing the admixed salt or metallic 
powders. Another process is that in which naphthalene 
powder is mixed in, then after vaporizing the mixture 
at below the melting point of the resin, sintering is carried 
out. The molding step in either of these processes is com 
plicated, and not only is there the drawback that additives 
are not completely eliminated but such processes also 
have the defect that their strength, especially ?exural 
strength, is small. Further, because of their complexity, 
such processes of necessity become expensive. It is also 
known to make ?lter cloth by weaving into a fabric the 
polytetra?uoroethylene ?ber obtained by the process dis 
closed in US. Pat. 2,772,444. A ?lter cloth such as this 
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is very expensive, however, and can only be used for 
special purposes. 
Another known process is that in which the colloidal 

particles of polytetra?uoroethylene to which has been 
added a lubricant are extruded from a ?ne nozzle to 
produce rods or tubes, following which these are cut into 
pieces 6-25 mm. long, then an abrasive force is applied to 
render them ?brous, after which this ?brous product is 
pulped by placing in water or water to which a surfactant 
has been added and thereafter made into a paper product 
(U.S. Pat. 3,003,912). In this process, however, it should 
be self-evident that thin paper cannot be made, since the 
length of the ?bers used is long. Even when thicker sheets 
are to be made, it is necessary to run the sheets through a 
calender roll several times to remove the non-uniformity 
in the thickness of the sheets. At times, however, an un 
necessary amount of interlacement between the ?bers 
occurs which results in the density becoming too exces 
sive, with the consequence that air-permeability is lost. In 
addition, since the so-called paste extrusion is carried out 
during the course of producing the ?bers, this results in 
setting up in the ?bers molecular orientation to a high 
degree, which orientation is relaxed at above the melting 
point causing undesirable shrinkage to take place during 
the sintering step. This shrinkage not only increases the 
thickness of the paper but becomes the cause of non-uni 
formity in thickness as well. Further, since extrusion is 
carried out during the ?ber-making step according to 
this process, the product becomes an expensive ?lter ma 
terial. 

Strong paper of a thinness less than 200 grams per 
square meter and air-pervious, pliable cardboard or board 
like structures of polytetra?uoroethylene could not be 
made economically to advantage by these prior art proc— 
esses. Further, a ?lter material predominantly of poly 
tetra?uoroethylene, which has good properties and is of 
low cost, was not known. 
As a result of extensive experimentation, we found 

that the thin paper and cardboard or board like struc 
tures of polytetra?uoroethylene, as contemplated by the 
present invention, could only be made by using as the 
starting material the polytetra?uoroethylene ?brous 
powder having an average ?ber length of IOU-5,000 
microns, an average shape factor of not less than 10 and 
an anisotropic expansion factor of 1.30-7.00; and further 
that this special ?brous powder could be made into paper 
and cardboard or boardlike structures by the process here 
inafter described. 
The terms “average ?ber length” and “average shape 

factor,” as used herein, denote, respectively, the arithmeti 
cal average of the lengths of 200 or more ?bers observed 
optically when said powder is examined under a micro 
scope and an arithmetical average of 200‘ or more shape 
factors which is obtained by dividing the ?ber length by 
its width. In measuring the ?ber lengths from the photo 
micrographs, those of ?ber length not exceeding 80 
microns are excluded. Since the average according to this 
measurement method is a number average, should those 
?bers not exceeding 80 microns, the proportion by weight 
of which are very small, be added to the number average, 
it will result in evaluating unjusti?ably low the ?ber length 
obtained, thus becoming a value far different from the 
actual ?ber length. 
The term “anisotropic expansion factor” is determined 

by the following method: Four and one-tenth grams of 
powder is weighed into a 0.5 inch square metallic mold 
where it is subjected at 23 ° C. to a pressure raised to 2,000 
psi. during one minute, after which it is held at this 
pressure for two minutes. The length, width and height 
of the resulting roughly cubical preform are measured 
(i.e., the X, Y and Z axes, respectively, where Z axis is 
the direction in which the preforming pressure was ap 
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plied). The measured preform is sintered for 30 minutes 
at 380° C.:0.5° C., followed by allowing the resulting 
sintered product to cool in air to room temperature, after 
which it is remeasured. The anisotropic expansion factor 
is then the value of Xs/Zp divided by (XS+YS) /Xp+Yp), 
where Xp, YD, Zp are the respective axial measurements 
of the preformed product, while X5, Y5 and Z5 are the 
axial measurements of the sintered product. 

Unless the particles are ?brous, the interlacement that 
occurs between ?bers does not take place and hence, good 
quality paper cannot be made. Namely, the powder which 
heretofore was readily available commercially was in 
nearly all cases not ?brous, with the consequence that pa 
per and cardboard could not be made. Since the average 
shape factor is a factor which numerically expresses the 
extent of the ?brous state, the interlacement does not 
occur to a substantially full extent when this factor is less 
than 10. 
However, even though the powder may be of ?brous 

form, if its ?ber length is less than 100‘ microns, the length 
of the ?ber is too short and hence, in this case also it can 
not be made into paper, as the interlacement between the 
?bers is insu?icient. As commercially available powders of 
this grade, there is one which has an average particle diam 
eter of 35 microns, a shape factor of 8-12 and an aniso 
tropic expansion factor of 1.18. As a practical matter, a 
paper cannot be made from this powder, however. While 
this is due to the fact that its shape factor is small and the 
extent of its ?brousness is small, there is also the follow 
ing reason, namely, since the average ?ber length of this 
powder is less than 100 microns, when paper is made from 
its dispersion, it does not become paper-like because of 
the lack of interlacements between the ?bers. 
On the other hand, when the powder has an average 

?ber length exceeding 5,000 microns, it is not suited for 
making thin but strong paper and cardboard that are 
uniform, even though the other properties, including the 
shape factor and anisotropic expansion factor, are within 
the limits prescribed by this invention, namely, when it 
exceeds 5,000 microns, the irregularity in the surface of 
paper made therefrom is pronounced. That is to say, when 
the ?ber length is great, the diameter of the ?bers becomes 
large, thus making it impossible to make thin and uniform 
papers. A process for producing this type of ?ber is dis 
closed in the previously mentioned US. Pat. 3,003,912. 
However, while the ?bers obtained by this process can, 
with some entailing dif?culty, be formed into air-pervious 
cardboard and sheets, they could not be made uniform 
since the ?ber length of the powder was greater than 5,000 
microns, and hence there was spottiness in the strength 
of the products obtained. Further, it was not at all possible 
to make thin papers of less than 200 grams per square 
meter. 

Further, the powder becomes un?t for making uniform 
thin paper, cardboard and sheets when its anisotropic ex 
pansion factor is not less than 7.00, even though its other 
properties fall within those prescribed by the present in 
vention, namely, the anisotropic expansion factor is a 
measure of the molecular orientation in the ?ber. Hence, 
as the molecular orientation increases, the anisotropic ex 
pansion factor becomes greater. If the molecular orienta 
tion is great, the shrinkage of the ?ber at above the melt 
ing point of polytetra?uoroethylene is inevitably great, 
and in consequence spottiness in the thickness of the prod 
uct results because of the great shrinkage in the paper 
during its sintering step. 
When the anisotropic expansion factor is less than 1.30, 

the form of the powder is either non?brous or not com 
pletely ?brous, and thus, since interlacement does not take 
place between the particles of the powder, it cannot be 
made into paper. 
According to the process of the present invention, a 

polytetral?uoroethylene ?brous powder having an average 
?ber length of l00-5,000 microns, an average shape factor 
of not less than 10 and an anisotropic expansion factor of 
1.30-7.00 is weighed, to which is then added on a weight 
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basis ?vefold or more of an aqueous medium whose sur 
face tension at 25° C. is 40 dynes per centimeter, and 
preferably below 35 dynes per centimeter as through the 
use of a suitable surfactant, e.g., alkylaryl-ethylene glycol. 
The reason why the surface tension must be below 40 

dynes per centimeter, and preferably below 35 dynes per 
centimeter, is because the speci?c surface area of the 
?brous powder used in this invention is ten times that 
of the ?ber according to the conventional processes. For 
example, the speci?c surface area, as obtained by nitrogen 
adsorption, of the ?bers used in making the two herein 
before described conventional ?lter materials is 0.05-1.0 
m.2/g., whereas that of the present invention is 0.5-3 m.2/ 
g. Hence, since the invention powder is more susceptible 
as a whole to surface tension than the other ?bers, it is 
dif?cult wetted with liquids. Therefore, if a liquid of great 
surface tension is used, the ?bers would ?oat and it would 
be impossible to form a uniform paper web. 
When using water as the dispersion medium by lower 

ing its surface tension by adding a surfactant thereto, it 
was found that instead of using it as such, still better re 
sults could be obtained by using it mixed with 05-40% 
by weight of either polytetra?uoroethylene particles or 
tetra?uoroethylene-per?uoroole?n (CFZZCFRf where Rf 
is a radical consisting of a carbon atom and ?uorine 
atom) copolymeric particles whose average particle diam 
eter is 0.05-0.5 micron, or the mixture thereof, as herein 
after described. 

In making paper using the so obtained dispersion, the 
conventional paper-making machines, particularly the pa 
per-making machines which are manually operated such 
as the TAPlPI type can be used without change or with 
only minor modi?cations. 
The paper web which has been merely dried cannot be 

used in this state, since the bonding between the ?bers is 
not sufficiently strong. But by heating this dried web, a 
paper product having su?icient strength can be obtained. 
As there is a tendency toward shrinkage occurring in the 
?bers as the sintering temperature becomes higher, a tem 
perature of below 360° C. is preferably employed. 
As hereinbefore described, in making paper and air 

pervious cardboard or boardlike structures, predominantly 
of polytetra?uoroethylene, although basically the process 
comprises dispersing a polytetra?uoroethylene ?brous 
powder having an average ?ber length of 100—5,000 
microns, an average shape factor of not less than 10 and 
an anisotropic expansion factor of 1.30-7.00, in an 
aqueous medium of below 40 dynes per centimeter, then 
forming a web using this dispersion and thereafter heating 
the formed web with or without application of pressure, 
the present invention comprehends several more valuable 
embodiments. For example, paper and air-pervious card 
board or boardlike structures predominantly of polytetra 
?uoroethylene can be made by dispersing a polytetra 
fluoroethylene ?brous powder having an average ?ber 
length of 100—5,000 microns, an average shape factor of 
not less than 10 and anisotropic expansion factor of 
1.30-7.00, and 02-50% by weight of a thermoplastic 
resin powder, in an aqueous medium having a surface 
tension at 25° C. of below 40 dynes per centimeter, and 
preferably below 35 dynes per centimeter, then after 
forming a web using this dispersion, either heating the 
web formed to above the melting or softening point of the 
thermoplastic resin incorporated or heating the web after 
pressing or hot pressing the web. 
The thermoplastic resin preferred for dispersing with 

the ,polytetra?uoroethylene ?brous powder include the 
polytetra?uoroethylene powders having a wet-sieve size 
of less than 500 microns, tetrafluoroethylene-hexa?uoro 
propylene copolymer powder, polyethylene powder, poly 
vinyl chloride powder, polypropylene powder, trichloro 
tri?uoroethylene powder, polyacetal powder, the various 
polyamide resin powders, tetra?uoroethylene—vinylidene 
?uoride copolymer powder, polyvinylidene chloride pow 
der, vinyl chloride-vinylidene chloride copolymer powder, 



3,629,383 
ethylenepropylene copolymer powder, or the particles of 
polytetra?uoroethylene and/ or copolymers of tetra?uoro 
ethylene-per?uoroole?n whose particle diameter is 0.05 
0.5 micron, as hereinbefore noted. Particularly, when the 
polytetra?uoroethylene powder of a wet-sieve size less 
than 500 microns or the tetra?uoroethylene-hexa?uoro— 
propylene copolymer powder is used, since it is possible to 
make paper and cardboard or boardlike structures having 
great strength without impairing whatsoever the various 
properties of the predominant polytetra?uoroethylene, 
such as its excellent heat resistance and resistance to 
chemicals, the use of these powders give especially re 
markable results. On the other hand, in the case of thin 
paper and air-pervious cardboard or boardlike structures 
predominantly of polytetra?uoroethylene for use in mak 
ing articles not requiring heat resistance and resistance 
to chemicals, for example, speaker cones, the conjoint use 
of a resin of low melting or softening point makes possible 
the production of boardlike structures economically. 

While, as the polytetra?uoroethylene powder to be 
conjointly used, any will do as long as it is powder of a 
wet-sieve size less than 500 microns, particularly pre 
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ferred are such as the ?nely divided powders obtained by ' 
grinding in the “Ultramizer” (a product of Fuji Electric 
Works Co. Ltd., Japan) either the “?ne powder” obtained 
by coagulating an aqueous dispersion of colloidal poly 
tetra?uoroethylene obtained by emulsion polymerization, 
the commerical grade polytetra?uoroethylene powder, or 
the powder obtained by the polymerization in the vapor 
phase of tetra?uoroethylene at 3-10 atmospheres and 
040° C. in the presence of water containing a reaction 
initiator of free radicals; or the ?nely divided powder 
obtained by grinding the commercial grade polytetra 
?uoroethylene molding powder (normally of particle 
diameter 300—l,000 microns) in the “Micron Mill” (prod 
uct of Hosokawa Iron Works Ltd., Japan) or “Jet-O 
Mizer.” 
While it may seem strange that the strength is increased 

when, as in this case, granular powder of the same type 
of substance is added and mixed with polytetra?uoro 
ethylene ?brous powder, this fact has been made known 
for the ?rst time by means of this invention. 
The ?brous powder having an average ?ber length of 

IOU-5,000 microns, an average shape factor of not less 
than 10 and an anisotropic expansion factor of 1.30-7.00 
differs in its melting temperature of the crystals and 
shrinkage temperature of ?bers, the latter being higher. 
The melting point of the polytetra?uoroethylene granular 
powder is the same as that of the melting temperature of 
the crystals of the ?brous powder, and since the 
powder becomes completely gelled at above the melt 
ing point, the intimate bonding between the ?brous 
powder is effected to increase the strength of the 
product if it is sintered above the melting tempera 
ture of the crystal but at a temperature which does 
not change the form of the ?brous powder. Further, 
since the melting point of the tetra?uoroethylene-hexa 
?uoropropylene copolymer is lower than that of polytetra 
?uoroethylene, it becomes a good binder, with the con 
sequence that the strength of the molded product is en 
hanced. Thus, even tthe ?brous powder having an an 
isotropic expansion factor of above 1.30 and below 7.00, 
which could not have been molded by the prior art proc 
esses unless much care was exercised in its sintering can 
now be readily molded into thin paper and cardboard or 
boardlike structures by its conjoint use with the various 
thermoplastic resin powders, and particularly with the 
polytetra?uoroethylene powder having an average particle 
diameter below 500 microns or the tetra?uoroethylene 
hexa?uoropropylene copolymer powder. 
While the strength of the resulting paper or cardboard 

and boardlike structure will be increased in concomitance 
with an increase in the amount of the conjointly used 
powder, the air~permeability or the ?ltration speed is de 
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creased. Thus, the conjoint use of a powder such as, for 
example, of polytetra?uoroethylene or the tetra?uoro 
ethylene-hexa?uoropropylene copolymer plays the role of 
a regulator of air-permeability. 

It accordingly becomes necessary to increase or de 
crease the amount of the conjointly used powder depend 
ing upon the purpose to which the resulting molded 
product is to be put. When a paper of great air-permeabil 
ity of ?ltration speed is required, the conjointly used 
powder in an amount of l—15% by weight is suitable, but, 
on the other hand, when one is required which is strong 
though its air-permeability is small, the amount suitably 
used is 15-50% by weight. An amount ranging between 
0.2% and 50% by weight is chosen depending upon the 
strength and air-permeability desired in the product. 
The method of making conjoint use of a powder may 

be that in which the powder to be conjointly used is added 
after the ?brous'powder has been dispersed in the aqueous 
medium or that in which the ?brous powder and the 
powder to be conjointly used are mixed in a dry type 
mixer, etc. 
We also found that good quality paper and air-pervious 

cardboard or boardlike structures predominantly of poly 
tetra?uoroethylene could be made by dispersing a ?brous 
powder having an average ?ber length of 1‘00—5,000 mi 
crons, an average shape factor of not less than 10 and an 
anisotropic expansion factor of 1.30-7.00, in an aqueous 
medium containing 0.540% by weight of particles of 
polytetra?uoroethylene and/or a tetra?uoroethylene-per 
?uoroole?n copolymer (CF2=‘CFRf where Rf is a radical 
consisting of carbon and ?uorine) whose average particle 
diameter is 0.05—‘0.5 micron, then using this dispersion 
to form a web, and thereafter heating the web at above 
270° C. under atmospheric or superatmospheric pres— 
sures. 

The particles used in this instance consisting of that 
of polytetra?uoroethylene or a copolymer of tetra?uoro 
ethylene and per?uoroole?n (CF2=CFRf where Rf is a 
per?uoroalkyl radical) of which the average particle 
diameter is ‘below 0.5 micron can be obtained readily as 
an aqueous, colloidal dispersion by the emulsion polym 
erization according to customary procedures of tetra 
?uoroethylene alone or as a mixture in optional propor 
tions of tetra?uoroethylene and perfluoroole?n in the pres 
ence of water, using an emulsi?er and a polymerization 
initiator of free radicals. Further, the commercial grade 
polytetra?uoroethylene dispersion or the ?uoroethylene 
propylene copolymer dispersion in which C3F6 has been 
used as a copolymer constituent, are conveniently useable. 
These dispersions normally contain several percent of a 
surfactant and thus can be used as such for making the 
paper as contemplated by this invention; however, since 
their content of resin is great and as a result they yield 
products lacking in pores, they are preferably used diluted 
with water or an ion-exchanged water. 
The 0.05—0.5 micron polytetra?uoroethylene or tetra 

?uoroethylene-per?uoroole?n copolymer contained in the 
aqueous dispersion used in the present invention can be 
used in any concentration provided it is between 0.5% 
and 40% by weight. Naturally, the paper and cardboard 
or boardlike structures obtained by forming the ?brous 
powder into a web using a dispersion containing a great 
amount of resin will become relatively dense and the 
surface of such a paper, cardboard and boardlike struc 
ture will be smooth and have a good touch. Conversely, 
when the web is formed using a dispersion whose content 
of resin is small, the product obtained will be one having 
great air-permeability. Hence, the choice of the concen 
tration of dispersion will be ‘decided in accordance with 
the use to which the ?nal product is to be put. 
The addition in this manner of a small amount of the 

aforesaid dispersion in the dispersion in which the ?brous 
powder has been dispersed has the effect of enhancing 
the luster of the surface of the paper or cardboard and 
of also increasing their strength somewhat. Thus, it be 
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comes possible either to omit the step or reduce the time 
required for ?nishing the product by means of rolls fol 
lowing the formation of the web and heating. 

Another advantage in connection with the use of the 
dispersion of 05-005 micron polytetra?uoroethylene 
and/or tetrafluoroethylene-per?uoroole?n copolymer is 
that when this dispersion medium to which has been dis 
persed the ?brous powder having an average ?ber length 
of IUD-5,000 microns, an average shape factor of not 
less than 10, an anisotropic expansion factor of 1.30-7.00 
is used and is formed into a web above a liquid~pervious 
reinforcing material layer which can retain its original 
form even though heated to 270-380° C., and thereafter 
the web formed is heated along with the reinforcing ma 
terial layer at a temperature of 270-380° ‘C. under at 
mospheric or superatmospheric pressure, the production 
of reinforced paper and liquid-pervious cardboard or 
boardlike structures predominantly of polytetra?uoro 
ethylene is possible. 
The paper and liquid-pervious cardboard or boardlike 

structures predominantly of polytetra?uoroethylene ob 
tained from the ?brous powder thereof having an average 
?ber length of 100-5,000 microns, an average shape fac 
tor of not less than 10 and an anisotropic expansion fac 
tor of 1.30-7.00 alone or in a state in which it contains 
a small amount of a thermoplastic resin powder by form 
ing into a paper web and sintering exhibit excellent per 
formance as ?lter material at low pressures, but when 
used at high pressures, for example, in separating water 
contained in gasoline, they encounter trouble with respect 
to their bursting strength. 
Now, however, if in accordance with the present in 

vention, the web is formed on top of a liquid-pervious 
reinforcing material layer which can retain its original 
form even though heated to 270-3800 ‘C., such as, for 
example, a wire screen, metallic wool, glass cloth and 
glass wool, this defect of the conventional processes can 
be overcome and thus it is possible to provide improved 
thin paper and liquid-pervious cardboard and boardlike 
structures predominantly of polytetra?uoroethylene, 
which can be used even under high pressures. 

Although the 0.05—0.5 micron polytetra?uoroethylene 
and/or tetrafluoroethylene-per?uoroole?n copolymer con 
tained in the dispersion may be in any concentration with 
in the range of 0.5% to 40% by weight, an aqueous dis 
persion containing a greater amount of resin enhances 
the adhesion of the paper and liquid-pervious cardboard 
or boardlike structures to the reinforcing material layer. 
Liquid-permeability, however, declines as the content of 
the resin increases in the aqueous dispersion. When an 
aqueous dispersion containing more than 40% by weight 
of the particles of polytetra?uoroethylene and/or tetra 
?uoroethylene-per?uoroole?n copolymer whose average 
particle diameter is 0:05-05 micron is used, the paper 
and cardboard or boardlike structures will adhere per 
fectly to the reinforcing material layer, but will become 
such that it is practically without liquid-permeability, thus 
rendering it impossible to attain the objects of the present 
invention. 
On the other hand, when the content of resin in the 

aqueous dispersion is less than 0.5% by weight, the paper 
and cardboard or boardlike structures will not adhere to 
the reinforcing material layer at all, or at most imper~ 
fectly. Thus, the objects of the invention cannot be 
achieved. 
The following are examples to further illustrate the 

present invention: 
EXAMPLE 1 

1 part of polytetra?uoroethylene ?brous powder hav 
ing an average ?ber length of 950 microns, an average 
shape factor of 38, and anisotropic expansion factor of 
5.2, was mixed with 200 parts of polytetra?uoroethylene 
aqueous dispersion. 
A dispersion was prepared by diluting polytetra?uoro 

ethylene dispersion containing about 60% by weight of 
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8 
a commercial grade resin with ion exchange water to 
such a degree that the resin content became 10%. As to 
the said dispersion, the surface active agents of polyoxy 
ethylene, alkylallylether type and alkyl betaine type were 
respectively added by about 0.3%. The surface tension 
of dispersion at 25° C. was 35 dyne/ cm. 
The dispersion containing ?brous powder was treated 

with a TAPPI type paper machine having a diameter of 
230 mm., and then it was peeled off from the wire net, 
was dried, and then sintered at 335° C. in an electric 
furnace for 20 minutes. ' 
The paper of polytetrafluoroethylene obtained was 180 

g./m.2 thick, and the tensile strength thereof was 18 
kg./ 15 mm. The water permeability Was 23-25 seconds, 
and retension properties of precipitates were excellent. 
The surface of the paper was uniform and there was no 
unevenness. 

EXAMPLE 2 

By employing the same operation as in ‘Example 1 (10% 
of resin contained in the dispersion was tetra?uoroethyl 
ene-hexafluoropropylene (\85 to 15) copolymer) ), the sur 
face tension of the dispersion at 25° C. was adjusted to 
37 dyne/cm. and the same surface active agents as em 
ployed in Example 1 were used. 
The tensile strength of the paper was almost the same, 

namely, 1.8 kg./ 15 mm., either in air or in water. 
The water permeability was 20 seconds. 
The surfaces of the papers obtained in Examples 1 and 

2 proved very smooth. 

EXAMPLE 3 

In Example 1, the amount of polytetra?uoroethylene 
contained in the dispersion was adjusted to 15%, and 
other operations were so adjusted to be equal to those of 
Example 1, and thereby the dispersion containing ?brous 
powder was prepared. In subjecting the said dispersion to 
the TAPPI type paper machine with a diameter of 230 
mm., the dispersion was screened on the carefully placed 
200 mesh stainless steel wire net so as not to cause a 
wrinkle on the wire net of the said paper machine, and 
almost all the ?brous powder was spread on the stainless 
steel wire net uniformly, and no powder was recognized 
on the wire net of the paper machine. 
Then the stainless steel wire net was dried with the 

?brous powder spread over the net, and when they were 
therafter sintered at 335° C. for 20 minutes, paper was 
obtained whose main component was polytetra?uoroethyl 
ene which was completely melt-adhered to the net. 
The water permeability thereof was 80 seconds, and 

retention properties of precipitates were excellent, and the 
surface thereof was smooth and uniform . 

EXAMPLE 4 

This example was substantially identical to Example 3, 
but in this example tetra?uoroethylene-hexa?uoropropyl 
ene (85 to 15) copolymer dispersion was employed, and 
the resin content was adjusted to 20%, 0%, the surface 
tension of the dispersion at 25° C. was adjusted to 37 
dyne/ cm. by employing the same surface active agent as 
in Example 3. XInstead of the stainless steel wire net 
used in Example 3, glass cloth was used, and the paper 
of polytetra?uoroethylene completely melt-stuck to the 
glass cloth was obtained. 

EXAMPLE 5 

The paper whose main component was polytetra?uoro 
ethylene reinforced by the wire net obtained in Example 3 
was ?xed on the bottom of stainless steel cylindrical vessel 
so as not to have the liquid leak out from'the contact sur— 
face of the paper and the cylindrical vessel. Then the 
cylindrical vessel with the paper was set perpendicularly, 
and a glass receiver was provided at the lower part of the 
cylindrical vessel. 
Then when the mixture of 50 parts of carbon tetra 

chloride and 50 parts of Water was poured from above 
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the said cylindrical vessel, carbon tetrachloride alone 
passed through the paper whose main component was 
polytetra?uoroethylene, but water did not pass through. 

Similar tests were conducted against gasoline-aqueous 
mixture, trichlorotri?uoroethane-aqueous mixture, and in 
either case water stayed at the upper part of the paper 
whose main component was polytetra?uoroethylene, and 
did not pass through the ?lter itself. 
The aqueous portion in the solution received in the 

glass receiver at bottom after passing through the paper 
was quantitatively analyzed by the Karl Fisher method, 
and the results as given in Table 1 were obtained: 

TABLE 1 

Percent aqueous portion 

Before After 
Tested solution ?ltration ?ltration 

Carbon tetrachloride _____________________ _ _ 50 0. 008 
Gasoline _______________ ._ _ __ 1 0.009 

Tn'chlorotri?uoroethane _____ __ __._ 30 0 009 

The paper, cardboard and boardlike structure can be 
used as non?ammable excellent ?lter material which is 
free from corrosion by any chemicals. Polytetra?uoroeth 
ylene is originally water repelling, and this ?lter paper does 
not allow any substantial amount of water to pass, but in 
case water and aqueous solutions are ?ltered, the ?lter 
material is saturated with such hydrophilic solutions as 
methanol, ethanol, and acetone to wet the polytetra?uoro 
ethylene well. Then the solution is replaced with water, 
and by so doing the ‘?lter material passes water. 

Therefore, the ?lter paper obtained according to the 
present invention can be used as the conventional ?lter 
papers almost in the same manner, and the tensile strength 
in the water is almost the same as in air and when the 
precipitate is scraped, the ?lter paper does not break, nor 
does the ?ber thereof go off. 
The ?lter paper, after having been used, is washed with 

such solutions as to dissolve the precipitate, is dried up, 
and the used ?lter paper can restore the original state. 
The ?lter can stand repeated uses. 
The thin polytetra?uoroethylene paper obtained accord 

ing to the present invention is very soft, and can be used 
as a substitute for deerskin for cleaning lenses and pre 
cision machines and tools, and since the tensile strength 
thereof is high, the usages thereof as non-woven cloth 
can be considered. 
What is claimed is: 
1. A process for making air-pervious sheets of poly 

tetra?uoroethylene which consists essentially of dispersing 
in an aqueous medium whose surface tension at 25° C. is 
below 40 dynes per centimeter, a polytetra?uoroethylene 
?brous powder having an average ?ber length of 100 to 
5,000 microns, an average shape factor of not less than 
10, and an anisotropic expansion factor of 1.30 to 7.00, 
using the so obtained dispersion and forming a web, and 
thereafter sintering said web. 

2. A process for making air-pervious sheets predomi 
nantly of polytetra?uoroethylene which consists essentially 
of dispersing in an aqueous medium whose surface ten 
sion at 25° C. is below 40 dynes per centimeter, a poly 
tetra?uoroethylene ?brous powder having an average ?ber 
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length of 100 to 5,000 microns, an average shape factor 
of not less than 10, and an anisotropic expansion factor 
of 1.30 to 7.00, and 0.2% to 50% by weight, based on 
said ?brous powder, of a thermoplastic resin powder, using 
the so obtained dispersion and forming a web, and there 
after sintering said web at a temperature above the melting 
point of said thermoplastic resin. 

3. The process according to claim 2 wherein said poly 
tetra?uoroethylene ?brous powder is dispersed in an aque 
ous dispersion medium whose surface tension at 25 ° C. 
is below 40 dynes per centimeter, said dispersion medium 
containing 0.5% to 40% by weight of polymer particles 
0.05 to 0.5 micron in diameter, selected from the group 
consisting of polytetra?uoroethylene particles and tetra 
?uoroethylene-per?uoroole?n copolymer particles. 

4. The process according to claim 2- wherein said 
thermoplastic resin power is a polytetra?uoroethylene 
powder of a wet-sieve size below 500 microns. 

5. The process according to claim 2 wherein said 
thermoplastic resin powder is a tetra?uoroethylenehexa 
?uoroethylene copolymer powder of a wet-sieve size below 
500 microns. 

6. A process for making air-pervious sheets predomi 
nantly of polytetra?uoroethylene which have been rein 
forced with a reinforcing material, which comprises dis 
persing a polytetra?uoroethylene ?brous powder having 
an average ?ber length of 100 to 5,000 microns, an average 
shape factor of not less than 10, and an anisotropic ex 
pansion factor of 1.30 to 7.00, in an aqueous dispersion 
medium whose surface tension at 25 ° C. is below 40 dynes 
per centimeter, said dispersion medium containing 0.5% 
to 40% by weight of polymer particles 0.05 to 0.5 micron 
in diameter, selected from the group consisting of poly 
tetra?uoroethylene-per?uoroole?n copolymer particles, 
using the so obtained dispersion and forming a web on a 
liquid-pervious reinforcing material layer which is capable 
of retaining its original form even when heated to above 
the melting point of said polymer particles, and thereafter 
sintering said web together with said reinforcing mate 
rial layer. 

7. The process according to claim 6 wherein said tetra 
?uoroethylene-per?uoroole?n copolymer is tetra?uoro 
ethylene-hexa?uoropropylene copolymer containing 6% to 
20% by weight of hexa?uoropropylene as the copolymer 
component. 

8. The process according to claim 6 wherein is used 
as said liquid-pervious reinforcing material layer a mem 
ber selected from the group consisting of wire screen, 
metallic wool, glass cloth and glass wool. 
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