"-'

s <7 S5t e 07

United States Patent [

Poirier

[54] TETRAFLUOROETHYLENE COPOLYMER
FINE POWDER RESIN

Robert V. Poirier, Fairport, N.Y,

E. I. Du Pont de Nemours and
Company, Wilmington, Del.

[21] Appl. No.: 925,886
[22] Filed: Jul. 18, 1978

[75] Inventor:

[73] Assignee:

Related U.S, Patent Documents

Reissue of:
[64] Patent No.: 4,036,802
Issued: Jul, 19, 1977
Appl. No.: 616,442
Filed: Sep. 24, 1975
I51] Imt. Cl3 ..., CO8L 27/18; CO8F 259/08
[52] US.CL oo, 525/276; 525/902;
428/407
[58] Field of Search ........ccoovvvevvevereeeennn.. 5257276, 902
[56] References Cited
U.S. PATENT DOCUMENTS
3,088941 5/1963 Uhland ......ooevvrivmnnvincamnannns 260/92.1
3,142,665 7/1964 Cardinal et al. ............... 260/296 F
3,170,858 2/1965 Muehlberg et al. ........... 204/159.17
3,654,210 4/1972 Kuhlset al. .................... 260/29.6 F

(1] E

Patent Number: Re. 31,907

[45] Reissued Date of Patent: Jun. 4, 1985
3,769,252 10/1973 Fuynetal ...coocvvvvnnnnn.n. 260/32.8 R

3,798,287 3/1974 Murayama et al. ............ 260/878 R

31,819,594 6/1974 Holmesetal ................ 260/87.3 A

3,929,934 12/1975 Mooreetal. ....................... 260/884

4,129,618 12/1978 Downeretal. ............... 5257273 X

FOREIGN PATENT DOCUMENTS

654084 7/1965 Belgium .
1246834 9/197]1 United Kingdom .

Primary Examiner—Carman J. Seccuro

[57] ABSTRACT

Good extrusion at high reduction ratios is obtained with
a non-melt-fabricable tetrafluoroethylene fine powder
resin whose particles have an inner portion and an outer
portion, each portion being composed of a copolymer
of tetrafluoroethylene and a selected comonomer, in
which the comonomer content of the copolymer in the
Inner portion is greater than the comonomer content in
the copolymer in the outer portion. Such particles are
obtained by polymerizing tetrafluoroethylene and a
desired amount of the selected comonomer in an aque-
ous dispersion medium, then lowering the amount of
comonomer available, and continuing the polymeriza-
tion.

8 Claims, No Drawings




Re. 31,907

1

TETRAFLUOROETHYLENE COPOLYMER FINE
POWDER RESIN

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

FIELD OF THE INVENTION

This invention relates to dispersions of tetrafluoroeth-
ylene resins and fine powders suitable for paste extru-
sion obtained therefrom; and particularly to such dis-
persions and powders which contain a tetrafluoroethyl-
ene copolymer.

BACKGROUND OF THE INVENTION

Two types of polytetrafiuoroethylene resins are
available commercially, viz, granular resin and fine
powder resin. Granular resin is made by polymerizing
tetrafluoroethylene in an aqueous medium under condi-
tions which cause the polymer to coagulate during the
polymerization reaction to form particles which gener-
ally exceed 500 microns in diameter. The resin is then
comminuted to smaller particle sizes, e.g., 30 to 100
microns, for molding by such techniques as preforming
and sintering or for ram extrusion.

The fine powder resin is made by polymerizing tetra-
fluoroethylene in an agueous medium under conditions
which maintain the polymer dispersed as fine particles
0.05 to 0.5 micron 1n size in the medium until the poly-
merization reaction is completed. The particles in the
aqueous dispersion can then be coagulated and dried,
and are useful in this form for paste extrusion.

Two main differences between the processes for mak-
ing these resins is that (a) stirring in the granular poly-
merization system is more vigorous than in the fine
powder polymerization system, causing coagulation
during the polymerization reaction and (b) sufficient
dispersing agent is present in the fine powder polymeri-
zation system to maintain the polymer particies dis-
persed until the polymerization reaction is completed,
whereas the amount, if any, of dispersing agent present
in the granular polymerization system is insufficient to
give this result.

Commercially available fine powder resins are not
normally fabricable by commerical molding and ram
extrusion processes used for granular resin; and granu-
lar resin is not fabricable by the paste extrusion tech-
niques by which fine powder resin is most commonly
processed.

The present invention arises in the field of fine pow-
der the paste extrusion of these fine powder resins, the
resin is blended with lubricant to form lubricated ag-
glomerates which are precompacted and charged to an
extruder barrel and extruded at about room temperature
through a die with a cross-section much smaller than
that of the barrel. The resulting extrudate is then heated
to remove lubricant and usually sintered by heating to
coalesce the residual resin into an integral mass. A com-
mon commercial fine powder paste extrusion applica-
tion 15 extrusion onto a wire to insulate the wire. An
adverse property of these fine powder resins is their
tendency to develop shear faults or flaws when ex-
truded as a coating onto the wire at high reduction
ratios. (Reduction ratio is the ratio of the cross-sectional
area of the extruder barrel to the cross-sectional area of
the extruder die.) It has been found that each distinct
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fine powder resin has a certain maximum reduction
ratto above which the resin tends to develop flaws as it
1s extruded. At higher ratios, the resin may actually
shatter as it is sintered after it is extruded onto the wire.
The reason for the appearance of flaws in the coating as
the reduction ratio is increased is not entirely under-
stood but s believed to be due to the shear stresses built
up at the entrance to the die as the reduction ratio is
increased. Resins capable of extrusion at high reduction
ratios are desirable because the higher the ratio, the
larger the barrel that can be used, permitting extrusion
of longer continuous lengths of coated wire without
reloading the barrel. Thus, the search for fine powder
resins capable of extrusion onto wire at high reduction
ratios and exhibiting few or no flaws after sintering is a
continuing one.

The search 1s complicated by two facts. Firstly, many
prior art reports of fine powder resins capable of being
examination for flaws occurring during extrusion of
beading—1i.e., solid cylindrical extrudate—instead of on
sintered wire coating. The former is a less sensitive test
because flaws in the beading are detected by visual
inspection, while flaws in wire coated for electrical use
are found by electrically testing in order to detect much
smaller flaws (whose detection is of importance in elec-
trical applications). Thus, reports of prior art fine pow-
der resins that can be used as high reduction ratios are
frequently misleading because they are based on gross
visual inspections. Secondly, fine powder resin coat-
ings, as extruded on the wire, are unsintered and upon
sintering the coated wire for enduse applications, addi-
tional flaws appear in the coating. But much of the past
work, as evidenced by the prior art in this area, has not
considered the flaws that appear during sintering and
again has erroneously reported fine powder resins of
good extrusion quality having high reduction ratios. In
reality, however, because of the flaws appearing during
sintering, useful reduction ratios of such resins pro-
duced by such past work are much lower.

In summary, in the past, the quality of a fine powder
resin for paste extrusion has been measured by paste
extruding unsintered beading and visually examining
the beading for flaws. As a result, resins have been
reported acceptable for extrusion onto wire at reduction
ratios as high as 10,000:1. However, though the correla-
tion of unsintered beading extrudate having few flaws
and sintered wire coating extrudate having few flaws
may be valid when resins are paste extruded at low
reduction ratio (e.g., 1950:1 or less), the correlation
breaks down when extrusion is carried out at higher
reduction ratios. In other words, resins which the art
has said are extrudable to produce acceptable unsin-
tered beading at reduction ratios of over 1950, are, in
reality, unacceptable to produce sintered wire coatings
at the reduction ratios said to be acceptable. For exam-
ple, Cardinal et al.,, U.S. Pat. No. 3,142,665, discloses
fine powder resins that are said to produce acceptable
unsintered beadings at reduction ratios of 10,000:1 or
more; however, as shown in the Comparisons hereinbe-
low, resin produced according to the Cardinal et al.
patent has numerous flaws when extruded and sintered
on wire at a reduction ratio of only 1930:1. On the other
hand, the Examples hereinbelow, e.g., Example 1, show
the resins of this invention had few flaws when extruded
and sintered on wire at a reduction ratio of 1930:1 and
2840:1.
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SUMMARY OF THE INVENTION

In accordance with this invention, good extruded
wire coatings are obtained at high reduction ratios with
a fine powder resin whose particles have an inner por-
tion and an outer portion, each portion being composed
of a non-melt-fabricable copolymer of tetrafluoroethyl-
ene and a selected comonomer, in which the comono-
mer content of the copolymer in the inner portion is
greater than the comonomer content in the copolymer
in the outer portion. Such particles are obtained by
polymerizing tetrafluoroethylene and a desired amount
of the selected comonomer in an aqueous dispersion
medium, then lowering the amount of comonomer
available, and continuing the polymerization. Most con-
veniently, lowering the amount of comonomer avail-
able is carnied out simply by venting unreacted mono-
mers from the reaction autoclave and repressuring the
autoclave with tetrafluoroethylene, which, upon re-
starting the polymerization, polymerizes with residual
comonomer. This aspect of the polymerization will
somefimes be referred to hereafter as the vent-repres-
sure step.

Specifically, the compositions of this invention are:

1. An aqueous polymer dispersion comprising a dis-
persion of non-felt-fabricable tetrafluoroethylene poly-
mer particles in water at a solids content of between
about 10 and about 65 weight percent; said particles
having an average size of between about 0.1 and 0.5u;
said particles having at least two portions, an outer
portion and an adjacent inner portion, each portion
consisting essentially of a copolymer of units of tetraflu-
oroethylene and at least one comonomer having the
formula

(a)

wherein
R independently is F or H:
R; independently is F or Cl;
Rj can be Cl, —Rrp, —ORg —R’'FH, —OR’'fH,
—QOR’'£Cl, —R'eCl or

= OCF2:CFO{(CF ), SOvF,

I
CFj

wherein Rg is linear perfluoroalkyl of 1-5 carbon
atoms, and R'zis linear perfluoroalkylene (perfluo-
rinated alkane diradical) of 1-5 carbon atoms in
which the designated substituent is an omega sub-
stituent; and
when R;is F, R; and R; taken together can be

/ N
O O
~ o
CFy—CF(CF3):;

or the formula
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R 1)

C=CH;
Rg

wherein Rs and Rg are independently —CF; or
—CCIF3; said inner copolymer portion containing a
higher percentage of said comonomer than the outer
copolymer portion; the total comonomer content pres-
ent in the particle, the percentage of comonomer pres-
ent in the copolymer of each portion, and the amount of
each portion with such particles being sufficient to pro-
duce on AWG 22 wire a sintered coating having no
more than 5 flaws per 100 meters of coated wire when
said particles are paste extruded at a reduction ratio of
2840:1, the flaws being detected by subjecting the sin-
tered coated wire to a high voltage spark tester at 2KV
and 300 Hz.

2. A tetrafluoroethylene fine powder resin obtained
by coagulating the particles from the dispersion de-
scribed above. Generally, the coagulated particles are
agglomerates of the smaller primary particles in the
aqueous dispersion, for the coagulated particles usually
have an average size between about 350u and about
800u.

The process aspect of the invention is a process for
preparing an aqueous dispersion of tetrafluoroethylene
polymer particles which comprises

1. subjecting tetrafluoroethylene and at least one
comonomer of the formula

{(a)

wherein
R independently is F or H;
R independently is F or CI;
R3 can be Cl, —Rr —ORgs —R’'FH, —OR’gH,
—~—QOR'rCl, or —R'Cl or

=—QCFCFO(CF,)2S0,F,

|
CF;

wherein Rr is linear perfluoroalkyl of 1-5 carbon
atoms, and R'g1s linear perfluoroalkylene (perfluo-
rinated alkane diradical) of 1-5 carbon atoms in
which the designated substituent is an omega sub-
stifuent; and
when Rj1s F, R; and Rj taken together can be

/
O

N

N
o

/
CF2—CF(CF3);

or the formula

Rs (b)

C=CH;

/
Rg

wherein Rs and Rg¢ are independently —CF; or
—CClF3; wherein the mole ratio of the amount of the
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comonomer to the tetrafluoroethylene is between about

0.0005 and about 0.05, to polymerizing conditions of

temperature and pressure in an aqueous medium having
dissolved therein a free-radical initiator and a dispersing
agent and at an agitation level of from between about 2
to 12 joules/sec.-l. until the polymer solids content is
between about 20 and 50% of the weight of the result-
ing dispersion,

2. subjecting the aqueous dispersion obtained in step
(1) to tetrafluoroethylene and said comonomer in a
mole ratio of comonomer to tetrafluoroethylene of be-
tween about 0.0001 and 0.005 provided said ratio is less
than that in step (1) under polymerizing conditions of

temperature and pressure and at an agitation level of

from between about 2 to 12 joules/sec.-l. until the solids
content i1s between about 35 and 65% of the weight of
the resulting dispersion and is at least about 15% greater
than the solids content of the dispersion obtained in step
(1).

In one aspect of the invention, the polymerization in
step (a) occurs in the presence of very small particles,
e.g. about 0.03 to 0.12u in average size, of tetrafluoro-
ethylene homopolymer. Thus in such an instance, the
fine powder particles produced will contain a small
core of tetrafluoroethylene homopolymer.

By the term “non-melt-fabricable’” is meant a tetraflu-
oroethylene polymer whose melt viscosity is so high
that the polymer cannot be easily extruded by melt
fabrication techniques. Generally the lower the molecu-
lar weight of the copolymer, the lower the melt viscos-
ity. A melt viscosity above which tetrafluoroethylene
polymers are non-melt-fabricable is 1X 107 poises. The
melt viscosity is measured as described under Specific
Melt Viscosity found below.

DESCRIPTION OF THE INVENTION

The comonomers used herein are represented by the
formula

wherein K, R; and R3 are defined as recited above.
Preferably R and R are fluorine. Preferably also R is
—Rfr or —OR g Representative comonomers include
hexafluoropropylene, perfluoroheptene-1, per-
fluoromethyl vinyl ether, perfluoropropyl vinyl ether,
perfluoropentyl vinyl ether, the omega (w) hydrogen or
chloro analogs of the foregoing comonomers, di-
chlorodifluoroethylene, perfluoro(2-methylene-4-meth-
yl-1,3-dioxolane), and the like. Preferably R3 is —ORF,
viz, monomers of the formula FC—=—CFORf. These
perfluoro (alkyl vinyl)ethers when used as the comono-
mer generally result in polymer particles having very
high thermal stability and although the thermal stability
of all the copolymers used herein is good, the ether-con-
taining copolymers can be sintered with good results at
higher temperatures and therefore can be processed at
greater oven speeds then can other copolymers.

Generally, to obtain good extrudability, the comono-
mer content in the particles will be between 0.005 and
2% by weight, based on weight of the copolymer. The
preferred amount will be smaller if the molecular
weight of the comonomer increases.

The particles of the invention are produced by poly-
merizing tetrafluoroethylene and comonomer in stages
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whereby each portion of copolymer produced, after the
first, 1s attached to and instantly associated with the
copolymer portion produced during the preceding
stage. This sequential stage-by-stage polymerization
produces particles of the invention when the comono-
mer content 15 varied from stage-to-stage as described
herein.

Polymenzation of tetrafluoroethylene and comono-
mer 1n both stages is generally carried out in accordance
with known procedures. Thus, monomer pressures of |
to 1000 atmospheres may be employed, although it is
generally preferred to employ pressures from 1 to 75
atmospheres and most preferably 20-30 atmospheres,
since otherwise expensive high pressure equipment is
required to handle the monomer safely, The reaction
temperature 1s maintained at a temperature ranging
from 0° to about 100° C., preferably 50°-95° C. Higher
temperatures can be employed if the pressure is suffi-
ciently high to maintain the reaction medium, i.e., the
water, in the liquid phase. Cooling of the reaction mix-
ture 1s generally required, since the polymerization is
exothermic.

A wide variety of free radical initiators may be em-
ployed in the present invention, particularly water solu-
ble organic and inorganic peroxides. Examples include
disuccinic acid peroxide, diglutaric acid peroxide,
monopersuccinic acid, and ammonium persulfate,
among others. Preferred initiators are ammonium per-
sulfate and disuccinic acid peroxide. Redox polymeriza-
tion initiators such as sodium bisulfite with ferricitro-
phosphates may also be employed as polymerization
initiators in the present invention. The quantity of the
initiator may be varied over a wide range depending on
the polymerization rate and degree of polymerization
desired; but generally from 0.0005% to 0.5% of initiator
by weight of the water is present.

The ratio of water to monomer in the process of the
present invention 1s not critical but i1s merely a matter of
choice depending upon the size of the vessel and other
obvious factors. In general, the water is usually present
on a weight basis ina ratio of greater than one part of
water per part of monomer and preferably 1.5 to 25
parts of water per part of monomer. The water should
be free of oxygen and chlorine and preferably should be
demineralized.

A dispersing agent 1s present in the polymenzation
mixture in order to ensure the production of an agueous
dispersion. The dispersing agent used in the polymeriza-
tion may be any suitable water-soluble ionizable dispers-
ing agent which will permit the production of aqueous
dispersions of colloidal polymeric tetrafluoroethylene.
Some of the most desirable dispersing agents are those
compounds having a solubility of water of at least 0.1%
at 100° C. and comprising an ionic hydrophilic portion
and a hydrophobic portion, said latter being a highly
fluorinated radical containing at least 6 aliphatic carbon
atoms. Such dispersing agents are disclosed in U.S. Pat.
No. 2,559,752, issued to K. L. Berry. Since high specific
melt viscosity resins are to be made in this invention, the
dispersing agents should be non-telogenic, which means
that they are not sufficiently active as chain transfer
agents to reduce the melt viscosity of the copolymer
prepared below the desired level.

Examples of the preferred dispersing agents are those
water-soluble salts from the group consisting of alkali
metal, ammonium and substituted ammonium salts of a
polyfluoroalkanoic acid having the general formula
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B(CF>),COQOH, wherein B is from the group consisting
of hydrogen and fluorine and n is an integer from 6 to 20

inclusive. Preferably B is fluorine. Specific examples
include potassium hexadecafluorononanoate, ammo-
nium eicosafluoroundecanoate, ammonium hexadeca-
fluorononanoate, potassium eicosafluoroundecanoate,
sodium dodecafluoroheptanocate, ammonium per-
fluoropelargonate, sodium perfluorocaproate, ammo-
nium perfluorocaprylate, and the like. Mixtures of two
or more dispersing agents are also suitable for use in this
invention.

The amount of the dispersing agent used is not partic-
ularly critical and may vary, for example, from 0.01 to
10% by weight of the water used. If it is desired to
increase the average resin particle size dispersing agent
can be added in increments during the polymerization in
the first stage according to the following program: Add
at least 0.001 weight percent dispersing agent before 2
weight percent of polymer solids are formed; use an
average of 0,002 to 0.05 weight percent dispersing agent
during the formation of the first 4 weight percent of
polymer solids, and use in excess of 0.05 weight percent
dispersing agent during the period in which the poly-
mer solids exceeds 10 weight percent. Weight percents
are based on water.

Other components of the polymerization mixture
which may be present include an initiator activating
agent. As the initiator activating agent, there may be
added, aithough such is not essential to the polymeriza-
tion, a small quantity of powdered iron as described in
U.S. Pat. No. 2,750,350, issued to A. E. Kroll, June 12,
1956. The iron powder, commercially available as re-
duced iron powder, being essentially pure iron free
from oxidation products, can be added to increase the
rate of polymerization when employed in combination
with peroxides. When employed, the quantity of the
iron used is generally less than 10 p.p.m. by weight of
the water present.

It is also preferred in making the more concentrated 4,

dispersion of this invention to employ a coagulation
inhibitor which can be one of the saturated hydrocar-
bons as described in U.S. Pat. No. 2,612,484 issued to G.
S. Bankoff. As pointed out in the Bankoff patent, these
hydrocarbons are efficient stabilizing agents against
coagulation of the polymer and permit agitation of the
reactants without danger of coagulating the polymer.
These hydrocarbon anticoagulants also help to seques-
ter and remove any coagulated polymer which sepa-
rates from the aqueous medium. The saturated hydro-
carbon compounds which are suitable for this purpose
include those which have more than 12 carbon atoms
and are liquid under polymerization conditions. Specific
examples include octadecane, eicosane, tetradecane,
cetane, mixtures of hydrocarbons commonly known as
white otils and paraffin waxes, liquid at the polymeriza-
tion temperature. These hydrocarbons can be added to
the aqueous medium before polymerization in propor-
tions of about 0.1 to 12% by weight based on the water
present.

The agitation speed is dependent upon the autoclave
and agitator dimensions. Howevere, it can be generally
classified as mild. For example, an agitation speed of
30-60 r.p.m. 1s appropriate for a 36,250 cc. horizontal
autoclave having a length-to-diameter ratio of about 1.5
to 1 and provided with a four bladed cage-type agitator
running the length of the autoclave. In general, the
degree of agitation during the polymerization of either
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stage may be between about 2 and 12 joules/sec.-l..
preferably 8-12.

To prepare the resin particles of this invention, tetra-
fluoroethylene and comonomer can be introduced (e.g.,
pressured) into the reaction vessel (e.g., an autoclave).
Either may be instructed first or both may be added
simultaneously. In addition, the monomers can be added
in several increments during the course of the polymeri-
zation. However added, the total amount of monomers
present during the first stage of the polymerization
should be suffictent to result in a copolymer containing
between about 0.005 and 2.0%, preferably 0.02 to
0.20% by weight comonomer content. In terms of par-
tial pressure, the comonomer content in the reaction
vessel during this stage should be between about 0.05
and 5.0 percent, preferably 0.5 to 1.59% of the total
pressure in the autoclave (which is equivalent to a mole
ratio of the amount of comonomer to tetrafluoroethyl-
ene of 0.0005 to 0.05). Of course, the specific amounts of
comonomer employed will depend on the proportion of
units derived from its desired in the copolymer, on the
particular comonomer used, and on the polymerization
conditions employed.

In one embodiment, the comonomer is not added
unttl up to about 15% of the tetrafluoroethylene has
been polymerized. Resins produced by this procedure
according to this invention are frequently white and
opaque when extruded onto wire.

Polymerization to make the portion of the copolymer
that is adjacent to the outer portion is carried out until
the polymer solids content of the aqueous reaction mix-
ture 18 between about 20 and 50% by weight based on
the weight of the mixture and until the amount of tetra-
fluoroethylene is copolymerized form amounts to about
25-85%, preferably 65-75%, by weight of the total
amount desired in polymenzed form. Stirring is then
stopped, and most of the monomer mixture is removed.
Removal 1s ordinarily accomplished by simply venting
the reaction vessel until the pressure in the vessel is
between about atmospheric pressure and up to about
one-half the polymerization pressure used in this stage
of the polymerization.

The resulting aqueous dispersion is then treated to
another polymerization by subjecting it to tetrafluoro-
ethylene monomer and comonomer (preferably, but not
necessarily, the same comonomer used in the previous
stage of the polymerization) in amounts such that the
comonomer content in the copolymer produced in this
stage is less than the comonomer content in the copoly-
mer produced in the previous stage. Generally the
amount of comonomer is the copolymer produced in
this stage (1.e., in the preparation of the outer layer of
the particle) should be less than one-half, preferably less
than one-fifth and most preferably less than one-tenth,
the amount in the previous stage copolymer. Generally,
also, the amount of the comonomer present will be an
amount sufficient to obtain good few-flaw extrudates
mentioned previously. For example, when perfluoro(-
propyl vinyl ester) 1s the comonomer, the amount pres-
ent in copolymerized form in the copolymer of this last
stage should be less than 0.005 mol percent. The mini-
mum amount of the comonomer present in the vessel,
regardless of whether the copolymer of this last stage is
obtained by the vent-repressure step, is an amount re-
quired to produce a mole ratio of comonomer to tetra-
fluoroethylene of at least about 0.0001. For hexafluoro-

ethylene the minimum amount will be slightly greater.
Preferably, the minimum amount wil be about 0.0002.
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Polymerization of this last stage is then carried out
under the conditions recited hereinabove until the
amount of tetrafluoroethylene is polymerized form in
the previous stage represents from about 25 to about
85% of the total polymerized tetrafluoroethylene in the
particle. Usually at this point the total solids is at least
about 15% greater than it was at the end of the previous
stage, and preferably is about 25-35% greater.

Upon completion of this last stage of the polymeriza-
tion, the resulting agueous dispersion is ordinarily
passed into a wax separator where the dispersion is
cooled to allow separation of the coagulation inhibitor.
The aqueous dispersion can be employed as such for use
in dip coating or impregnating applications. The num-
ber average size of the resin particles in the aqueous
dispersion is between about 0.1 and 0.5u. Thus, the resin
15 in a colloidal state. The resin particles in the agueous
dispersion can be coagulated by subjecting the disper-
sion to high shear agitation or by other known methods.
Suitable agitation power is from about 16 to about 160
joules/sec.-l. the resin particles agglomerate during
coagulation to form agglomerates having a weight aver-
age size of between about 350u and about 800u. The
coagulated particles are then separated and dried by
ordinary procedures.

A second method for coagulation, which can be used
to impart improved handling properties to the resin,
utilizes a modified version of the vessel described in
Example 2 of U.S. Pat. No. 2,593,583. The four equidis-
tantly spaced baffles are shortened to extend from the
bottom of the cone to approximately half the height of
the vessel and a second agitator, similar to the single
agitator but without the blades being pitched, is added
approximately half way from the bottom of the agitator
shaft to the top of the vessel. In this vessel, coagulation
1s carried out with the dispersion temperature between
20°-30° C,, the dispersion solids level between 15-20%,
and with the agitator speed between 330-600 rpm, de-
pending upon the agglomerate particle characteristics
desired. |

The fine powder resins of this invention can be paste
extruded at higher reduction ratios than fine powder
resins of the prior art to produce sintered coatings of the
resin on wire having fewer flaws in the coating per
length than could the fine powder resins hitherto avail-
able. The Examples which follow illustrate the inven-
tion, and the Comparisons which follow compare the
products and process of the invention with ones outside
the scope of the invention. In the Examples, the stan-
dard specific gravity (8SG), specific melt viscosity
(MV), average dispersion particle size and comonomer
content are determined as follows:

Standard Specific Gravity (SSG)

SSG 1s a means of indirectly measuring the molecular
weight of a tetrafluoroethylene polymer. Generally, the
lower the SSG, the higher the molecular weight. It is
determined by the ratio of weight in air to weight of an
equal volume of water at 23° C. of a specimen prepared
in a standard manner. In the standard specimen prepara-
tion, a 12 gram sample of dry resin powder is leveled
between aluminum foils, in a cylindrical mold 2.73 cm.
in diameter, and pressure is gradually applied during
about 30 seconds to a final pressure of about 352
kg./cm.2, which is held for two minutes. The resulting
preform is baked in an air oven at 380° C. for 30 minutes
after heating from 290° to 380° C./min., cooled at 294°
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C. at arate of 1° C. per minute, removed from the oven,
and then conditioned for 3 hours at 23° C.

Specific Melt Viscosity

To obtain specific melt viscosity, the rate of elonga-
tion 1s measured for a small strip of resin in creep under
a known tensile stress. 12 G. of fine powder resin is
placed in a 7.6 cm. diameter mold between 0.152 cm.
rubber cauls and paper spacers. The mold is then heated
at 100° C. for | hour. Pressure is then slowly applied on
the mold until a value of 140.6 kg./cm.2is obtained. This
pressure is held for 5 minutes and then released slowly.
After the sample disc is removed from the mold and
separated from the cauls and paper spacers, it is sintered
at 380° C. for 30 minutes. The oven is then cooled to
290° C. at a rate of about 1° C. a minute and the sample
1s removed. A crack-free rectangular sliver with the
following dimensions is cut: 0.152 to 0.165 cm. wide,
0.132 to 0.165 cm. thick, and at least 6 cm. long. The
dimensions are measured accurately and the cross-sec-
tional area 1s calculated. The sample sliver is attached at
each end to quartz rods by wrapping with silver-coated
COpper wire.

The distance between wrappings is 4.0 cm. This
quartz rod-sample assembly is placed in a columnar
oven where the 4 cm. test length is brought to a temper-
ature of 380+2° C. A weight is then attached to the
bottom quartz rod to give a total weight suspended
from the sample sliver of about 4 g. The elongation
measurements vs. time are obtained, and the best aver-
age value for the slope of the creep curve in the interval
between 30 and 60 minutes is measured. The specific
melt viscosity is then calculated from the relationship.

WL1E
? = “3@dL7/dpAr

where

n=specific melt viscosity in shear, poises

w=tenstle load on sample, g.

Lr=length of sample (at 380° C.) cms. (length in-
creases about 8% at 380° C. over that at room
temperature).

g = gravitational constant, 980 cm./sec.2

(dL 7/dt)=rate of elongation of sample under load-
slope of elongation vs. time plot, cm./sec.

A r=cross-sectional area of sample (at 380° C.), cm.2
(area increases about 37% at 380° C. over that at
room temperature).

Average Dispersion Particle Size

The average size of particles in the dispersion is deter-
mined by a relationship based on light-scattering theory
from the percentage of incident light transmitted at 546
millimicron wavelength through a unit measure of a
dilute dispersion. Dispersion as received is filtered
through cheesecloth. Then 5 ml of the filtrate is diluted
to 500 ml in a volumetric flask. Some of the diluted
dispersion is used to fill a silica cell with a 1 cm path
length. For dispersions with particles sizes between 0.17
to .26,

0.2724 +

6 (37 )

average dispersion particle size = 065

where
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A = absorbance relative to water

SG =specific gravity of the dispersion as received

S =% solids of the dispersion as received

These particle size values are in the theory nearly
equal to the weight-average particle size as confirmed
by ultracentrifuge analysis, and are further in reasonable
agreement with those determined directly by examina-
tion of electron micrographs of the particles at 20,000
diameters magnification.

Average Coagulated Fine Powder Particle Size, dso

The average particle size of coagulated fine powder is
determined as follows: A weighed sample of polymer is
placed on the top screen of an assembly of screens
which is then tapped manually with a leather hammer.
The weight of sample retained on each screen is deter-
mined and the fraction of the original sample retained
on each screen is plotted vs. screen opening on a log
probability chart and a smooth curve is drawn between
the points. The dsg particle size is read at the 509 value
printed on the chart.

Comonomer Content in the Fine Powder Copolymers

The vinyl ether content of fine powder resins of the
present invention can be determined by infrared analy-
sis. A representative procedure is as follows: A 1.75 g.
sample of dry fine powder resin is leveled between
pieces of aluminum foil in a cylindrical mold, 2.86 cm.
inside diameter. A pressure of 703 kg./cm.? is applied
for one minute at ambient temperature. The pressed
crack-free sample, which is about 0.127 cm. thick, is
then analyzed by infrared spectroscopy. The sample is
scanned from 9.6 to 11.4 microns. When the vinyl ether
18 perfluoro(propyl vinyl ether), a straight base line is
drawn from the absorbance minimum at 9.9 microns to
that at 11.25 microns. Then the ratio of (1) the absor-
bance from the base line to the minimum at 10.1 microns
to (2) the absorbance from the base line to the absor-
bance at 10.7 microns is obtained, and the actual weight
percent perfluoro(propyl vinyl ether) is determined by
the product of the ratio of absorbances and the factor,
0.14. This factor can be used for absorbance ratios up to
at least 1.0. An analogous procedure may be used for
other vinyl ethers, or an estimate can be made based on
reactivity. The hexafluoropropylene content is found
from the product of 0.3 and the ratio of absorbances in
the infrared of a cold-pressed sample of the resin 0.05
cm. thick, at 10.18 microns to the infrared absorbance of
the sample at 10.7 microns. An analogous procedure is
used for other fluoroolefins.

For chlorotrifluoroethylene comonomer the absor-
bance at 10.48 and 10.70pu is measured and the weight
percent chlorotrifluoroethylene is determined by the
produect of the ratio of absorbances and the factor
0.052.

Extrusion Performance

The performance of a resin of this invention is evalu-
ated by end use testing using a tetrafluoroethylene paste
extruder, either a Davis Electric Co. extruder or a Jen-
nings extruder. The resin sample is rolled with a hydro-
carbon lubricant (viz, “Isopar” H which is an isopara-
finic hydrocarbon boiling between 350° and 375° F.) at
the desired lubricant level for 30 minutes, and then
stored at 25° C. for at least 4 hours. The mixture is then
performed in a cylinder around a rod of the same diame-
ter as the wire guide so that the preform will conve-
niently fit over the wire guide in the extruder barrel.
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The Davis extruder was fitted with barrels of 50.8 mm.
and 68.5 mm., a die of 1.40 mm. diameter and 16.0 mm.
land length, with a cone angle of 30° and 9.5 mm. and
15.9 mm. mandrels, respectively. The wire used was
19/34 silver-coated, stranded copper having an overall
diameter of 0.79 mm. The reduction ratio for the two
barrels is 1930:1 and 2840:1, respectively.

The wire guide has an internal diameter of 0.89 mm.
and an external diameter of 1.24 mm. The guide tip
clearance is 2.03 mm. The die temperature is maintained
at 50° C. and the wire speed is 23 meters per minute.
Linear ram speeds used during extrusion for the Davis
extruder were 1.7 cm./min. at 1930:1 ratio and 1.0
cm./min. at 2840:1 reduction ratio. The coated wire
passes through five ovens set at 232°, 260°, 454°, 427°
and 399° C,, respectively. The number of defects occur-
ing in the finished wire is determined by passing the
wire through a series of high voltage spark testers set
progressively at voltages of 2, 5, and 8 KV. These tes-
ters use alternating current with a 3000 Hz sine wave.

The Jennings extruder has a 7.62 cm. barrel and a 22.2
mm. mandrel is used with the samme cone and die setup
for extrusion on AWG 22 wire at a 3990:1 reduction
ratio. Linear ram speed was 0.42 cm/min. at 3990 reduc-
tion ratio. Wire speed was 15 meters/min. All other
values and conditions are the same as for the Davis
extruder for extrusion on AWG 22 wire at a 3990:1
reduction ratio.

The results for each resin of the Examples are shown
in Table II where the number of flows in 100 meters of
extruded sintered resin on wire is shown for voltages of
2, 3 and/or 8 KV. The column “lube (weight percent)””
in Table II indicates the amount of hydrocarbon lubri-
cant based on the total weight of lubricant and resin
prior to extrusion. “Press (kg/cm?)” records the extru-
sion pressure employed and “Length (meters)” indi-
cates the total length of wire that was examined for
flaws.

The following Examples illustrate the invention
while the Comparisons compare the resins of the inven-
tion with resins of the art.

EXAMPLE |

The following polymerizaton reaction was con-
ducted: A horizontally disposed, water/steam jacketed,
cylindrical stainless-steel autoclave located in a barri-
cade and having a capacity of 36,240 cc. and a length-
to-diameter ratio of about 1.5 to 1, and provided with a
4-bladed cage-type agitator rotated at 46 r.p.m. and
running the length of the autoclave, was evacuated and
then charged with 855 grams of paraffin wax, 21.8 kg. of
dimineralized water, and 2.0 grams of ammonium per-
fluorocaprylate (C-8 APFC) dispersing agent. The au-
toclave was then heated to 65° C., evacuated, and
purged with tetrafluoroethylene, after which 0.77 g.
ammonium persulfate initiator (APS) dissolved in water
was added. Then 18 ml. of perfluoropropyl vinyl ether
(PPYVE) was added, and the autoclave was pressured
over a period of about 2 minutes to 29.2 kg./cm.? abso-
lute with tetrafluoroethylene (TFE). Stirring rate and
temperature were maintained until polymerization
started as evidenced by 0.7 kg./cm.2 drop in pressure.
The temperature was immediately raised to 70° C.
where it was maintained throughout the polymeriza-
tion. Additional TFE was then added to maintain the
reaction pressure at 29.2 kg./cm.2 until a dispersion of
approximately 35 percent solids content (total polymer
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plus aqueous medium basis) was obtained. After about
1140 grams of TFE had been fed following start of the
reaction (4.4 percent solids formed), 860 ml. of 3.1 per-
cent by weight, aqueous solution of C-8 APFC was
injected into the autoclave to stabilize the dispersion.
After 7,720 (W) gms. of the TFE had been fed fol-
lowing start of the reaction, the TFE feed to the auto-
clave was terminated and the agitator stopped. Approx-

imately five minutes after discontinuing the TFE feed,

the gaseous monomers were slowly vented (taking ap-
proximately ten minutes) from the autoclave until the
autoclave pressure reached automospheric pressure.
Then the agitator was again turned on, the autoclave
pressured with TFE, and the reaction started a second
time. Then 2,270 (W3;) grams of additional TFE was
fed, the monomer fed to the autoclave was then termi-
nated, and the pressure was allowed to decrease to 12.3
kg./cm.? before agitation was stopped and the vapor
space of the reactor was vented. The polymerization
time from the first start-up to the second time the agita-
tor was turned off was 91 minutes. The reaction rate
(space time yield) was 391 g/l-hr. The resulting disper-
sion was discharged and cooled, after which the super-
natant solid paraffin wax was removed, and the disper-
sion was diluted, brought to a pH of 8 to 9 by addition
of ammonium hydrozxide, and coagulated by the proce-
dure of Example 2 of U.S. Pat. No. 2,593,583 to Lontz.
In this coagulation procedure, the aqueous dispersion is
charged to a coagulation kettle and diluted to about
15% polymer solids. Agitation was then commenced at
18 joules/sec.-l. of dispersion at a temperature of 72° F.
After a jelly-like mass of coagulum was obtained, stir-
ring was continued for seven minutes. The coagulated
fine powder was separated and dried for 16 hours at
150° C. This coagulation and drying procedure is gener-
ally used for all the resins described in the Examples.

The dispersed resin of this example had an average
particle diameter of 0.18 micron. The coagulated resin
had 16% by weight of its particles larger than 500u,
50% larger than 355u and 829% larger than 250u. The
coagulated particles had an SSG of 2.165, and a specific
melt viscosity of 0.5 1010 poises at 380° C. Infrared
analysis showed the presence of 0.06 weight percent
PPVE in the resin. Polymerization conditions and prop-
erties of the resin obtained are summarized in Table 1.

Extrusion performance on AWG 22 wire was excel-
lent. With a 5.08 cm. barrel and 1.40 mm. die (1930:1
RR) (18% percent Isopar H), the flaw count per 100
meters was zero flaws at a voltage of 2 KV, less than |
flaw at 5 KV, and less than 4 8 KV. With a 6.35 cm.
diameter barrel and 1.40 mm. die (2840:1 RR), (194, 19,
184 percent Isopar H), the flaw count per 100 meters
was zero flaws at a voltage of 2 KV, less than 1 flaw at
a voltage of 5 KV and less than 11 flaws at a voltage of
8 KV.

The extrusion conditions and flaw count data are
summarized in Table II.

EXAMPLE 2

The polymerization procedure of Example 1 was
followed except for those changes noted in Table 1. The
most significant change was the initial addition of co-
monomer after 1360 grams of TFE had polymerized.
The properties of the resin obtained are listed in Table
I. As with the resin of Example 1, the extrusion perfor-
mance on AWG 22 wire using a 5.08 cm. barrel (1930:1
RR) was excellent, as seen in Table II by the few flaws
occuring. From this experiment, it may be concluded
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that the good results with respect to flaws are not de-
pendent upon the presence of comonomer during the
nucleation step of the polymerization (approximately
the first 5% by weight of conversion) nor upon the
necessity of having comonomer present within a small
core (< 12 weight percent) of the resin particle.

EXAMPLES 3 and 4

Instead of venting the PPVE-TFE gas phase to atmo-
spheric pressure (1.0 kg./cm.2 absolute) as was done in
Examples 1 and 2, the gases were vented to 1.8
kg./cm. < absolute (Example 3) and 2.8 kg./cm.2 abso-
lute (Example 4). Otherwise, the steps of Example 1
were followed, but using the amounts, times and pres-
sures shown in Table 1. The quantity of comonomer
remaining in the autoclave after the intermediate vent
and repressure is of course increased over that in Exam-
pie 1 by a factor of 1.8 (Example 3) and 2.8 (Example 4).
Comparing Examples 1, 3 and 4, it is seen from Table 11
that as the amount of comonomer units present in the
outer stage increases, more flaws are observed in the
wire coated product, but the product of Example 4 still
produces a product with few flaws.

EXAMPLES 5-7

In these Examples, the general procedure of Example
1 was employed, using the conditions and amounts
shown in Table I. The results, as seen in Table II, show
that few flaws are obtained while varying the volume of
the mnner portion relative to the volume of the particle.
The size of the inner portion, denoted in Table I by
W1/W1 4+ W, ranges from about 82% of the particle in
Example 5 to about 9% in Example 7.

EXAMPLE 8

In this Example, the general procedure of Example 1
was employed, using the conditions and amount shown
in Tabie 1. More PPVE per part of TFE was used than
in any previous Examples, as seen by the greater
amount of comonomer present in the particles prepared
{0.15%). This increased amount had no adverse effect in
view of the few number of flaws observed on sintered
coated wire as seen from Table II.

EXAMPLES 9-12

Following the procedure of Example 1 and using the
conditions, times, and amounts shown in Table I, resins
having few flaws when extruded and sintered onto wire
were obtained as seen in Table II when: hexafluoropro-
pylene, HFP, was used as the comonomer in place of
PPVE (Example 9); a different initiator, disuccinic per-
oxide, DSP, was used (Example 10); chlorotrifluoroeth-
ylene, CTFE, was used as the comonomer in place of
PPVE (Example 11); and perfluoro methyl vinyl ether,
PMVE, was used as the comonomer in place of PPVE
(Example 12).

COMPARISON A

The polymerization procedure of Example 1 was
generally used except that no vent-repressure step was
carried out. 11,800 grams of TFE was fed following
start of the polymerization into the autoclave which
contained 20.9 kg. of demineralized water, using a pres-
sure of 27 kg/cm?. Then the monomer feed to the auto-
clave was terminated, and the pressure was allowed to
decrease to 12 kg./cm.? before agitation was stopped
and the vapor space of the reactor was vented. The
polymerization time from start of the reaction to the
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time when the agitator was turned off was 101 minutes.
The reaction rate (space time yield) was 400 g./l-hr.
The dispersed resin had an average particle diameter of
0.18 micron. The coagulated resin had an SSG of 2.164,
and a specific melt viscosity of 0.6 X 1019 poises at 380°
C. Infrared analysis showed the presence of 0.10 weight
percent PPVE in the resin. Polymerization conditions
and properties of the resin obtained are summarized in
Table 1.

The fine powder resin obtained produced a continu-
ous bending extrudate, requiring a steady state extrusion
pressure of 270 kg./cm.2. However, as seen in Table II,
extrusion on AWG 22 wire using a 5.08 cm. barrel
(1930:1 RR) was unsuccessful. With lubricant levels of
18 and 184 percent Isopar H, the flaws at a voltage of 2
KV were continuous. Comparing Example 1 with this
Comparison A, it is seen that an improved PPVE modi-
fied fine powder is obtained through venting the TFE
and PPVE monomers, and repressuring and continuing
the polymerization with TFE feed as described in Ex-
ample 1.

COMPARISON B

The polymerization procedure generally used in Ex-
ample 2 was followed except the TFE and PPVE were
not vented until completion of the polymerization. Con-
ditions, times, amounts and resin properties are shown
in Table I. When compared with the resin of Example 2,
the resin of this Comparison B has poor extrusion prop-
erties, as witnessed by the high number of flaws shown
in Table II.

COMPARISONS Cand D

In these comparisons, no comonomer was used. Thus
the polymer resins prepared were polytetrafluoroethyl-
ene homopolymer resins. In Comparison C, the general
procedure of Example 1 was followed, but after vent-
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ing, more tetrafluoroethylene monomer was pressured
into the autoclave which originally did not contain any
comonomer.In Comparison D, the general procedure of
Comparison A was followed and no vent-repressure
step was carried out. The conditions, times and amounts
employed are shown in Table I. The poor flaw count
results in Table II measured at 8 KV show that the
vent-repressure step has no advantageous effect on the
resins consisting solely of homopolymer.

COMPARISONE, Fand G

These comparisons show that using the comonomers
without a vent-repressure step, i.e., by using the general
procedure of Comparison A, and using the conditions,
times and amounts shown in Table I, resins having a
high number of flaws when extruded and sintered on
wire are obtained (see Table II). These results are to be
compared with the results of the Examples as follows:
For HFP comonomer, Example 9 is compared with
Comparison E; for CTEF comonomer, Example 11 is
compared with Comparison F; and for PMVE comono-
mer, Example 12 is compared with Comparison G.

COMPARISON H

The general procedure of Comparison A was em-
ployed, using the conditions, times and amounts set
forth in Table 1. The conditions for this experiment
were those chosen by selecting a set of conditions from
within the scope of U.S. Pat. No. 3,142,665 which pro-
duces a particularly high quality product from among
those disclosed in said U.S. Pat. No. 3,142,665 for extru-
ston onto wire at high reduction ratios. As seen from
Table II, more flaws were found in the sintered coating
of a wire of the resin produced in this Comparison H
than were found in sintered coatings on wire of resins of
this invention, e.g., the resins of Examples 9 or 1.

TABLE 1
Polymenization Conditions and Resin Properties
Rxn. Rxn.
Example  Initiator Comonomer Temp  Pressure Wi W3y  Time Rate
No. (8) (ml) (*C) (kg/em?) (g) (g) (min)  (g/1-hr)
1 0.33 APS {8 PPVE 70 29 7,720 2,270 91 391
2 0.55 APS I8 PPVE! 70 29 8,630 2,720 108 310
3 0.77 APS I8 PPVE 70 22-272 7,710 3,180 92 320
4 0.77 APS 18 PPVE 70 22-274 7,710 3,180 86 350
5 0.77 APS 18 PPVE 70 29 8,170 1,815 97 400
6 0.55 APS 18 PPVE 70 29 3,630 7,720 T3 §20
7 0.33 APS 40 PPVE 70 29 910 9,080 108 250
8 0.33 APS 40 PPVE 70 12-27¢ 1710 3,180 122 250
9 0.55 APS 30 HFPi 70 29 8,630 2,720 102 370
10 $2.5 DSP3 ¢ 12 PPVE 100 22-292 7,710 3,180 191 160
it 1.76 APS  10.2 CTFE? 60 26 7,710 3,180 71 420
12 1.76 APS 4.8 PMVES® 50 26 7,710 3,180 309 100
Comparison | .
A 0.33 APS 18 PPVE 70 27 11,800 — 101 400
B 0.5 APS 18 PPVE! 70 29 11,350 — 85 440
C 0.77 APS — 70 22-272 1,710 3,180 S8 340
D 0.77 APS — 70 22-27¢ 9260 — 4 550
E 0.55 APS 30 HFP! 70 29 9,580 — 70 400
F 1.76 APS  14.4 CTFES 60 26 0,900 — 40 750
G 1.76 APS 7.2 PMVE? 60 26 10,900 — 236 130
H 10.5 DSP* 25 HFP 90 29 9700 — 119 260
Average
Steady
Average State
Dispersion Comono- Extrusion
Examp Size Std Specific MV mer Pressure’ W
No. (1) Sp Gr  (poise X 10~ (wi %) (kg/cm?) = W + W3

1 0.18 2.185 0.5 0.06 770 0.77

2 0.22 2.168 1.3 0.05 680 0.76

3 0.24 2.172 0.7 0.06 500 0.71
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TABLE I-continued
Polymerization Conditions and Resin Properties
4 0.23 2.167 0.9 0.06 460 0.71
S 0.20 2.157 0.6 0.08 670 .82
6 0.20 . 2.166 1.8 0.02 620 0.32
7 0.19 2.152 2.5 0.03 620 0.09
8 0.17 2.156 2.5 O.15 B0 .71
0 0.23 2.178 2.2 2.13 550 0.76
1 Q.18 1.243 1.0 0.06 750 0.71
11 0.26 2.227 4.1 0.04 450 0.71
12 O.18 2.217 59 0.01-0.03 800 0.71
Comparison
A 0.18 2.164 0.6 0.10 270 1.0
B 0.21 2.167 1.0 0.04 500 1.0
C 0.27 2.225 11.5 —_ 520 0.71
D 0.26 2.216 8.4 —— 530 1.0
E 0.23 2.175 2.3 0.15 640 .0
F 0.23 2.254 1.5 0.06 440 1.0
G 0.22 2.225 3.7 0.01-0.03 430 1.0
H 0.17 2.199 2.4 .11 S80 1.0
{Comonomer charged afier [360 § TFE reacted.
*Pressure mainained at 22 kg/cm* untit 680 g TFE reacted. |
SAfter APFC pumped, 500 m! DSP solution (35 g/1) pumped at 25 mi/min.
“0.044 g reduced iron and 0.044 g powdered copper added to charge.
30.6 m! CTFE (—40° C.) charged after each 450 g TFE reacted prior to vent.
%0.3 m! PMVE (—40" C.) charged after each 450 g TFE reacted prior to vent.
7U.S. Pat. No. 3,819,594 - Column S, lines 35-67.
TABLE 11
Extrusion Performance
AWGE 22 Wire, 1.40 mm Die
Davis Extruder Davis Extruder
5.08 cm Barrel 6.35 cm Barrel
1930:1 RR 2840:1 RR
Example Lube 2KV SKV 8KV Press. Length Lube 2KV 5KV 8KV  Press. Length
No. (Wt %)  (Flaws/100M) (kg/cm?) (meters) (wt %) (Flaws/100M) (kg/cm?) (meters)
I I8} 1 3 11 300 194 0 1 4 1110 240
184 0 0 3 1000 300 19 0 1 11 1110 250
18 ] 1 3 260 183 0 ] B 1130 110
p 184 0 1 8 850 270
184 ] i 7 B8O 280
18 2 2 10 920 240
3 184 i 1 9 670 200
184 | 1 9 660 230
18 I 2 8 680 210
4 184 2 2 16 630 260 184 2 2 15 810 300
184 1 ] 20 620 240 18 1 ! 7 880 300
18 2 3 21 650 240 17§ 0 G B 040 160
5 194 0 3 C 1000 180
19 2 5 C 1050 240
18% I 3 13 1130 230
6 18} 0 118 740 280 19§ i 2 11 950 400
18} ] 1 6 770 310 19 980
18 0 i 6 800 250 18% 3 5 C 1060 290
7 184 ! 2 9 290 194 5 8 C 1000 220
184 I 2 12 820 320 19 2 5 C 1020 230
18 3 4 14 250 181 1 4 C 1040 85
g 184 0 0 3 1030 240°
184 0 1 3 1100 320
9 184 0 ] h 670 270
184 1 1 2 690 280
!B 1 i 3 740 250
10 184 0 1 7 1000 240
184 0 i 8 1080 300
I8 G 0 é 1100 220
11 174 1 4 C 650 250
17 0 1 C 700 140
12 184 2 3 C 1040 240
184 0 0 14 1070 290
18 0 0 14 1110 220
COMPAR-
ISON
A 184 c* 360 130
184
18 C 630
B 184 C 360 260
184 C 600 270
18 C 630
C 184 ] 2 C 680 280
81 2 4 C 710 310
18 ] p, C 750 220
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TABLE Il-continued
Extrusion Performance
JAWG 22 Wire, 1,40 mm Die
Davis Extruder Dawvis Extruder
5.08 cm Barrel 6.35 cm Barrel
1930:1 RR 2840:1 RR
Example Lube 2KV 5KV 8KV  Press. Length Lube 2KV S5SKV BKV  Press. Length

No. (wt %)  (Flaws/100M)  (kg/cm?) (meters) (wt %)  (Flaws/100M) (kg/cm?) (meters)
D 134 0 ] C 740 280

184 | 1 C 780 300

i8 1 i C 310 220
E 184 14 14 C 700 300

18% 12 13 C 740 310

18 C C C 770 260

17} C 630 260

17 C 670 240
G 184

184 C 660 3i0

18 C 660 240
H 184 2 5 C 700 280 19% C 350 360

184 ] | C 700 300 19 C 520 400

i8 i | C 770 260 8% C 950 290

w

*Greater than |5 flaws/100m.

23

The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as
follows:

[1. An aqueous polymer dispersion comprising a 3,
dispersion of non-melt-fabricable tetrafluoroethylene
polymer particles in water at a solids content of be-
tween about 10 and about 65 weight percent; said parti-
cles having an average size of between about 0.1 and
0.5u; said particles having at least two portions, an ;s
outer portion and an adjacent inner portion, each por-
tion consisting essentially of a copolymer of units of
tetrafluoroethylene and at least one comonomer having
the formula

R F (8)

45
wherein

R; independently if F or H;

R independently is F or CI;

R3 can be Cl, —Rr, —ORg, —R'fH, —OR'fsH,
—R‘'r(Cl, —OR'C], or 50

—OCF3;CFO(CF2);S04F,

|
CF;

535
Wherein Rp is linear perfluoroalkyl of 1-5 carbon

atoms, and R'ris linear perfluoroalkylene (perfluo-
rinated alkane diradical) of 1-5 carbon atoms in
which the designated substituent is an omega sub-

stituent; and when R is F, Rjand Rjtaken together &

can be

0/ \O
\ / 65
CFy—CF(CF3);

or the formula

R (b)
C=CH>
Rs

wherein |

Rsand Rg are independently —CF3 or —CCIF>; said
inner copolymer portion containing a higher per-
centage of said comonomer than the outer copoly-
mer portion; the total comonomer content present
in the particle, the amount of comonomer present
in the copolymer of each portion, and the amount
of each portion within such particles being suffi-
cient to produce on AWG 22 wire a sintered coat-
ing having no more than 5 flaws per 100 meters of
coated wire when said particles are paste extruded
at a reduction ratio of 2840:1, the flaws being de-
tected by subjecting the sintered coated wire to a
high voltage spark tester at 2 KV and 3000 Hz: the
copolymers of the inner portion and the outer por-
tion combined containing an amount of comono-
mer which is low enough to maintain the non-melt-
fabricable nature of the polymer particles.]

£2. The aqueous polymer dispersion of claim 1
wherein the comonomer is F;C=CFCF3.]}

[3. The aqueous polymer dispersion of claim 1
wherein the comonomer is F;C=CFORg.]

[4. The aqueous polymer dispersion of claim 1
wherein thee comonomer is FoC=CFCl.]

[5. The aqueous polymer dispersion of claim 2
wherein the copolymers of the inner portion and the
outer portion combined contain between about 0.005
and about 2.0 weight percent comonomer units based
on total weight of said particles.}

[6. The aqueous polymer dispersion of claim 1
wherein the tetrafluoroethylene in polymerized form in
the inner portion comprises between about 25% and
83% by weight of the total tetrafluoroethylene poly-
merized in the inner and the outer portions. ]

[7. The aqueous polymer dispersion of claim 1
wherein said particles contain a core of polytetrafluoro-
ethylene of up to 15% by weight based on the weight of
the particle.}

[8 The aqueous polymer dispersion of claim 7

whereimn the comonomer is F:C—=CFCF3.}
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[9. The aqueous polymer dispersion of claim 8
wherein the comonomer is F:C—=CFORFE.}

[10. The aqueous polymer dispersion of claim 8
wherein the comonomer is F2C—=CFC(Cl.]}

11. An agglomerated fine powder resin whose ag-
glomerated particles have an average size of between
about 3501 and 800w and are composed of primary
particles [defined as provided in the definition of the
particles in claim 1] having an average size of between 10
about 0.1 and 0.5y, said particles having at least two por-
tions, an outer portion and an adjacent inner portion, each
portion consisting essentially of a copelymer of units of
tetrafluoroethylene and at least one comonomer having the

Jormula 13

/ N\ 20

wherein

R\ independently is F;

R; independently is F: 25

R3 is Cl said inner copolymer portion containing a

higher percentage of said comonomer than the outer
copolymer portion; the total comonomer content pres-
ent in the particle, the amount of comonomer present
in the copolymer of each portion, and the amount of
each portion within such particles being sufficient to
produce on AWG 22 wire a sintered coating having no
more than 5 flaws per 100 meters of coated wire when
said particles are paste extruded at a reduction ratio 3%
of 2840:1, the flaws being detected by subjecting the
sintered coated wire to a high voltage spark tester at 2
KV and 300 Hz; the copolymers of the inner portion
and the outer portion combined containing an amount
of comonomer which is low enough to maintain the
non-melt-fabricable nature of the polymer particles.

[12. An agglomerated tetrafluoroethylene fine pow-
der resin whose aggiomerated particles have an average
size of between about 350u and 800u and are composed 45
of primary particles of claim 2.

[13. An agglomerated tetrafluoroethylene fine pow-
der resin whose agglomerated particles have an average
size of between about 350u and 800u and are composed
of primary particles defined as provided in the difinition
of the particles in claim 3.7}

[14. An agglomerated tetrafluoroethylene fine pow-
der resin whose aggiomerated particles have an average
size of between about 350y and 800u and are composed s
of primary particles defined as provided in the defini-
tion of the particles of claim 4.7

[15. An agglomerated tetrafluoroethylene fine pow-
der resin whose agglomerated particles have an average
size of between about 350y and 800w and are composed %0
of primary particles defined as provided in the defini-
tion of the particles in claim 5.7

[16. A process for preparing an aqueous dispersion
of tetrafluoroethylene polymer particles which com- (4
prises

1. subjecting tetrafluoroethylene and at least one

comonomer of the formula

30

30

22
Ri F (a)
\ /7
C=C
V4 N\
Rj R

wherein
R independently is F or H;
R: independently is F or Cl;
R3 can be (l, —Rf, —ORgF, —R'FH, —OR'FH,
—R'Cl, —OR'fCl, or

—'DCFz-(l.TFO(CFz}zSOQF.
CF,

wherein Rr is linear perfluoroalkyl of 1-5 carbon
atoms, and R'Fis linear perfluorcalkylene (perfluo-
rinated alkane diradical) of 1-5 carbon atoms in
which the designated substituent is an omega sub-
stituent; and

when Rz is F, R; and R; taken together can be

/ N
O O

N\ /
CFy=—CF(CF3);

or the formula

Rs (b)

wherein Rs and Rg independently are —CF3 or
—CCLF3;

wherein the mole ratio of the amount of the comono-
mer to the tetrafluoroethylene is between about
0.0005 and about 0.05, to polymerizing conditions
to temperature and pressure in an aqueous medium
having dissolved therein 2 free-radical initiator and
a dispersing agent and at an agitation level of from
between about 2 to 12 joules/sec.-l.until the poly-
mer solids content is between about 20 and 50% of
the weight of the resulting dispersion;

2. subjecting the aqueous dispersion obtained in step
(1) to tetrafluoroethylene and said comonomer in a
moie ratio of comonomer to tetrafluoroethylene of
between about 0.0001 and 0.005, provided said
ratio 1s less than that in step (1) under polymerizing
conditions of temperature and pressure and at an
agitation level of from between about 2 to 12 jou-
les/sec.-1. until the solids content is between about
35 and 65% of the weight of the resulting disper-
sion and is at least about 159 greater than the
solids content of the dispersion obtained in step
(1).3

[17. The process of claim 16 wherein the comono-

mer 18 F2C—=CFCF3.]

[18. The process of claim 16 wherein the comono-

mer is FoC=CFORg.}

[£19. The process of claim 16 wherein the comono-

mer is FoC=CFCl.]

£ 20. The process of claim 16 wherein step (1) is car-

ried out in the presence of particles of between 0.03 and
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0.12 of polytetrafluoroethylene in said aqueous me-
dium. }

[21. The process of claim 16 wherein in step (2) the
mole ratio of comonomer is tetrafluoroethylene is be-
tween about 0.0002 and 0.005.]

22. An agueous dispersion of a tetrafluoroethylene poly-
mer comprising colloidal particles containing at least 98%
by weight of polymerised tetrafluoroethylene and polymer-
ised therewith at least one copolymerisable monomer se-
lected from perfluoroalkyl trifluoroethylenes and per-

Sluoroalkoxy trifluoroethylenes each having from 3 to 7

carbon atoms, said particles having inner core and outer
shell portions in which the weight concentration of copo-
lymerised monomer present in the outer shell portion (rela-
tive to the weight concentration of tetrafluoroethylene with
which it is polymerised) is less than half that of the inner
core portion.

23. An aqueous dispersion according to claim 22 in
which the polymer forming the shell consists of at least
99.995% polytetrafluoroethylene.

24. An aqueous dispersion according to claim 22 in
which the copolymerised monomer is hexafluoropropylene.

25. A process for the preparation of an agueous disper-
sion of a retrafluoroethylene polymer comprising tetraflu-
oroethylene and a copolymerisable comonomer selected
from perfluoroalky! trifluoroethylenes and perfluorcalkoxy

10

135
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trifluoroethylenes having from 3 to 7 carbon atoms, which
process comprises.

a. subjecting a mixture of tetrafluoroerhylene and como-
nomer to polymerisation in the presence of an aqueous
phase 1o produce an aqueous dispersion of a copolymer
wherern said copolymer contains at least 98% of tetra-
fluoroethylene units

b. reducing the concentration of comonomer in the reac-
tants and continuing the polymerisation to produce a
final aqueous dispersion wherein the particles of the
final dispersion comprise an inner core portion pro-
duced in (@) and an outer shell portion produced in
(b), the concentration of comonomer in said shell
portion is less than one half the concentration of the
comonomer in said core portion.

20. A method according to claim 25 in which the amount
of comonomer is used in step (a) is between 27 parts per
million and 10830 parts per million expressed relative to
the weight of the aqueous phase.

27. A method according to claim 26, in which the como-
nomer is hexafluoropropylene and the amount of comono-
mer used in step (a) is between 27 parts per million and
10830 parts per miliion.

28. A method according to claim 25, in which the mole
ratio of comonomer to tetrafluoroethylene used in step (a)
is In the range 0.0005 to 0.05.

* » » » »
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