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(57) ABSTRACT 
PTFE pellets With good bulk density, homogeneity, and 
?oWability properties may be obtained by: 

(1) Wetting a PTFE poWder With a solvent, to obtain a Wetted 
PTFE poWder; 

(2) forming the Wetted PTFE poWder into agglomerated 
pellets of PTFE; and 

(3) drying the agglomerated pellets of PTFE pellets, 

in Which the drying of the agglomerated pellets of PTFE is 
carried out in a ?uidized bed drier. The PTFE pellets so 
obtained may be used to prepare molded articles of PTFE. 
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METHODS FOR PREPARING AGGLOMERATED 
PELLETS OF POLYTETRAFLUOROETHYLENE 

AND MOLDED ARTICLES AND THE 
AGGLOMERATED PELLETS OF 

POLYTETRAFLUOROETHYLENE AND MOLDED 
ARTICLES PREPARED THEREBY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to methods for pre 
paring agglomerated pellets of polytetra?uoroethylene, 
including agglomerated pellets of polytetra?uorethylene 
Which contains one or more ?llers, and the agglomerated 
pellets of polytetra?uoroethylene so produced. The present 
invention also relates to methods for preparing molded 
articles of polytetra?uoroethylene, including molded articles 
of polytetra?uoroethylene Which contains one or more ?ll 
ers, and the molded articles prepared thereby. 

[0003] 2. Discussion of the Background 

[0004] Polytetra?uoroethylene (herein after referred to as 
“PTFE”) is a useful material for the formation of molded 
articles. In particular, PTFE Which may contain a ?ller such 
as bronZe or graphite, has found application in the automo 
tive and mechanical ?elds for the manufacture of piston 
rings and seals. 

[0005] HoWever, it is difficult to use ?nely poWdered 
PTFE in applications Which involve small or intricate molds. 
Speci?cally, the poor ?oW properties and loW density of 
?nely poWdered PTFE adversely affect its ability to com 
pletely ?ll small or intricate molds and to afford suitable 
molded articles. 

[0006] In response to the problems experienced With ?nely 
poWdered PTFE, pelletiZed PTFE has been developed. 
PTFE pellets, also referred to as agglomerated PTFE, exhib 
its much better How properties and a higher bulk density, as 
compared to ?nely poWdered PTFE, and can thus be suc 
cessfully used With small and intricate molds, such as molds 
for thin-Walled sleeves. 

[0007] Conventionally, PTFE has been pelletiZed or 
agglomerated by means of a process in Which PTFE poWder 
is treated With a solvent system, sometimes referred to as a 
Wetting agent, to effect agglomeration and then dried to 
afford dried pellets. For example, US. Pat. No. 5,182,119 
discloses an apparatus and method for the production of 
agglomerated pellets from PTFE resin poWder, and discloses 
the use of trichloroethylene, alkyl alcohols, and Water 
soluble alcohols plus Water as the Wetting agent. 

[0008] US. Pat. No. 6,203,733 discloses a process for 
producing granulated PTFE poWder by coagulating PTFE 
poWder With a liquid medium containing Water and a per 
?uoroalkyl alkyl ether. The PTFE primary poWder is mixed 
With the liquid medium and stirred at a certain intensity to 
obtain the desired degree of coagulation and granulation. 

[0009] US. Pat. Nos. 4,370,436 and 5,321,059 disclose a 
process for preparing a ?lled agglomerated PTFE molding 
poWder by agitating ?nely-divided PTFE particles and a 
surface-treated ?ller in an aqueous medium, Which includes 
a Water-immiscible organic liquid. 

[0010] US. Pat. No. 6,197,862 discloses a process for 
preparing a ?lled PTFE granular poWder by stirring PTFE 
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poWder, a ?ller, and Water in the presence of an organic 
liquid and a non-ionic solvent. 

[0011] US. Pat. No. 6,281,281 discloses a process for 
preparing a granulated poWder of ?lled PTFE by Wetting 
100 parts by Weight of a mixture of PTFE poWder and ?ller 
With 30 to 60 parts by Weight of an aqueous solution 
containing an anionic surfactant in a speci?ed concentration. 

[0012] US. Pat. No. 6,350,801 discloses the preparation 
of a ?lled granular PTFE poWder by forming an aqueous 
slurry of PTFE poWder and a ?ller by using an organic liquid 
Which forms a liquid-liquid interface With Water and a 
nonionic surfactant and the granulating in combination of 
stirring and de-agglomeration. 

[0013] US. Pat. No. 3,597,405 describes a method of 
agglomeration in Which the polymer poWder is Wetted With 
a minor amount of a liquid having a loW surface tension and 
the Wetted poWder is formed into agglomerates by, for 
example, a tumbling operation. After formation of the 
agglomerates, the liquid is removed by heating. 

[0014] US. Pat. No. 3,682,859 discloses a similar process 
in Which the tetra?uororoethylene polymer is Wetted With an 
organic liquid. US. Pat. No. 3,882,217 describes an agglom 
eration process in Which the tetra?uoroethylene polymer 
product is Wetted With a small amount of a solution of a 
volatile non-ionic surfactant in Water prior to agglomeration. 
US. Pat. No. 3,983,200 discloses a process in Which tet 
ra?uoroethylene polymer is ?rst Wetted With an aqueous 
solution containing a protective colloid. 

[0015] In the past, particularly good results have been 
achieved by agglomerating PTFE poWders and a ?ller in the 
presence of a mixture of Water and ethanol. HoWever, recent 
environmental concerns and the desire to reduce emissions 
of volatile solvents, such as ethanol, have prompted the 
search for suitable non-volatile solvent replacements for 
ethanol. In this regard, mixtures of Water and dipropylene 
glycol n-butyl ether (“DPnB”) have been used as the solvent 
system or Wetting agent for the agglomeration of PTFE. 
HoWever, it has been found that the PTFE pellets prepared 
With aqueous DPnB are inferior as compared to those 
prepared With aqueous ethanol. In particular, the molded 
articles prepared from pellets of ?lled PTFE prepared With 
a DPnB-Water mixture exhibit a high degree of inhomoge 
neity as compared to those prepared With aqueous ethanol. 
In addition, molded articles prepared from such PTFE 
pellets can exhibit spotting. 

[0016] The bulk density of the PTFE pellets is also impor 
tant When preparing molding articles such as thin-Walled 
sleeves. Such sleeves are typically manufactured by cutting 
a longer sleeve to the desired length on a lathe. When 
Working With a sleeve on a lathe, a ?xed length of Waste 
material is inevitably generated at each end of the longer 
sleeve When it is mounted on the lathe via the chucks. PTFE 
particles With a loW bulk density give a shorter starting 
sleeve and, thus, a high proportion of Waste When the 
starting piece is cut to siZe on the lathe. In contrast, PTFE 
particles With a high bulk density afford longer starting 
pieces and a smaller percentage of Waste upon subsequent 
cutting on a lathe. 

[0017] The ?oWability of the PTFE particles is another 
important consideration. PTFE particles With loW ?oWabil 
ity pose problems When manufacturing molded articles, 



US 2005/0194710 A1 

especially When using automated molded apparatus, such as 
failure to completely ?ll the mold. Incomplete ?lling of the 
mold can result in shorter products and the concomitant 
problems described above. PTFE pellets With good ?oWabil 
ity are characteriZed by a narroW, uniform siZe distribution, 
approximate spherical shape, high hardness, and a lack of 
stickiness. 

[0018] The absence of spotting in the PTFE pellets and the 
resulting molded articles is another important consideration. 
PTFE pellets and the molded articles Which exhibit spotting 
are less desirable at least for aesthetic reasons. In addition, 
such spotting reveals a degree of inhomogeneity Which may 
result in inferior physical and mechanical properties of the 
molded article, such as tensile strength, etc. 

[0019] Thus, there remains a need for a method of pre 
paring agglomerated pellets of PTFE Which affords pellets 
Which exhibit improved bulk density. There also remains a 
need for a method for preparing agglomerated pellets of 
PTFE Which exhibit improved ?oWability. There also 
remains a need for a method for preparing agglomerated 
pellets of PTFE Which exhibit a reduced spotting. There also 
remains a need for the pellets prepared by such a process. 
There also remains a need for a method for preparing 
molded articles from such agglomerated pellets of PTFE and 
the molded articles so produced. 

SUMMARY OF THE INVENTION 

[0020] Accordingly, it is one object of the present inven 
tion to provide novel methods for preparing agglomerated 
pellets of PTFE. 

[0021] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
exhibit improved bulk density. 

[0022] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
exhibit good homogeneity properties. 

[0023] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
exhibit reduced spotting. 

[0024] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords pellets exhibiting good ?oWability 
properties. 

[0025] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
have a narroW uniform siZe distribution. 

[0026] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
have an approximately spherical shape. 

[0027] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
have a high hardness. 
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[0028] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
exhibit a reduced stickiness. 

[0029] It is another object of the present invention to 
provide novel methods for preparing agglomerated pellets of 
PTFE Which affords agglomerated pellets of PTFE Which 
yield molded articles having good physical and mechanical 
properties. 

[0030] It is another object of the present invention to 
provide the agglomerated pellets of PTFEs prepared by such 
a process. 

[0031] It is another object of the present invention to 
provide novel methods for preparing molded articles from 
agglomerated pellets of PTFEs prepared by such a method. 

[0032] It is another object of the present invention to 
provide the molded article prepared by such a method. 

[0033] These and other objects, Which Will become appar 
ent during the folloWing detailed description, have been 
achieved by the present inventors’ discovery that agglom 
erated pellets of PTFE having good properties may be 
prepared by a method, said method comprising: 

[0034] (1) Wetting a PTFE poWder With a solvent , to 
obtain a Wetted PTFE poWder; 

[0035] (2) forming said Wetted PTFE poWder into PTFE 
pellets; and 

[0036] (3) drying said PTFE pellets, 

[0037] Wherein said drying of said PTFE pellets is carried 
out in a ?uidized bed drier. 

[0038] The inventors have also discovered that molded 
articles of PTFE having excellent properties may be pre 
pared by a method, said method comprising: 

[0039] (1) Wetting a PTFE poWder With a solvent, to 
obtain a Wetted PTFE poWder; 

[0040] (2) forming said Wetted PTFE poWder into PTFE 
pellets; 

[0041] (3) drying said PTFE pellets, to obtain dried PTFE 
pellets; and 

[0042] (4) molding said dried PTFE pellets, to obtain a 
molded article, 

[0043] Wherein said drying of said PTFE pellets is carried 
out in a ?uidized bed drier. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] Thus, in a ?rst embodiment, the present invention 
provides a method for preparing agglomerated pellets of 
PTFE, said method comprising: 

[0045] (1) Wetting a PTFE poWder With a solvent , to 
obtain a Wetted PTFE poWder; 

[0046] (2) forming said Wetted PTFE poWder into PTFE 
pellets; and 
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[0047] (3) drying said PTFE pellets, 

[0048] wherein said drying of said PTFE pellets is carried 
out in a ?uidized bed drier. 

[0049] The components and conditions used in the present 
method for preparing PTFE pellets Will be described in 
detail beloW. 

[0050] I. The PTFE PoWder: 

[0051] The PTFE poWder used as the starting material 
may be any conventional PTFE poWder. The PTFE poWder 
used in the present invention may be prepared by conven 
tional suspension polymeriZation, and is preferably is, for 
example, a poWder comprising a homopolymer of tetra?uo 
roethylene (TFE) or a copolymer of TFE and a monomer 
copolymeriZable With TFE (modi?ed PTFE or TFM). 
Examples of suitable homopolymers of TFE include 
FLUON commercially available from Asahi Glass Fluo 
ropolymers and TEFLON commercially available from E. I. 
DuPont DeNemours & Company, Inc. 

[0052] The molecular Weight of PTFE is typically mea 
sured and reported in terms of standard speci?c gravity 
(“SSG”) (see, e.g., U.S. Pat. Nos. 4,016,345; 4,576,869; and 
6,177,533, Which are incorporated herein by reference). The 
SSG may be measured by the method ofASTM D-4895. The 
starting PTFE used in the present method Will typically have 
a SSG of 2.10 to 2.30, preferably 2.13 to 2.24. 

[0053] Alternatively, it is possible to use as the starting 
PTFE poWder a PTFE Which has been irradiated to loWer its 
molecular Weight. Such irradiated PTFE typically exhibits 
an endotherm at a temperature of 320 to 350° C., preferably 
325 to 340° C., as measured by differential scanning calo 
rimetry (“DSC”). 

[0054] The average particle siZe of the PTFE poWder, after 
the pulveriZation, is typically not larger than 200 pm, 
preferably not larger than 50 pm, and the loWer limit thereof 
may be controlled by appropriate selection of the pulveriZ 
ing apparatus and pulveriZing technique. The poWder Will 
typically have a Water content of not more than 0.1% by 
Weight, preferably not more than 0.02% by Weight, based on 
the total Weight of the PTFE poWder, after the drying. 
Examples of pulveriZing apparatus for preparing the starting 
PTFE include for example, a hammer mill, a crusher 
equipped With a rotor having blades, a jet mill, and an impact 
mill. 

[0055] It is also possible to use a Water-containing PTFE 
poWder as the starting PTFE poWder in the present method. 
For example, PTFE poWders having an average particle siZe 
of 200 to 1,000 pm and a Water content of 5 to 30% by 
Weight, based on the total Weight of the PTFE poWder, 
Which may be prepared by pre-pulveriZing, e.g., by means of 
a pipe line homomixer, coarse PTFE particles having an 
average particle siZe of 2 to 3 mm, Which Were prepared by 
the same suspension polymeriZation technique as the above 
mentioned PTFE poWder and taken out of the polymeriZa 
tion system. The so-prepared Water-containing PTFE poW 
der may then be poured into a mill, Wet-pulveriZed, and 
classi?ed by screening, to obtain a poWder having an aver 
age particle siZe of 20 to 100 pm and a Water content of 5 
to 30% by Weight, based on the total Weight of the PTE 
poWder. When the thus obtained Water-containing poWder is 
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used, the drying step used for preparing the above-men 
tioned conventional PTFE poWder is omitted. 

[0056] As the monomer copolymeriZable With TFE, there 
are, for example, a per?uoro(vinyl ether) represented by the 
formula (I): 

cF2:cF_0Rf (I) 

[0057] Wherein Rf is a per?uoroalkyl group having 1 to 10 
carbon atoms, a per?uoro(alkoxyalkyl) group having 4 to 9 
carbon atoms, an organic group represented by the formula 
(II): 

C113 

[0058] in Which m is 0 or an integer of 1 to 4, or an organic 
group represented by the formula (III): 

c113 

[0059] 
[0060] The number of carbon atoms of the above-men 
tioned per?uoroalkyl group is from 1 to 10, preferably from 
1 to 5. When the number of carbon atoms is Within the this 
range, creep resistance excellent is improved. 

in Which n is an integer of 1 to 4, and the like. 

[0061] Preferred examples of the above-mentioned per 
?uoroalkyl group include, for example, per?uoromethyl, 
per?uoroethyl, per?uoropropyl, per?uorobutyl, per?uoro 
pentyl, per?uorohexyl and the like. From the vieWpoint of 
creep resistance and cost, per?uoropropyl is preferable. 

[0062] When the proportion of the monomer copolymer 
iZable With TFE is Within the range of 1.0 to 0.001 mole %, 
based on the total moles of monomer in the PTFE, excellent 
creep resistance excellent may be obtained. 

[0063] Particularly preferred copolymers are disclosed in 
US. Pat. Nos. 2,955,099; 2,946,763; 3,085,083; and 5,710, 
205, Which are incorporated herein in their entireties. 

[0064] The use of the above-mentioned PTFE poWder 
particles or Water-containing PTFE poWder particles having 
the average particle siZe in the above-mentioned range 
affords PTFE pellets, by the method further described beloW, 
Which have good poWder ?oWability and an excellent appar 
ent density, and in addition, the obtained molded articles 
obtained therefrom have good physical properties. 

[0065] II. The Filler 

[0066] In one preferred embodiment, the PTFE pellets 
prepared by the present method contain one or more ?llers. 
Non-limiting examples of such ?llers include, e.g., one or 
more metal ?bers or metal poWders such as bronZe poWder, 
bronZe ?ake, gold poWder, silver poWder, copper poWder, 
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stainless steel powder, stainless steel ?ber, stainless steel 
?ake, nickel powder, and nickel ?ber; inorganic ?bers or 
inorganic poWders such as glass ?ber, graphite poWder, glass 
beads, molybdenum disul?de poWder, ?uorinated mica poW 
der, coke poWder, carbon ?ber, boron nitride poWder, barium 
sulfate, carbon black (including conductive carbon black), 
and minerals and ceramics such as TiO2, A1203, and SiO2; 
organic poWders such as heat-resistant aromatic resin poW 
der, e.g. polyoxybenZoyl polyester, polyimide poWder, tet 
ra?uoroethylene-per?uoro(alkyl vinyl ether) copolymer 
(PFA) poWder, polyphenylene sul?de (PPS) poWder, poly 
ether ether ketone (PEEK) poWders, and pigments; and the 
like. 

[0067] In the case Where tWo or more ?llers are used, 
preferable combinations include, for example: (1) glass ?ber 
and graphite poWder, (2) glass ?ber and molybdenum dis 
ul?de poWder, (3) bronZe poWder and molybdenum disul?de 
poWder, (4) bronZe poWder and carbon ?ber, (5) graphite 
poWder and coke poWder, (6) graphite poWder and heat 
resistive aromatic resin poWder, (7) carbon ?ber and heat 
resistant aromatic resin poWder, and the like. 

[0068] A particularly preferred set of ?llers are those 
combinations of poly(arylene sul?des) (“PS”) and high 
aromatic polymers (“HAP” described in US. Pat. No. 
5,710,205, Which is incorporated herein by reference in its 
entirety. 

[0069] The ?ller Will typically have an average particle 
siZe (D50) of from 1 pm to 1,000 pm, preferably 10 pm to 50 
pm in the case of a poWder. In the case of ?bers, the ?ller 
Will typically have an average ?ber length of from 10 pm to 
2,000 pm, preferably 50 pm to 800 pm, and a ?ber diameter 
of 5 pm to 30 pm, preferably 10 pm to 20 pm. 

[0070] The PTFE poWder and the ?ller may be mixed by 
either a Wet method and/or a dry method. 

[0071] The ?ller is typically mixed With the PTFE poWder 
in a proportion of 0.5 to 80% by Weight, based on the total 
Weight of the PTFE poWder (the sum of the Weight of the 
PTFE polymer and the ?ller). The preferred amount of ?ller 
Will, of course, depend on the identity of the ?ller and the 
?nal application of the ?nal molded article. HoWever, in the 
case of a glass ?ller, the ?ller is preferably used in an amount 
of 15 to 25% by Weight based on the sum of the Weights of 
the ?ller and the PTFE poWder. In the case of a bronZe ?ller, 
the ?ller is preferably used in an amount of 30 to 60% by 
Weight based on the sum of the Weights of the ?ller and the 
PTFE poWder. In the case of a polyimide ?ller, the ?ller is 
preferably used in an amount of 2 to 20% by Weight based 
on the sum of the Weights of the ?ller and the PTFE poWder. 
In the case of a coke or carbon ?ller, the ?ller is preferably 
used in an amount of 5 to 30% by Weight based on the sum 
of the Weights of the ?ller and the PTFE poWder. In the case 
of a PPS ?ller, the ?ller is preferably used in an amount of 
5 to 20% by Weight based on the sum of the Weights of the 
?ller and the PTFE poWder. 

[0072] In the case Where a hydrophilic ?ller is used, there 
is the draWback that the ?ller is easily transferred into the 
liquid phase due to its hydrophilicity and is only difficultly 
mixed With the PTFE poWder homogeneously. That is, a 
granular poWder or pellets in Which all the ?ller is mixed 
With the PTFE poWder cannot be obtained, and a part of the 
?ller remains in the treating liquid. This phenomenon is 
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referred to as separation of ?ller. To cope With this problem, 
it may be preferable to use previously surface-treat the 
hydrophilic ?ller to render it hydrophobic, i.e., to loWer its 
surface activity to near that of the PTFE poWder. 

[0073] Examples of the methods and compounds Which 
may be used for the surface treatment of the ?ller include, 
e.g., (a) functional amino-containing silanes, phenyl-con 
taining silanes, and/or soluble silicones (see, e.g., US. Pat. 
Nos. 3,929,721; 3,915,916; and 4,218,534, Which are incor 
porated herein by reference); (b) monocarboxylic acids of 
hydrocarbons having 12 to 20 carbon atoms (see, e.g., 
JP-B-48-37576, Which is incorporated herein by reference); 
(c) chromium complex compounds of an aliphatic carboxy 
lic acids (see, e.g., JP-B-48-37576, Which is incorporated 
herein by reference); (d) silicones (see, e.g., JP-A-53 
139660, Which is incorporated herein by reference); and (e) 
coating a hydrophilic ?ller With PTFE (see, e.g., JP-A-51 
121417, Which is incorporated herein by reference) is also 
knoWn. 

[0074] Examples of speci?c compounds Which may be 
used for the surface treatment of the hydrophilic ?ller 
include, for example, aminosilane coupling agents such as 
y-aminopropyltriethoxysilane (H2N(CH2)3Si(OC2H5)3); m 
or p-aminophenyltriethoxysilane (H2N—C6H4 
Si(OC2H5)3); y-ureidopropyltriethoxysilane 
(H2NCONH(CH2)3Si(OC2H5)3; N-([3-aminoethyl)-y-ami 
nopropyltrimethoxysilane 
(H2N(CH2)2NH(CH2)3Si(OCH3)3); and N-([3-aminoethyl) 
y-aminopropylmethyldimethoxysilane 
(H2N(CH2)2NH(CH2)3SiCH3(OCH3)2), and the like. In 
addition to those compounds, there may be used, for 
example, organosilane compounds such as phenyltrimethox 
ysilane, phenyltriethoxysilane, p-chlorophenyltrimethoxysi 
lane, p-bromomethylphenyltrimethoxysilane, diphe 
nyldimethoxysilane, diphenyldiethoxysilane and 
diphenylsilanediol; and ?uorosilanes, such as those avail 
able from Huels. 

[0075] Hydrophobic ?llers can be used as is, Without 
surface treatment. 

[0076] III. The Solvent 

[0077] The solvent used in the present method may be any 
that is suitable for Wetting and agglomeration of PTFE. In a 
preferred embodiment, the present method uses an environ 
mentally friendly solvent system for the Wetting and 
agglomeration of the PTFE poWder. In the context of the 
present invention, the term “environmentally friendly” 
refers to those solvents Which have reduced volatility and 
therefore generate reduced or even no volatile emissions on 
use. 

[0078] Particularly preferred for use in the present method 
are solvents Which are mixtures of Water and an organic 
solvent Which has a vapor pressure higher than Water. 
Examples of suitable organic solvents Which have a vapor 
pressure higher than Water include those from the list of 
suitable solvents given above, Which have a vapor pressure 
higher than Water. 

[0079] A preferred class of solvents is described in US. 
Pat. No. 5,502,161 (Which is incorporated herein by refer 
ence) and includes those selected from the group consisting 
of: 
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[0080] (a) ethylene glycol ethers, having the following 
general formula 

CnHaO(C2H4O)XH 
[0081] Wherein 

[0082] n is an integer equal to from 3 to 8; 

[0083] a is an integer equal to 2n+1, 2n-1, or 2n-3; and 

[0084] X is an integer equal to from 1 to 3, 

[0085] provided that 

[0086] When n equals 3, a is either 2n+1 or 2n-1, and 
When n equals 7 or 8, X is 2 or 3; 

[0087] (b) propylene glycol ethers having the folloWing 
general formula 

CnHaO(C3H6O)XH 
[0088] Wherein 

[0089] n is an integer equal to 3 or 4; 

[0090] a is an integer equal to 2n+1, 2n-1, or 2n-3; and 

[0091] X is an integer equal to 1 or 2 

[0092] provided that 

[0093] When n equals 3, a is either 2n+1 or 2n-1; and 

[0094] (c) diols or triols having the folloWing general 
formula 

R—(OH)X 
[0095] Wherein 

[0096] R is a linear or branched chain, saturated or unsat 
urated hydrocarbon radical containing from 6 to 12 carbon 
atoms; and 

[0097] X is an integer equal to 2 or 3. 

[0098] Another class of suitable solvents includes the 
acetylenic glycols of the formula 

CH3RC(OH)EC(OH)RCH3 
[0099] Wherein 

[0100] R is a group of the formula 

[0101] in Which X is an integer equal to from 1 to 3. 

[0102] Speci?c eXarnples of suitable solvents include: 

[0103] Diethylene glycol rnonoheXyl ether; 

[0104] Dipropylene glycol rnonobutyl ether; 

[0105] Diethylene glycol rnonobutyl ether; 

[0106] Surfynol 502, acetylenic diol blend; 

[0107] Surfynol 82, 3,6-dihydroXy-3,6-dirnethyl-4 
octene; 

[0108] Propylene glycol rnonobutyl ether; 

[0109] Propylene glycol rnonopropyl ether; 
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[0110] 1-Butanol; 
[0111] iso-Butanol; 
[0112] 1-Propanol; 
[0113] iso-Propanol; 
[0114] Ethylene glycol rnonobutyl ether; 
[0115] HeXylene glycol, 2,4-dihydroXy-2-rnethylpen 

tane; 

[0116] Ethanol; 
[0117] 2,2 Diethyl-1-3-propanediol (solid); 
[0118] 2 Ethyl-1,3-heXanediol; 

[0119] SilWet L77, silicone based tetraethylene oXide 
adduct; 

[0120] Surfynol 61, 3,5-dirnethyl-3-hydroXy-1-heXene; 
[0121] Triethylene glycol rnonoheXyl ether 

[0122] Macol 48, alkoXylated alcohols; 

[0123] Macol SF, silicone based; 

[0124] Tetraethylene glycol rnonoheptyl ether; 
[0125] Chernal TDA-3, triethylene glycol rnonotridecyl 

ether; 
[0126] BRI] 30, tetraethylene glycol rnonododecyl 

ether; 
[0127] ReneX 36, heXaethylene glycol rnonotridecyl 

ether; 
[0128] Synthrapol KB, pentaethylene glycol rnonodecyl 

ether and heXaethylene glycol rnonodecyl ether; 

[0129] ReneX KB, polyethylene glycol rnonoalkyl 
ether; 

[0130] Arlasolve 200L, diethylene glycol rnonoheXade 
cyl ether; 

[0131] BRU 97, decaethylene glycol rnono-9-octade 
cylene ether; 

[0132] BRU 76, decaethylene glycol rnonooctadecyl 
ether; 

[0133] Triton XL-80N, (EtO)8_1O(PrO)5_8EtOH; 

[0134] Triton DF-16, (EtO)8_10(PrO)5_8H; 

[0135] Tergitol MF-lX, C12_14H25_29(EtO)X(EtO/PrO)y 
EtOH; 

[0136] Tergitol 
PrO)yPrOH; 

[0137] Cherneen C-2, (EtO)2-cocoarnine; 

[0138] Surfynol 504, acetylenic diol blend; 

[0139] Surfynol 420; 

[0140] Surfynol 440; 

[0141] Acetylenic glycol belnds; 

[0142] AntaroX 61, alkoXylated glycol (block); 

[0143] AntaroX 62, alkoXylated glycol (block); 

[0144] 1,6-HeXanediol (solid); 
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[0145] 1,2-DimethoXyethane; 
[0146] Propylene glycol; 

[0147] 1,5-Pentanediol; 
[0148] Ethylene glycol monomethyl ether; 
[0149] 1,3-Propanediol; 
[0150] Glycerol; 
[0151] Ethylene glycol; 
[0152] Diethylene glycol dibutyl ether; 

[0153] Butyl acetate; 

[0154] Isopropyl acetate; 

[0155] 1-Pentanol; 
[0156] Butyl formate; 
[0157] Propyl formate; 

[0158] Ethyl formate; 

[0159] Pycal 94; 

[0160] 1,2-Pentanediol; 

[0161] 1,2-HeXanediol; 

[0162] 1,2-Octanediol; 
[0163] 2,5-Dimethyl-2,5-heXanediol; 
[0164] 2,5-Dimethyl-3-heXyne-2,5-diol; 
[0165] 2,2,6,6-Tetramethyl-3,5-heptanediol; 

[0166] Sodium lauryl sulfate; 

[0167] Propylene glycol monoheXyl ether; and 

[0168] Methanol. 

[0169] Preferred ethylene glycol ethers Which may be used 
are ethylene glycol monobutyl ether, diethylene glycol 
monobutyl ether, and diethylene glycol monoheXyl ether. 
Preferred propylene glycol ethers are propylene glycol 
monopropyl ether, propylene glycol monobutyl ether, and 
dipropylene glycol monobutyl ether. Preferred diols or triols 
are: (a) 1,2-alkane diols such as 1,2-heXane diol, 1,2 
heptanediol, and 1,2-octane diol; (b) 1,2,3-alkane triols such 
as 1,2,3-decane triol; and (c) alkynyl diols such as 3,6 
dimethyl-4-octyne-3,6-diol. Of these, preferred results are 
achieved With the propylene glycol ethers. Of the ethers 
especially preferred results are achieved With dipropylene 
glycol monobutyl ether (“DPnB”). 
[0170] Particularly good results have been achieved With 
miXtures of DPnB and Water. DPNB is commercially avail 
able from DoW under the tradename of DOWANOL. 

[0171] Although the eXact ratio of Water to organic solvent 
Will, of course, depend on the eXact identity of the organic 
solvent being used, good results have been achieved With 
solvents comprising 60 to 99.5% by Weight, preferably 94 to 
98% by Weight, of Water and 0.5 to 40% by Weight, 
preferably 2 to 6% by Weight, of organic solvent, based on 
the total Weight of the Water and the organic solvent. 

[0172] IV. Wetting the PTFE PoWder 

[0173] In the ?rst step of the present method, the PTFE 
poWder (With or Without one or more ?llers) is Wetted With 
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the solvent. Although the eXact ratio of PTFE poWder 
(including ?ller When present) Will, of course, depend on the 
eXact identity or the solvent being used, good results are 
normally achieved When the PTFE poWder and the solvent 
are mixed in a Weight ratio of from 1:1 to 10:1, preferably 
from 7:4 to 5:1. 

[0174] The Wetting of the PTFE poWder With the solvent 
system may be carried out in any suitable apparatus, such as 
ploW blenders, Waring blenders, paddle blenders, ribbon 
blenders, With or Without a high speed element. Particularly 
good results have been achieved With a Littleford Day 85 
liter mixer. 

[0175] V. Forming the Agglomerated Pellets of PTFE 

[0176] After the PTFE poWder (and ?ller, if present) has 
been Wetted With the solvent system, the Wetted PTFE 
poWder is agglomerated into pellets or granules. This step 
may be carried out in any of the conventional Ways for 
granulating PTFE poWder, e.g., by stirring the Wetted PTFE 
poWder at a speci?ed rate and intensity or by tumbling the 
Wetted PTFE poWder. A general discussion of agglomeration 
is provided in Kirk-Othmer; Encyclopedia of Chemical T ech 
nology, Fourth Ed., Wiley Interscience, NeW York, vol. 22, 
pp.229-236 and 248-255 (1997), Which is incorporated 
herein by reference. Suitable agglomerating apparatus and 
methods include double cone blenders, inclined pans or 
disks or rotating tubes. Typical equipment Which may be 
utiliZed is described in US. Pat. Nos. 3,597,405 and 5,182, 
119. 

[0177] The formation of the agglomerated pellets of PTFE 
is preferably carried out in a tWo stage process in Which the 
Wetted PTFE poWder ?rst passes through a mill and then 
passes through a densi?er. EXamples of suitable mills 
include hammer mills, cone mills, and homoloids. 

[0178] In a preferred embodiment, the agglomerated pel 
lets of PTFE are formed in a mill Which contains a screen. 
In this Way, the residence time of the PTFE passing through 
the mill can be controlled by changing the screen siZe 
betWeen 0.01 inch to 0.1 inch, preferably 0.03 inch to 0.07 
inch. 

[0179] After the milled PTFE eXits the mill it is then 
conveyed to a densi?er. EXamples of suitable densi?ers 
include heated tube tumblers, pan pelletiZers, vibratory 
decks, vibratory pans, or combinations thereof. The densi 
?ed pellets of PTFE exiting the densi?er typically have a 
particle siZe such that they pass through a 10 mesh screen. 
A particularly preferred heated tumbler is described in US. 
Pat. No. 5,182,119, Which is incorporated herein by refer 
ence. 

[0180] In a particularly preferred embodiment, the Wetted 
PTFE is ?rst milled in a hammer mill, then passed through 
a 0.04 inch screen onto a vibratory pan, then conveyed on 
the vibratory pan to a heated tube tumbler, and processed in 
the heated tube tumbler to afford Wet agglomerated pellets of 
PTFE. Especially good results have been achieved With a 
hammer mill operating at a tip speed of about 60 ft/sec and 
a 30 inch heated tube tumbler operating at about 225° F. and 
25 rpm. 

[0181] The entire agglomeration may be carried out at 
room temperature. Alternatively, either or both of the milling 
and densi?cation stages may be carried out With heating. 



US 2005/0194710 A1 

[0182] VI. Drying the PTFE Pellets 

[0183] After the PTFE pellets have been formed, they are 
the dried in a ?uidized bed drier. Fluidized bed drying is, per 
se, Well known and the PTFE pellets may be dried in any 
conventional ?uidized bed drier. A general discussion of 
?uidization is provided in Kirk-Othmer; Encyclopedia of 
Chemical Technology, Fourth Ed., Wiley Interscience, NeW 
York, vol. 11, pp.138-171 (1994), Which is incorporated 
herein by reference. 

[0184] The ?uidized bed drying of the PTFE pellets may 
be carried out in a batchWise or continuous fashion. In a 
preferred embodiment, the ?uidized bed drying is carried 
out continuously. When using continuous ?uidized bed 
drying, either a single zone or multizone apparatus may be 
used. The use of a multizone unit is preferred. 

[0185] The time and temperature at Which the ?uidized 
bed drying is carried out Will, in part, be determined by the 
vapor pressure and amount of the organic solvent compo 
nent of the solvent system. In the case of the Water-DPnB 
mixtures described above, good results have been achieved 
by batchWise drying for a time of 1 to 20 minutes, preferably 
to 15 minutes, at an air temperature of 330 to 470° F., 
preferably 350 to 450° F., more preferably 370 to 430° F., 
With air ?oW rates ranging from 150 to 250 cfm (cubic feet 
per minute), preferably 175 to 225 cfm. 

[0186] Good results may be also obtained by adjusting the 
residence time, air temperature, and air ?oW rates in a 
continuous ?uidized bed unit to achieve similar overall 
drying conditions. For example, in the case of a three-zone 
?uidized bed drier good results may be achieved for pellets 
having a Wet bulk density of about 58 pounds per cubic foot 
(PCF) and a dry bulk density of about 45 PCF, a particle size 
of 70% +30 mesh, and an initial moisture content of 25% by 
Weight and an initial input temperature of about 70 to 90° F., 
by using a residence time of 2.5 to 10 minutes, preferably 5 
to 7.5 minutes, more 5.5 to 7.0 minutes, in the drying zone, 
2.5 to 10 minutes, preferably 5 to 7.5 minutes, more pref 
erably 5 .5 to 7.0 minutes, in the conditioning zone, and 1 to 
10 minutes, preferably 2.5 to 7.5 minutes, more preferably 
3.5 to 4.5 minutes, in the conditioning zone; and input rate 
of 500 to 900 pounds per hour (PPH), preferably about 720 
PPH; an air temperature of 200 to 400° F., preferably about 
300° F., in the drying zone, 300 to 450° F., preferably about 
400° F., in the conditioning zone, and 50 to 75° F., preferably 
about 60 to 70° F., in the cooling zone; and an air ?oW rate 
sufficient to promote ?uidization of the agglomerated PTFE. 

[0187] After the agglomerated pellets have been dried, 
they may then be subjected to one of more of various other 
processing steps, such a baking or presintering, e.g., at a 
temperature greater than 625° F. 

[0188] Preferably, the dried agglomerated pellets of PTFE 
are then classi?ed by size. Typically, the dried agglomerated 
pellets are size classi?ed by sieving With a screen con?gu 
ration such that the agglomerated pellets pass through a 12 
mesh screen and are retained by a 50 mesh screen, prefer 
ably the agglomerated pellets pass through a 14 mesh screen 
and are retained by a 44 mesh screen. 

[0189] The bulk density of the agglomerated pellets of 
PTFE prepared by the present process Will, of course, 
depend dramatically on the presence and identity of any 
?ller. Thus, for example, agglomerated pellets of PTFE 
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Which contain a bronze ?ller Will have a higher bulk density 
than agglomerated pellets of PTFE Which contain no ?ller. 
HoWever, the agglomerated pellets of PTFE prepared by the 
present method typically exhibit a bulk density of Which is 
greater than pellets Which are similar in regard to compo 
sition but are prepared With conventional drying. For 
example, agglomerated pellets of PTFE Which contain about 
15% by Weight of a graphite ?ller and dried With conven 
tional tray drying in an electric oven Will typically have a 
bulk density of about 725 g/liter. In contrast, dying the same 
pellets in a ?uidized bed dryer affords a product With a bulk 
density ranging from about 810 to about 835 g/liter. 

[0190] Moreover, the PTFE pellets prepared by the present 
method exhibit good ?oWability, i.e., a ?oWability of 1 to 11 
mm, preferably 1 to 7 mm, as measured by the method 
described beloW. 

[0191] VII. Molding the Dried PTFE Pellets 

[0192] After drying, the PTFE pellets may be packaged 
and sold as is. Alternatively, the dried pellets may be used 
for the production of molded PTFE articles. Due to its high 
viscosity, PTFE cannot be conveniently extruded as a ther 
moplastic. Accordingly, molded PTFE articles are typically 
prepared by ?lling a mold With the dried pellets and then 
forming the molded article by subjecting the pellets to heat 
and pressure. Typically, the molded article is formed by 
subjecting the pellets to a temperature of about 60° F. to 90° 
F., preferably about 70° F. to 78° F., and a pressure of 5,000 
to 30,000 psi, preferably 6,000 to 10,000 psi, for a time of 
20 seconds to 10 minutes, preferably 30 seconds to 5 
minutes. 

[0193] Although the pellets prepared by the present 
method may be used to form any type of molded article 
conventionally prepared form PTFE, it is particularly pre 
ferred to use the PTFE pellets prepared by the present 
method to prepare seals and piston rings. 

[0194] The molded articles prepared from the PTFE pel 
lets formed by the present method exhibit excellent proper 
ties. In particular, the molded articles prepared from ?lled 
agglomerated pellets of PTFE prepared by the present 
method exhibit excellent homogeneity and reduced spotting. 

[0195] Moreover, the molded articles prepared from the 
agglomerated pellets of PTFE prepared according to the 
present method exhibit excellent physical and mechanical 
properties. For example, the molded articles prepared from 
?lled agglomerated pellets of PTFE prepared by the present 
method exhibit excellent tensile elongation and tensile 
strength. 
[0196] Other features of the invention Will become appar 
ent in the course of the folloWing descriptions of exemplary 
embodiments, Which are given for illustration of the inven 
tion and are not intended to be limiting thereof. 

EXAMPLES 

[0197] In the folloWing examples, all percentages are 
given in terms of % by Weight, all temperatures are given in 
° F., and all molecular Weights are given in Weight average 
molecular Weight, unless otherWise explicitly stated. 

Examples 1 - 11 

[0198] Agglomerated pellets of PTFE ?lled With graphite 
Were prepared as folloWs. First, 90.10 lbs of PTFE G-586 
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Fluon Granular, obtained from Asahi Glass Fluoropolymers, 
Was premixed With 15.90 lbs of —80 mesh sifted/demagne 
tized 5026C graphite, obtained from Superior Graphite. 
Then the PTFE-graphite mixture Was mixed in a 85 liter 
Littleford mixer for 8 minutes dry and then for 2 minutes 
With 5.2 gallons of a solvent containing 96% by Weight of 
reverse-osmosis puri?ed Water and 4% by Weight of DPnB, 
obtained from DoW Chemical. 

[0199] Thereafter, the PTFE-graphite mixture Was passed 
through a hammer mill and then passed through a 0.040 inch 
screen onto a vibrating deck Which conveyed the mixture to 
a 30 inch diameter heated tumbler operating at a temperature 
of 225° F. and a tumbling speed of 25 rpm. 

[0200] The resulting agglomerated pellets of PTFE Were 
then dried in a Carrier 1 ft2 batch ?uidized bed drier 
operating under the conditions shoWn in Table 1 beloW. 

TABLE 1 

Condition 

Exam- Charge First Stage; Time Second Stage; Time Air 
ple Amount (min) @ Temperature (min) @ Temperature FloW 
No. (lbs) (° (° (cfm) 

1 10 8 min @ 300° F. 0 min @ 0° F. 160 
2 10 8 min @ 300° F. 10 min @ 370° F. 160 
3 10 8 min @ 300° F. 5 min @ 400° F. 160 
4 10 8 min @ 300° F. 10 min @ 400° F. 160 
5 10 8 min @ 300° F. 15 min @ 400° F. 160 
6 10 8 min @ 300° F. 10 min @ 430° F. 160 
7 10 6 min @ 300° F. 5 min @ 400° F. 195 
8 10 8 min @ 300° F. 5 min @ 400° F. 160 
9 10 4 min @ 400° F. 5 min @ 400° F. 160 

10 10 7 min @ 300° F. 10 min @ 370° F. 195 
11 10 6 min @ 300° F. 10 min @ 400° F. 160 

Comparative Example 1 

[0201] The historical mean for analogous agglomerated 
pellets of PTFE prepared in a similar manner except for the 
use of tray drying in an electric oven rather than drying in 
a ?uidized bed drier Was taken as Comparative Example. 
The agglomerated pellets Were placed on an approximately 
1 m2 tray at a depth of about 1 inch and dried in an electric 
oven at 380° F. for 8 hours and then at 600° F. for 6 hours. 

Results 

[0202] The Bulk Density, Filler Content, and Slit Were 
measured for each agglomerated pellets of each of Examples 
1-11, as folloWs. 

[0203] Bulk Density: The Bulk Density Was measured 
according to ASTM 4745. 

[0204] The Filler Content as % by Weight based on the 
total Weight of the pellets after drying Was determined by 
ASTM 4745. 

[0205] Slit How Was measured by placing 100 g of 
agglomerated pellets in V-shaped trough With an internal 
angle of 60° and a movable gate on one side of the bottom 
of the trough. The gate is closed When the pellets are placed 
in the trough and then gradually sliding upWard at a rate of 
12.7 mm per minute. As the gate opens, the pellets ?oW 
through the open gate onto an electronic balance. The Width 
of the opening When 50 g of the pellets have passed through 
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the gate is determined as the Slit FloW as measured in mm. 
The results are shoWn in Table 2 beloW. 

TABLE 2 

Properties 

Bulk Density Filler Content Slit FloW 

Example (g/liter) (% by Weight) (mm) 

1 816 14.1 4.3 

2 820 14.1 3.6 

3 816 14.4 3.6 

4 828 14.2 4.0 

5 836 14.2 3.6 

6 836 14.2 4.0 

7 812 14.1 3.6 

8 828 14.0 4.0 

9 824 14.2 3.6 

10 820 14.2 4.0 

11 816 14.2 4.6 

trial max 836 14.4 4.6 

trial min 812 14.0 3.6 

trial range 24 0.4 1.0 

Comparative 725 14.6 7.9 

Example 1 

(historical mean) 
historical st dev 19.61 0.3 1.6 

Examples 12-22 

[0206] The agglomerated pellets obtained in Examples 
1-11 Were molded using the method described in ASTM D 
4745-01 to obtain the billets of Examples 12-22, respec 
tively. 

Comparative Example 2 

[0207] The historical mean for analogous billets molded 
from agglomerated pellets of PTFE prepared in a similar 
manner except for the use of tray drying in an electric oven 
rather than drying in a ?uidized bed drier Was taken as 
Comparative Example 2. The agglomerated pellets Were 
prepared as described in Comparative Example 1. 

Results 

[0208] The Tensile Strength, Tensile Elongation, Shrink 
age, and Standard Speci?c Gravity (SSG) of the billets of 
Examples 12-22 and Comparative Example 2 Were mea 
sured as folloWs: 

[0209] Tensile Strength: The Tensile Strength Was mea 
sured in accordance With ASTM D 4745. 

[0210] Tensile Elongation: The Tensile Elongation Was 
measured by ASTM D 4745. 

[0211] Shrinkage: The Shrinkage of the billets Was mea 
sured according to ASTM D 1457. 

[0212] Standard Speci?c Gravity (SSG): The SSG Was 
measured according to ASTM D 792. 
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[0213] The results are given in Table 3 below: 

TABLE 3 

Properties 

Tensile Tensile 
Strength Elongation Shrinkage 

Example (units) (units) (units) SSG 

12 2536 110 2.53 2.14 
13 2480 108 2.64 2.13 
14 2583 131 2.70 2.13 
15 2419 120 2.53 2.13 
16 2363 111 2.70 2.14 
17 2429 108 2.70 2.13 
18 2566 111 2.47 2.13 
19 2521 123 2.47 2.13 
20 2444 124 2.58 2.13 
21 2503 103 2.53 2.13 
22 2590 118 2.64 2.13 

trial max 2590 131 2.70 2.14 
trial min 2363 103 2.47 2.13 

trial range 227 28 0.23 0.01 
Comparative 2051 123 2.59 2.13 
Example 2 

(historical mean) 
historical st dev 101 12.7 0.13 0.01 

[0214] The results given in Table 3 shoW that the molded 
articles prepared from the agglomerated pellets prepared 
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according to the present invention exhibit a remarkably 
improved Tensile Strength as compared to analogous billets 
prepared from pellets Which have been prepared using tray 
drying in an electric oven. 

[0215] Obviously, numerous modi?cations and variations 
of the present invention are possible in light of the above 
teachings. It is therefore to be understood that, Within the 
scope of the appended claims, the invention may be prac 
ticed otherWise than as speci?cally described herein. 

[0216] All patents and other references mentioned above 
are incorporated in full herein by this reference, the same as 
if set forth at length. 

1. A method for preparing agglomerated pellets of PTFE, 
said method comprising: 

(1) Wetting a PTFE poWder With a solvent, to obtain a 
Wetted PTFE poWder; 

(2) forming said Wetted PTFE poWder into agglomerated 
pellets of PTFE; and 

(3) drying said agglomerated pellets of PTFE, 
Wherein said drying of said agglomerated pellets of PTFE 

is carried out in a ?uidized bed drier. 

2-52. (canceled) 


