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benefit of U S. Provisional Application No.

60/ 876, 836, filed Decenber 22, 2006, which is

i ncor porated by reference herel n |n its entirety.
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BACKGROUND OF THE INVENTION

Sheets of perfluoropolymers which are thermoplastics and which

contain continuous or long fibers oriented parallel to the major plane of the
sheet (the so-called x-y plane, as opposed to the z axis through the
thickness of the sheet) are »known (see, e.g., U.S. Patent Nos. 4,163,740;
5,194,484; 5,232 ,975; 5,470,409; 5,503,662; and 5,506,052, all of which
are hereby incorporated by reference). However the prior art does not
describe a process for welding together fiber reinforced perfluoropolymer
material wherein the fibers are oriented in an x-y plane without disturbing
the fiber orientation. |

Another disadvantage of the conventional methods is that the
thickness of sheets obtained by conventional welding methods is limited
somewhat by the process. For example, when thick sheets are désirable,
consolidation of the matrix polymer may not be complete. Thicker pieces,
for example pieces having a nominal thickness of greater than 0.05 cm,
can be obtained by compression molding several sheets together.



for exanple pieces having a nom nal thickness of
greater than 0.05 cm can be obtai ned by conpression

wondodiomgesever al sheets toget her. However, suchP@r/us2007/026224
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process can be time consuming if relatively thick

sheets are desired, because thermal stresses may cause
cracking or other defects if the heating and/or
coldPWEYEF, SUEE PECGESs candie time aansurmieg ifreladivelydibickssheets
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ofoéerftf"*'%& part conprising a perfluoropolynmer with a

flat surface of a second part conprising a

per f | uor opol yner orU a pol ychl orot ;i fEuorO(,e\‘t hyl ene

pol ymer, said fi rﬁjﬁﬁﬁuﬂ:@m sing fibers

oriented essenti al rall.el to a plane of .said flat

ur { acelt 678 Sohedt bk ARl fter s BEERSS Feninds part

suidrapasingfa pérfidofogsiymaner & |Gratriffucrbethg|eievpdigmer,
? part in rel a?

said first part and said secon i onshi p
t dherroaess semprigingrthersteps efeate suffi ci ent

frictional [ ' . t

wher eby ¢ @ ROBEE Rad dirfacd o3 IRRDATEEHBUARGE .
s geerfldofpolymerWithanflatosurfaektofrd secuhd pant cbeprisirgg ahe
moti gn of said first and second parts while )
neﬁ’?i%!ﬂpfﬁ reghehaP etiifugreetnyleneplyrmessaid firsf and
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arnsditifat surfacemr aspect is for a part forned by a

process of (b r}ﬁai 5eﬁﬁﬁlgtcontact between said flat surfaces of said first
and second parts while moving said first part and said second part in
relationship to one another in order to create sufficient frictional heat
between said first and second parts whereby the respective flat surfaces
of said first and second parts melt and/or soften; and,

(c) halting the motion of said first and second parts while
maintaining contact between said flat surfaces for a time sufficient to allow
the flat surfaces of said first and second parts to cool and adhere to one
another.

Another aspect is for a part formed by a process of the present

invention.

BRIEF DESCRIPTION OF THE FIGURE

Figure 1 illustrates two perfluoropolymer parts of the present

invention which have been vibration welded together. The scale and weld
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i nvention. BRI EF DESCRI PTION OF THE FI GURE Figure 1
illustrates two perfluoropol ynmer parts of the present
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The scale and weldline are marked in the Figure, and

one can see that the orientations of the fibers at the
wel d I'ine have not been changed. DETAI LED DESCRI PTI ON
OHinEHarel INgERéd iBNhedHigure, @adtariencdreses ttmtdhemlénmtd)ns of the

SO of .them defined, pelow. By the "x-y plane" of
a @g@t eye?cf E‘t‘e EHY‘F&‘@EE? ﬁbﬁﬁéeg pl ane parallel to
the surface of the designated surface. The "z"
direction is perpendicular to the x-y plane. in

contact" it DEBALEDWDESCRIBTION QEWHEatNVIENIﬂQ
br essur Be{d18 CeRTL ST Ao foedtick s of tdcdre deiped below:

meant a f og{ntNé iy ipendTdfEs et oTH fiacRffaderis feéakt &/ plane
paral l el to each other, which has edges. The x-y plane

of paraiektodbe surfacp af ahe designatad swace. oflae 67" dirgetion is

ai PBETRIc P DGRt PBRE"  hi ckness of the sheet.
Pref er abl yBy Mg cdreatt” ithhe&inesso (6r mess) itemas agfdlly touching,
preferably [ess than 10% of the smallest |inear

di arhHiynmay be eentagied with vaey e pressake ((osee)rBHEN a
S gsgjethe present invention need not be in the form
of'a~square or rectangle, rather it may also be a
"prefornt Bhat“shept'asinmedresa fona \dmls lwe@risnbmadasoﬁacebsa

f t Kk
(| rsteTably el LA RAs e VEIRATas gk o iy E Plaps of the
Xéﬁ%ét@ i ogé@@% ﬁﬁ’l@ﬁsﬂgn bf'the @@& gpr@feﬁabw BStr’lﬁBﬁﬁb

nut shaped though WO pri nci
susmnﬁam a'Fhe fz”ailrecanu i$ t’onughg'\erﬂycbmﬁsmfstbeﬁ!e@t al

| R T SR 855 a2 b il

| 510%96Fthe smallest linear dimension of a surface of the sheet. As used
herein, a sheet of the present invention need not be in the form of a
square or rectangle, rather it may also be a “preform” that approximates
the desired shape of the finished article, but wherein the thickness of the
final article requires more than a single sheet. For example, if some type
of ring is being made, the sheet may be doughnut shaped, although the
two principal surfaces ére flat, and the ring may comprise several
thicknesses of the sheet used to obtain the ring.

By “fibers oriented essentially parallel to an x-y plane” is meant
that the long axis of the fibers is oriented parallel to the x-y plane. The
long axis of a fiber may be bent, but that long axis will generally be parallel
to the x-y plane.

In one embodiment, a sheet used in the process of the present
invention comprises perﬂuoropolyrﬁers. One of ordinary skill would know
that a perfluoropolymer is a synthetic organic polymer where essentially all
of the hydrogen atoms have been replaced by fluorine atoms. For the
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that the long axis of the fibers is oriented parall el
to the x-y plane. The long axis of a fiber may be

wheews/074366 that |ong axis will generally be parP@l/Ugt00t/026224
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the x-y plane. In one enbodinent, a sheet used in the
process of the present invention conprises

perfl uoropol yners. One of ordinary skill would know
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In another type of frictional welding, the parts are brought together
as above, but the frequency of the motion is much higher, in the ultrasonic
range, typically 15 kHz to 50 kHz. Again the motion may be linear,
circular, random or any combination of motion.

Spin welding may also be used, particularly for circular parts. In
spin welding, the parts are brought together as above, but now the motion
is circular with respect to one another, the speed (rpm) and pressure
applied being sufficient to melt or soften the thermoplastic. However
since the section of the surface nearer the axis of rotation is moving more
slowly than the outer sections, this method is best applied to items having
ring-like shapes with flat surfaces. A preferred welding method is
vibrational welding.
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al so be used, particularly for circular parts. In spin
wel ding, the parts are brought together as above, but
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20 called reinforcing fibers) are particularly useful. Useful fibers include
glass, carbon (graphite), aramid, and carbon are particularly preferred,
and carbon is especially preferred. Typical loadings of fibers are at least
about 5%, more preferably at least about 10%, and very preferably at least
about 15%. Maximum loadings of fiber are typically 65%, more preferably
25 about 50%, and especially preferably about 30%. All such percentages
are percents by weight based on the total weight of fiber plus
perfluoropolymer in the composition. It is to be understood that any
preferred minimum loading may be combined with any preferred maximum
loading to form a preferred loading range. Useful fiber “grades” includes
30 those normally used to reinforce thermoplastics.
Preferably the fibers are at least about 0.3 cm long, more preferably

at least about 0.6 cm long, very preferably least about 1.3 cm long, and
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tubes, and rings in applications where such properties
are needed. Fi bers which have high noduli and/or

wo emvsiolsest rengt h (comonly cal | ed rei nf or ci ngp€T/082087/026224
are particularly useful. Useful fibers include glass,
carbon (graphite), aram d, and carbon are particularly
preferred, and carbon is especially preferred. T
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about 0.3 cmlong, nofe preferably at | east about 0.6

cnimogagionameTspeaimprising felreBunroativianel (TF Erand mpre
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of repeait Unhsueriaed firanh THFE) Ubeful o6monbirie?s witht TRE are
materials that are typically included in

pePefuerinatad alkyl ioyhsiBers, sheedialy redbos(n-propybwaYl ether),
orH o . byt

" oad Reriafod bigfing: E55ELialy MRt RoprabBnE? Mioific?

t hprefemréd perfopybpolyneras pohyTikE.he first and second

arts ape the, sane, angd/ qr ef ed perfl uorgpol rs
15 bay. a1 EigHre: SPAGS P AHonBhVERLPSMERT Mo PertiordRsiymer

Peshddte RRRAINITR SrieHtEd BRFSO filsP, ONfe PictUrB Pad§ERAERIEd by X-
conprising tetrafl uoroethylene (TFE), and norée

pr efyemidsdtorsographiyEap genetslly described imA anshBt Vao Diytke

CoRERRlaer AR MITBSEp L B MR R Rynay BT flittoscoey.
et {61 $9165.PE51-25BY1 998) f WHRNhG$ hrepsis\pincoridrate by esference.
and perfluorinated ol efins, especiall

20 hekbewsld dpedpinasked onrtberfdgure, and as gan be observed, there is
no appreciable change in orientation of the fibers at the weld line.

General procedure, Examples 1-9. Partially consolidated (Note -

the parts may be, and are preferred to be, fully consolidated) (95-97%)
0.64 cm (0.25") thick sheets of Teflon® PFA 340 (a copolymer of

25 tetrafluoroethylene and perfluoro(propyl vinyl ether), available from E. I. du
Pont de Nemours and Company, Wilmington, DE 19898 U.S.A.) reinforced
with 20 wt% 0.64 cm (0.25") long chopped carbon fiber were prepared
according to U.S. Patent 5,470,409, which is hereby incorporated by
reference. These plates were cut by bandsaw into suitably sized squares.

30 All samples were vibration welded on a Branson® VW-8UHL machine
(Branson Ultrasonics Corp., Danbury, CT 06813, USA) at 240 Hz with a
linear vibration amplitude of 1.78 mm (0.070"). Anti-skid tape was used on
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preferred perfluoropolyner is polyTFE. Figure 1 shows
a vibrational weld between two perfl uoropol yner sheets

w@oemwsarasehg oriented carbon fiber. The pictur ePGEES2007/026224
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generated by Xray m crotonography, as generally
described in A and D. Van Dyck, Desktop X-Ray
M croscopy and M crot onography, Journal of M croscopy,

vathe rh@dhinelplatehé-id i8( P GikturingltoPreventsipplage of the samples

mcorgorat ed by reference. The weld line is marked on
dand as can be observed, there is no

appr eci abI e change in orientation of the fibers at the

wel d |ine. General procedure. Exarrpl es 1-9. Partially

consolidated (Note - the rﬁxamglmg and are

(0: 25" THRi LR S ailuenk: (17T heets e sS4t Insopeyied

ofmtaehrn@fémwwsf é‘é/érﬁ&@\e@n%@%é&hmé%ﬁ S8o deINEl 181 kg
ether), available fromE 1. du Pont de Nenmpurs and

Co#oaHbs.) wf k:lamlgmcrfpraBE(%Qm 1108, psi) and ite v thrateauntil mrweld

orasfal ode B paes) (1o SelapPERSRA Bt I
heé(ﬁhévé@CWéléfo@pﬂﬁMa‘s ntfahRived. in the 20 Séo%mldé@rfar
cut é bandsaw i nto suitably sized _squares. All

sawpldiag aed vevy liftigiflash was Reasiusrda TieapIateR Were/pasiy-pried
bury, CT 0681
gag’?ﬂf\? @%%Mwl @QEP%E%%B{? elt 'ogr)a/mpl i tude of

1.78 nm(o 070"). Anti-skid tape vvas used ont he

machi ne platens in lieu of _fixturing to prevent

sl i ppage of the sanples beﬁ!ﬁ;)m&-aed Exanple 1 Two
5.08 c sdda @z"b@f«‘ Sh¥BisSweregiaded h i weldin
wel di n?@ﬁpgéﬁﬁdtg%% f eg R osher eaq’he mach |n\g vvellsg
semat;bundaedm tap oﬂeacrkgth(ect.O(T hebeaghioe wasaael tng:leﬂwec 327 kg

CPRaSBE f arih Br 2y MR oS 2 850 wet

t hééﬂftﬂeié)se‘éaﬁbr%ﬁBth‘ﬁéj T%'v@ld%ﬂad@fﬁeﬁp\ﬁlagﬁf@t pydshed as
20 sec provided for wel ding and ve%r% little

fl smwvmy the dlagb deingrRel °/p|oéﬂ@,tq/tfeh@e@§§m peigt (vs. ~10%

calculated for the 1.27 mm displacement). However, a strong weld was
achieved as demonstrated by the failure to be able to drive a wedge
through the weld. The welded part specific gravity was 1.99 vs. ~2.0 for
the individual plates.

Example 3
Example 2 was repeated except that the clamping force was raised

to 907 kg (2000 Ibs.) (3.45 MPa, 500 psi) followed by a hold at 1.72 MPa
(250 psi) after the vibration stopped in order to allow the weld melt to
freeze under pressure. The full 1.27 mm was achieved as evidence by the
production of flash equal to 10.4% of the total welded part weight.
Displacement (i.e. start of melting at the interface) commenced about 10
sec after the start of vibration. A good weld was achieved with no gaps
around the sides. The welded part specific gravity was 2.01.
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apart and showed only | ocalized areas of nelting.
Exanple 2 Two 5.08 cm square (2"x2") sheets were

w@b@sam3ssn t he wel di ng machi ne on top of each PCTER2007/026224
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The machi ne was set to deliver 327 kg (720 I bs.) of
clanping force ( 1 .24 MPa, 180 psi) to 1.27 mm
(0.050") weld depth, 20 sec vibration tine. The weld

di spl acenent was not reached as shown by the flash

bei ng 2.1% of the total weé apt wei ght (vs. ~10%
calcul ated for the 1.27 n‘m%hcerrent) However, a
strong Vwbdb. maszrmsaua‘ee@")@’) gheersved wdldey thether using a
failure to be a c}f drive avvedgethrought e weld

The01\kg (ﬁ%@o%ﬁ?)t %’BBlﬂgf load 43 4% WPa,R90 pstandsa weldg £ or
t h&sg Pﬁe‘?ﬁ%b{tﬂgﬁéﬂ?&% I.(f?.‘:'?b E%&gg;ﬂﬂoewgld"ﬁés obtained with

repeated excep at the clanpin ce was ral
90ﬂo gap$ 2ixihleldyeund tse éBgé@aExt'éJ&l\;esﬂasH wiabk preduded, .7

| owhviibassd Bnthe (oiar weliht b e Weldst paft. B3ih skciic 12ty

pr®§§l2(@3. The full 1.27 mmwas achi eved as evi dence by
the production of flash equal to 10.4% of the total

wel ded part weight. D splacenent (i.e. start of
melting at the interface) comenced about 10 sec after
the start of vibration. A MREPd was achi eved with

no gapSTﬂbCBJDQ cmg%ga ”szwghéeisdﬁdrdOWérdean@gefhe@ usmga
gravity was e 4 Two 5. cm s&uare

sh\gbtajlmy@lwhuéummmeﬂ Qsenat %\4§va@ Sp0 w50 fplbqwed by

BTRE 808P e Th0 PP 1R oo Ly H€ Ry conrolie, Very
vvaﬁttleﬂtaehm pioduced, 0:3pst. Y6, biubtiee weldiwas igoodeatubeould not
Ext ensjve fl ash was, produced, 5.7 w.% based on the
t oP@Pulied grarthy hapd. V\E?H&P%H—Mgra%}‘ wasre égfi c gravity
was 2.03. Exanple 5

Example 6
Example 5 was repeated except that the vibration time at 3.45 MPa

(500 psi) was extended for 10 to 13 sec. The weld strength was tested by
driving a wedge (cold chisel and hammer) through the weld. Visual
inspection of the separated plates showed failure both along the weld
interface and into the bulk material of one of the plates. This shows that
the weld strength is comparable to the bulk strength of the plates in the
plane of the weld.

Example 7
A 5.08 cm (2”) square, 3.18 cm (1.25") thick block was constructed

by sequential welding of 5 sheets (4 welds). The weld cycle was 14 sec at
3.45 MPa (500 psi) and 10 sec at 689 kPa (100 psi). Total time required
was about 6 min including the 60 sec used after each weld cycle to
exhaust any polymer fume. All four welds appeared visually good.
Estimated flash was 3.5 wt%.



Two 5.08 cm square (2"x2") sheets were wel ded toget her
using a vibration cycle which began with 10 sec at

W@ 2008/00Bes (500 psi) followed by 10 sec at 689 RECHUSD0DV026224
psi). Weld displacenment was not controlled. Very
little flash was produced, 0.3 wt.% but the weld was
good and coul d not be pulled apart by hand. Part
specific gravity was 2.02. Exanple 6 Exanple 5 was
repeated except that the vibration tinme at 3.45 MPa
(500 psi) was extended forém&% sec. The weld

and namulE SRR, ER SDed i Sec JERARekieRl (g 2770 ko,

se@ﬁ@O@tlb)ﬂlqaida(BeS;B MiRayet90f psi) for 24tsech Bhewngld haswisuhlly good
|nte ace an o, the bul k. mat of _one o
5 i tdhe Sreuta S atarUied Wil -2 el PR apecific Gravity was
copmparable to the bulk strength of the plates in the
pl ane of the weld. Exanple 7 A 5.08 cm (2") square,
3.18 cm ( 1.25") thick block was constructed by
sequential welding of 5 sheets 49\/\/el ds). The weld
cycle was 14 sec at 3.45 psi) and 10 sec at

689 kPapkaRple8iwas fePedited eRBeptanat tlh@dN&aScy@lwas@mued
including the 60 sec used after each ycle to

10 exintaidf sgeyatSoB§ Mira K%PSI)\Bndf%eG/\éi @%6 589488@35') The

vmgg) |i§é ‘gl%g%gogc' §1 @teggargé é}?esm%rﬁﬁgﬁn %I%%(t?gpécﬁlc%d was

27 uced (6 Q0O wity). Thisckxad e sNBWlsétBGt weld) tifheris %emmdent of
The wel d was vi sual | ﬁ@e good but the anmount of

G aeen aze PrevSNG Tie PRRIICBEBOPreS IR Pyl BeId capstant
Ex,a?pl s@g&f?@ dﬁfmf%s"‘ﬁ@ 7repeated except that the weld

ed into 14 sec at 3.38 MPa (490 psi)
15 and 10 sec at 676 kPa (98 psi). The



wel d |ine was good in appearance and the anount of

flash produced was reduced to 2.5 wt% This exanple
WQpwse78hat wel d tinme is i ndependent of part aPEHUS109E026224

providing the vibration tinme/pressure cycle is held

constant. Part specific gravity was 1.97. WHAT IS

CLAIMED |'S: 1. A process for formng a part conpri sing

a ) )r a pol ychl orotrifl uoroet hyl ene

|
POk y [ 5] ' '
oty AEbrodsse 1 R, & 3BH doBiihd 8 SeBbrdlotyrh@lore
pepéllypblpccptdﬂyaﬁletwwme pfolfynam, ﬁusf p e se fcomprisireg thepsteps of:
conpri si either a pe uoy 0po r.or.a .
pol ychl Bt r FONASHEE AAALSNEA68|of 2ehTst ARt FomRArising A
second parts S [ i i
par al | eio to gemgﬁgyﬁgi@ﬁﬁggf %ﬁﬁgégg§§%?g§h@bh&
mai nt ai ni ng compaisingoeithverenpediudrdpalymenof aces of said

first and secopd, parts whil e nmovin aid fj rt
and sai @ secBRNCHRIPITHORAIEYIPBR AMTED, aisklizhafsecppd
order to creghftsTohipridififibérs dridredlesbentiallfearara to a
said first and second parts whereby the respective

fl at surfaceplare ef8aid flat strfagas; second parts nelt

first ol solinepund Sonht beRddn SoifHr Yufead Br Saia first
bet ween sai dahbajecort fpaeswhitg ndovirgr®aidfirét sareahd tsaid
allow the flat surfaces of said first and second parts

to cool and &6fend Ped ipfelatippsieto ope anpther inrdsr tg create
claim1l1, wherein.:sai j ' el i

and 1 s done. SETRiLfRHEe) Reat BeBergl tarinedih parts
300 Hz. 3. Tivhepeby tasrespestive fat sirfaces df-said firstraridnsecond
said notion is re etitize a?td IS gone at a frequency

of about 15 PAHsTBeheRAOrSEMNeRZaNA  The process of

ag?/gg{ )2l Mhaking thetRE8OM of S&iaffirSedid 86ComPBHits While
maintaining contact between said flat surfaces for a time
sufficient to allow the flat surfaces of said first and second

parts to cool and adhere to one another.

2. The process of claim 1, wherein said moving is a repetitive motion and
is done at a frequency of about 150 Hz to about 300 Hz.

3. The process of any of claims 1-2, wherein said motion is repetitive and

is done at a frequency of about 15 kHz to about 50 kHz.

4. The process of any of claims 1-3, wherein the fibers are about 5 weight
percent to about 50 weight percent of the parts, based on the total weight

of said fluoropolymer and the fiber in the parts.

5. The process of any of claims 1-4, wherein the fibers are at least about
0.6 cm long.
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percent to about 50 weight percent of the parts, based
on the total weight of said fluoropolyner and the

wo 2879306 t he parts. 5. The process of any of BCHURE07/026224
1-4, wherein the fibers are at | east about 0.6 cm
long.6 . The process of any of clains 1-5, wherein the
first part perfluoropolyner and/or the second part
per fl uoropol yner are copol yners of tetrafl uor oet hyl ene

org, aTHQ'H??@%?Q;?F rﬁ"@; ofl\ﬁbfrﬁé huonaRd B BeSirst part

process o ereln t'he copol yners contaln at
| qwﬂuempmyrgeut amebioc e seéorrcbparaipetﬂudrepdlqmereaiefcopMymers

Bl S BTS2 oy Ber R aoRoR SN prer

containing a perfluorinated alkyl vinyl ether or a
perfluorinated olefin. 9 . The process of any of
clai hbe prec;esm@fr@anm thwhereiptthaicapelyoerd coatais ah ieast 80

oeBHEREF 3R of el Lys BRI tethan rgtdioto
the fibers are one or nore of glass, carbon, or aramd

fibers. 11. The process of ang of cl ai ms 1-10, wherein
t rﬁa Eb@chq-f@r@f ¢laimpbi whergipt e@@p@kqurnszpnepz maueeof a

% rlltglrﬁ?'n ?a Gofhdtel \/f or g perfluorinated
opo yITEr e gane_as e <5 +R

perrléfnuoropol yImer . 13. A part for rred by the process of
any of clainms 1-12.

9. The process of any of claims 1-8, wherein the first and second parts

have a minimum cross-sectional measurement of about 0.3 cm or more.

10. The process of any of claims 1-9, wherein the fibers are one or more

of glass, carbon, or aramid fibers.

11. The process of any of claims 1-10, wherein the second part comprises

perfluoropolymer.

12. The process of claim 11, wherein the first part perfluoropolymer is the

same as the second part perfluoropolymer.

13. A part formed by the process of any of claims 1-12.
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