
68486-WO-PCT ETHYLENE-BASED POLYMER COMPOSITIONS CROSS-REFERENCE TO RELATED
APPLICATIONS Th1Sapplication claims the benefit of U.S. Provisional
Application No. 61/222,371, filed July 1, 2009, and fully incorporated
herein by reference. BACKGROUND OF THE INVENTION There have been many
varieties of polyethylene polymers polymerized over the years, including
those made using high pressure free radical chemistry (LDPE), more
traditional linear low density polyethylene (LLDPE) typically made using
Ziegler-Natta catalysis and metallocene or constrained geometry catalyzed
polyethylene - some linear polyethylenes, but also some substantially
linear polyethylene containing s slight amount of long chain branching.
While these polymers have varying positives and negatives - depending on
application or end-use - more control over the polymer structure is still
desired. We have now found that post-metallocene catalysts can efficiently
polymerize ethylene into polymers and polymer compositions having
controlled comonomer distribution profiles, while also controlling
unsaturation levels in the polymer. BRIEF SUMMARY OF THE INVENTION In one
embodiment, the invention i an ethylene-based polymer composition
characterized by a Comonomer Distribution Constant greater than about 45,
more preferably greater than 50, most preferably greater than 95, and as
high as 400, preferably as high as 200, wherein the composition has less
than 120 total unsaturation unit/ 1,000,00OC. Preferably, the
ethylene-based polymer compositions comprise up to about 3 long chain
branches/ 1000 carbons, more preferably from about 0.01 to about 3 long
cham branches/1000 carbons. The ethylene-based polymer composition can have
a ZSVR of at least 2. The ethylene-ba&ed polymer compositions can be
further characterized by comprising less than 20 vinylidene unsaturation
unit/ 1,000,00OC. The ethylene-based polymer compositions can have a
bimoda! molecular weight distribution (MWD) or a multi-modal MWD. The
ethylene-based polymer compositions can have a comonomer distribution
profile68486-WO-PCT composing a mono or bimodal distribution from 35oC to
120oC, excluding purge. The ethylene-based polymer compositions can compnse
a single DSC melting peak The ethylene-based polymer compositions can
compnse a weight average molecular weight (Mw) from about 17,000 to about
220,000. Fabricated articles comprising the novel polymer compositions are
also contemplated, especially in the form of at least one film layer Other
embodiments include thermoplastic formulations comprising the novel polymer
composition and at least one natural or synthetic polymer. The
ethylene-based polymer composition can be at least partially cross-linked
(at least 5% (weight) gel). In another embodiment, the invention is a
process composing: (A) polymerizing ethylene in the presence of a first
catalyst to form a semicrystalline ethylene-based polymer in a First
reactor or a first part of a multi-part reactor, and (B) reacting the
semi-crystalline ethylene-based polymer with additional ethylene in the
presence of a second catalyst to form an ethylenic polymer in at least one
other reactor or a later part of a multi-part reactor, wherein the catalyst
of (A) and (B) can be the same or different and each is a metal complex of
a polyvalent aryloxyether corresponding to the formula. where M is Ti, Hf
or Zr, preferably Zr, Ar4 independently each occurrence is a substituted C
20 aryl group, wherein the substituents, independently each occurrence, are
selected from the group consisting of aikyl; cycloalkyl, and aryl groups,
and halo-, tphydrocarbylsilyl- and halohydrocarbyl- substituted68486-WO-PCT
derivatives thereof, with the proviso that at least one substituent lacks
copiana pty with the ary! group to which is attached, T4 independently each
occurrence is a C 0 alkylene, cycloalkylene or cycloalkenylene group, or an
inertly substituted derivative thereof, R2' independently each occurrence
is hydrogen, halo, hydrocarfayl, tphydrocarbyls  lyi,
tphydrocarbylsilylhydrocarbyl, alkoxy or di(hydrocarbyl)amino group of up
to 50 atoms not counting hydrogen, R3 independently each occurrence is
hydrogen, halo, hydrocarbyl, tpnydrocarbylsilyl,
tnhydrocarbylsilylhydrocarby], alkoxy or ammo of up to 50 atoms not
counting hydrogen, or two R3 groups on the same arylene nng together or an
R3 and an R2 1 group on the same or different arylene nng together form a
divalent ligand group attached to the arylene group in two positions or
join two different arylene rings together, and 



RD, independently each occurrence is halo or a hydrocarbyl or
tphydrocarbylsilyl group of up to 20 atoms not counting hydrogen, or 2
RDgroups together are a hydrocarbylene, hydrocarbadiyl, diene, or
poly(hydrocarbyl)silylene group, especially where the reaction of step (B)
occurs by graft polymerization. Ln yet another embodiment, the invention
it, a method of characterizing an ethylene based polymer for comonomer
composition distribution (CDC) comprising the following steps (A) Obtain a
weight fraction at each temperature (T) ( 1(T)) from 35 O0C to 119 00C with
a temperature step of 0 20O0C from CEF according Equation 2, 19 0 J j (T)dT
- I Equation 2 35 (B) Calculate the mean temperature (Tmean) at cumulative
weight fraction of 0 500 (Equation 3), Tniewi J W7" (T )dT =0 5 Equation
368486-WO-PCT (C) Calculate the corresponding median comonoraer content in
mole % ( median ) t the median temperature (Tme an) by using comonomer
content calibration curve (Equation 4), 207 26 1n(l - comonomercontent) =
0.5533 Equation 4 273. 12 + R 2 = 0.997 (D) Construct a comonomer content
calibration curve by using a series of reference materials with known
amount of comonomer content, eleven reference materials with narrow
comonomer distribution (mono modal comonomer distribution in CEF from 35,0
to 119.00C) with weight average Mw of 35,000 to 115,000 (by conventional
GPC) at a comonomer content ranging from 0.0 mole% to 7.0mole% are analyzed
with CEF at the same experimental conditions specified in CEF experimental
sections. (E) Calculate comonomer content calibration by using the peak
temperature (Tp) of each reference material and its comonomer content, the
calibration is: R2 is the correlation constant, (F) Calculate Comonomer
Distribution Index from the total weight fraction with a comonomer content
ranging from 0.5*C meijt(m to 1.5* C edian if median is higher than 98.O0C,
Comonomer Distribution Index is defined as 0.95, (G) Obtain Maximum peak
height from CEF comonomer distribution profile by searching each data point
for the highest peak from 35.00C to 119.O0C (if the two peaks are identical
then the lower temperature peak is selected), half width is defined as the
temperature difference between the front temperature and the rear
temperature at the half of the maximum peak height, the front temperature
at the half of the maximum peak is searched forward from 35.O0C, while the
rear temperature at the half of the maximum peak is searched backward from
119.O0C, in the case of a well defined bimodal distribution where the
difference in the peak temperatures being equal to or larger than the sum
of half width of each peak, the half- width of the polymer is calculated as
the arithmetic average of the half width of each peak. (H) Calculate the
standard deviation of temperature (Sidev) according Equation 5:68486-WO-PCT
Stde\ = Equation 5 DETAILED DESCRIPTION OF THE INVENTION In some processes,
processing aids, such as plasticrzers, can also be included n the ethylenic
polymer product. These aids include, but are not limited to, the
phthalates, such as dioctyl phthalate and diisobutyl phthalate, natural
oils such as lanolin, and paraffin, naphthenic and aromatic oils obtained
from petroleum refining, and liquid resins from rosin or petroleum
feedstocks. Exemplary classes of oils useful as processing aids include
white mineral oil such as KAYDOL oil (Chemtura Corp.; Middlebury, Conn.)
and SHELLFLEX 371 naphthenic oil (Shell Lubricants; Houston, Tex.). Another
suitable oil is TUFFLO oil (Lyondell Lubricants; Houston, Tex). In some
processes, ethylenic polymers are treated with one or more stabilizers, for
example, antioxidants, such as IRGANOX 1010 and IRGAFOS 168 (Ciba Specialty
Chemicals; Glattbrugg, Switzerland). In general, polymers are treated with
one or more stabilizers before an extrusion or other melt processes. In
other embodiment processes, other polymeric additives include, but are not
limited to, ultraviolet light absorbers, antistatic agents, pigments, dyes,
nucleating agents, fillers, slip agents, fire retardants, plasticizers,
processing aids, lubricants, stabilizers, smoke 



inhibitors, viscosity control agents and anti-blocking agents. The ethyiemc
polymer composition may, for example, comppse less than 10 percent by the
combined weight of one or more additives, based on the weight of the
embodiment ethylenic polymer. A particular benefit of the claimed polymers
is the absence of catalyst kill agents, other than water, thus eliminating
the need for calcium strearate. The ethylenic polymer produced may further
be compounded. In some ethylenic polymer compositions, one or more
antioxidants may further be compounded into the polymer and the compounded
polymer pelletized. The compounded ethylenic polymer may contain any amount
of one or more antioxidants. For example, the compounded ethylenic polymer
may comprise from about 200 to about 600 parts of one or more phenolic
antioxidants per one million parts of the68486-WO-FCT polymer In addition,
the compounded ethylemc polymer may comprise from about 800 to about 1200
parts of a phosphite based antioxidant per one million parts of polymer The
compounded disclosed ethylemc polymer may further comprise from about 300
to about 1250 parts of calcium stearate per one million parts of polymer
Uses The ethylemc polymer may be employed in a vapety of conventional
thermoplastic fabpcation processes to produce useful articles, including
objects comprising at least one film layer, such as a monolayer film, or at
least one layer in a multilayer film prepared by cast, blown, calendered,
or extrusion coating processes, molded articles, such as blow molded,
injection molded, or rotomolded articles, extrusions, fibers, and woven or
non woven fabrics Thermoplastic compositions comprising the ethylemc
polymer include blends with other natural or synthetic materials, polymers,
additives, reinforcing agents, ignition resistant additives, antioxidants,
stabilizers, colorants, extenders, crosshnkers, blowing agents, and
plasticizers The ethylenic polymer may be used in producing fibers for
other applications Fibers that may be prepared from the ethylemc polymer or
blends thereof include staple fibers, tow, multicomponent, sheath/core,
twisted, and monofilament. Suitable fiber forming processes include
spunbonded and melt blown techniques, as disclosed in U S Patent Nos
4,340,563 (Appel, et al ), 4,663,220 (Wisneski, et al ), 4,668,566 (Nohr,
et al ), and 4,322,027 (Reba), gel spun fibers as disclosed in U S Patent
No 4,413,1 10 (Kavesh, et al ), woven and nonwoven fabrics, as disclosed in
U S Patent No 3,485,706 (May), or structures made from such fibers,
including blends with other fibers, such as polyester, nylon or cotton,
thermoformed articles, extruded shapes, including profile extrusions and
co-extrusions, calendared articles, and drawn, twisted, or cpmped yarns or
fibers Additives and adjuvants may be added to the ethylemc polymer
postformation Suitable additives include fillers, such as organic or
inorganic particles, including clays, talc, titanium dioxide, zeolites,
powdered metals, organic or inorganic fibers, including carbon fibers,
silicon nitride fibers, steel wire or mesh, and nylon or polyester cording,
nano-sized particles, clays, and so forth, tackifiers, oil
extenders,68486-WO-PCT including paraffinic or napthelenic oils; and other
natural and synthetic polymers, including other polymers that are or can be
made according to the embodiment methods. Blends and mixtures of the
ethylenic polymer with other polyolefins may be performed. Suitable
polymers for blending with the embodiment ethylenic polymer include
thermoplastic and non-thermoplastic polymers including natural and
synthetic polymers. Exemplary polymers for blending include polypropylene,
(both impact modifying polypropylene, isotactic polypropylene, atactic
polypropylene, and random ethylene/propylene copolymers), various types of
polyethylene, including high pressure, free-radical LDPE, Ziegler-Natta
LLDPE, metallocene PE, including multiple reactor PE ("in reactor" blends
of Ziegler-Natta PE and metallocene PE, such as products disclosed in U.S.
Patent Nos. 6,545,088 (Kolthammer, et al.); 6,538,070 (Cardwell, et al.);
6,566,446 (Parikh, et al.); 5,844,045 (Kolthammer, et al.); 5,869,575
(Kolthammer, et al.); and 6,448,341 (Kolthammer, et al.)), ethylene-vinyl
acetate (EVA), ethylene/vinyl alcohol copolymers, polystyrene, impact
modified polystyrene, ABS, styrene/butadiene block copolymers and
hydrogenated derivatives thereof (SBS and SEBS), and thermoplastic
potyurethanes. Homogeneous polymers such as olefin plastomers and
elastomers, ethylene and propylene-based copolymers (for example, polymers
available under the trade designation VERSIFY(tm) Plastomers & Elastomers
(The Dow Chemical Company), SURPASS(tm) (Nova Chemicals), and VISTAMAXX IM
(ExxonMobil Chemical Co.)) can also be useful as components in blends
comprising the ethylenic polymer. The ethylenic polymer maybe employed as a
sealant resins. Surprisingly, 



certain SCBD, as shown by CDC, in combination with certain MWD, and a
certain level of long chain branching (LCB) has shown to improve hot tack
and heat seal performance, including increased hot-tack & heat-seal
strength, lower heat seal and hot tack initiation temperatures, and a
broadening of the hot tack window. The ethylenic polymer maybe employed as
a pipe and tubing resin through an optimization of the SCBD and MWD, with
low unsaturation levels for improved ESCR (environmental stress crack
resistance) and higher PENT (Pennsylvania Edge- Notch Tensile Test). The
ethylenic polymer maybe employed in applications where UV stability,
weatherability are desired through an optimization of the SCBD
and68486-WO-PCT MWD, in combination with low unsaturation levels, and low
levels of low molecular weight, high commoner incorporated oligomers The
ethylenic polymer maybe employed in applications where low levels of
plate-out, blooming, die build-up, smoke formation, extractables, taste,
and odor are desired through an optimization of the SCBD and MWD with low
levels of low molecular weight, high commoner incorporated oligomers The
ethylenic polymer maybe employed m stretch film applications Surprisingly,
certain SCBD, in combination with certain MWD, and a certain level of long
chain branching (LCB) shows improved stretchabihty and dynamic puncture
resistance Definitions The term "composition," as used, includes a mixture
of materials which comprise the composition, as well as reaction products
and decomposition products formed from the matenals of the composition The
terms "blend" or "polymer blend," as used, mean an intimate physical
mixture (that is, without reaction) of two or more polymers. A blend may or
may not be miscible (not phase separated at molecular level). A blend may
or may not be phase separated. A blend may or may not contain one or more
domain configurations, as determined from transmission electron
spectroscopy, light scattering, x-ray scattering, and other methods known
in the art The blend may be effected by physically mixing the two or more
polymers on the macro level (for example, melt blending resins or
compounding) or the micro level (for example, simultaneous forming within
the same reactor) The term "linear" refers to polymers where the polymer
backbone of the polymer lacks measurable or demonstrable long chain
branches, for example, the polymer can be substituted with an average of
less than 0 0 1 long branch per 1000 carbons The term "polymer" refers to a
polymeric compound prepared by polymenzing monomers, whether of the same or
a different type The genepc term polymer thus embraces the term
"homopolymer," usually employed to refer to polymers prepared from only one
type of monomer, and the term "rnterpolymer" as68486-WO-PCT defined. The
terms "ethylene/a-olefm polymer" is indicative of interpolymers as
described. The term "interpolymer" refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic
term interpolymer includes copolymers, usually employed to refer to
polymers prepared from two different monomers, and polymers prepared from
more than two different types of monomers. The term "ethylene-based
polymer" refers to a polymer that contains more than 50 mole percent
polymerized ethylene monomer (based on the total amount of polymerizable
monomers) and, optionally, may contain at least one comonomer. The term
"ethylene/a-olefn interpolymer" refers to an interpolymer that contains
more than 50 moie percent polymerized ethylene monomer (based on the total
amount of polymerizable monomers) and at least one a-olefm. The term
"ethylenic polymer" refers to a polymer resulting from the intermoecular
bonding of a crystalline ethylene-based polymer and at least one highly
long chain branched ethylene-based polymer. Resin Production All raw
materials (ethylene, 1-octene) and the process solvent (a narrow boiling
range high-purity isoparaffinic solvent trademarked Isopar E and
commercially available from Exxon Mobil Corporation) are purified with
molecular sieves before introduction into the reaction environment.
Hydrogen is supplied in pressurized cylinders as a high purity grade and is
not further purified. The reactor monomer feed (ethylene) stream is
pressurized via mechanical compressor to above reaction pressure at 750
psig. The solvent and comonomer (1-octene) feed is pressurized via
mechanical positive displacement pump to above reaction pressure at 750
psig. The individual catalyst components are manually batch diluted to
specified component concentrations with purified solvent (Isopar E) and
pressured to above 



reaction pressure at 750 psig. All reaction feed flows are measured with
mass flow meters and independently controlled with computer automated valve
control systems.68486-WO-PCT The continuous solution polymenzation reactors
consist of two liquid full, non-adiabatic, isothermal, circulating, and
independently controlled loops operating in a series configuration. Each
reactor has independent control of all fresh solvent, monomer, comonomer,
hydrogen, and catalyst component feeds. The combined solvent, monomer,
comonomer and hydrogen feed to each reactor is independently temperature
controlled to anywhere between 5C to 500C and typically 400C by passing the
feed stream through a heat exchanger. The fresh comonomer feed to the
polymerization reactors can be manually aligned to add comonomer to one of
three choices: the first reactor, the second reactor, or the common solvent
and then split between both reactors proportionate to the solvent feed
split. The total fresh feed to each polymerization reactor is injected into
the reactor at two locations per reactor roughly with equal reactor volumes
between each injection location. The fresh feed is controlled typically
with each injector receiving half of the total fresh feed mass flow. The
catalyst components are injected into the polymerization reactor through
specially designed injection stingers and are each separately injected mto
the same relative location m the reactor with no contact time prior to the
reactor. The primary catalyst component feed is computer controlled to
maintain the reactor monomer concentration at a specified target. The two
cocatalyst components are fed based on calculated specified molar ratios to
the primary catalyst component. Immediately following each fresh injection
location (either feed or catalyst), the feed streams are mixed with the
circulating polymerization reactor contents with Kenics static mixing
elements. The contents of each reactor are continuously circulated through
heat exchangers responsible for removing much of the heat of reaction and
with the temperature of the coolant side responsible for maintaining
isothermal reaction environment at the specified temperature. Circulation
around each reactor loop is provided by a screw pump. The effluent from the
first polymenzation reactor (containing solvent, monomer, comonomer,
hydrogen, catalyst components, and molten polymer) exits the first reactor
loop and passes through a control valve (responsible for maintaining the
pressure of the first reactor at a specified target) and is injected into
the second polymenzation reactor of similar design. As the stream exits the
reactor it is contacted with water to stop the reaction In addition,
various additives such as anti-oxidants, can be added at this point. The
stream then goes through another set of Kenics static mixing elements to
evenly disperse the catalyst kill and additives.68486-WO-PCT Following
additive addition, the effluent (containing solvent, monomer, comonomer,
hydrogen, catalyst components, and molten polymer) passes through a heat
exchanger to raise the stream temperature in preparation for separation of
the polymer from the other lower boiling reaction components. The stream
then enters a two stage separation and devotatization system where the
polymer is removed from the solvent, hydrogen, and unreacted monomer and
comonomer. The recycled stream is purified before entering the reactor
again. The separated and devolatized polymer melt is pumped through a die
specially designed for underwater pelletization, cut mto uniform solid
pellets, dried, and transferred into a hopper. After validation of initial
polymer properties the solid polymer pellets are manually dumped into a box
for storage. Each box typically holds -1200 pounds of polymer pellets The
non-polymer portions removed in the devolatihzation step pass through
vapous pieces of equipment which separate most of the ethylene which is
removed from the system to a vent destruction unit (it is recycled in
manufacturing units). Most of the solvent is recycled back to the reactor
after passing through purification beds. This solvent can still have
unreacted co-monomer in it that is fortified with fresh co-monomer prior to
re-entry to the reactor. This fortification of the comonomer is an
essential part of the product density control method. This recycle solvent
can still have some hydrogen which is then fortified with fresh hydrogen to
achieve the polymer molecular weight target. A very small amount of solvent
leaves the system as a co-product due to solvent earner in the catalyst
streams and a small amount of solvent that is part of commercial grade
co-monomers68486-WO-PCT68486-WO-PCT Time Ex. 3 Ex. 1 Ex. 2 Run # 08C16R04
08C16R0S 09C05R07V1 3. CATALYST DOC-61 14 1 962124 34 95987 2 309096 



DOC-6114 1 96 34 96 90 86 1 42 MMAO 1. 19 1094 6 97 RIBS-2 0 72 199 DOC-61
14 1 54 76 1 08 1 2 1 MMAO 1 68 1094 6.96 RIBS-2 1 22 199 CAS name for
RIBS-2: Amines, bis(hydrogenated tallow alkyl)methyl, tetrak
is(pentafluorophenyl)borate(1-) CAS name for DOC-61 14 Zirconium, [2,2'"-[1
,3-propaned iylb is(oxy- kO)]b is[3",5,5"-t ps(1 , 1- dimbthyl
qthyt)-5'-methyl[1 ,1' 3',1 "-te f henyl]-2'-olato- kO]]d imethyl-,
(OC-6-33)- MMAO = modified methyl alumi poxane68486-WO-PCT TEST METHODS
Density Samples that are measured for density are prepared according to
ASTM D 1928. Measurements are made within one hour of sample pressing using
ASTM D792, Method B Melt Index Melt index, or , is measured in accordance
with ASTM D 1238, Condition 190 aC/2.16 kg, and is reported in grams eluted
per 10 minutes. I 0 is measured in accordance with ASTM D 1238, Condition
190 0C/ 10 kg, and is reported in grams eluted per 10 minutes. DSC
Crystallinity Differential Scanning Calopmetry (DSC) can be used to measure
the meltmg and crystallization behavior of a polymer over a wide range of
temperature For example, the TA Instruments QlOOO DSC, equipped with an RCS
(refrigerated cooling system) and an autosampler is used to perform this
analysis. Dupng testing, a nitrogen purge gas flow of 50 ml/mm is used.
Each sample is melt pressed into a thin film at about 175 0C; the melted
sample is then air-cooled to room temperature (~25 0C). A 3-10 mg, 6 mm
diameter specimen is extracted from the cooled polymer, weighed, placed in
a light aluminum pan (ca 50 mg), and crimped shut. Analysis is then
performed to determine its thermal properties. The thermal behavior of the
sample is determined by ramping the sample temperature up and down to
create a heat flow versus temperature profile. First, the sample is rapidly
heated to 180 0C and held isothermal for 3 minutes in order to remove its
thermal history. Next, the sample is cooled to -40 0C at a 10 C/minute
cooling rate and held isothermal at -40 0C for 3 minutes. The sample is
then heated to 150 0C (this is the "second heat" ramp) at a 10 C/minute
heating rate. The coolmg and second heating curves are recorded. The cool
curve is analyzed by setting baseline endpomts from the beginning of
crystallization to -20 C. The heat curve is analyzed by setting baseline
endpoints from -20 0C to the end of melt. The values determined are peak
melting temperature (Tm) , peak crystallization temperature (T
),68486-WOPCT heat of fusion (Hf) (in Joules per gram), and the calculated
% crystallinity for polyethylene samples using Equation 2: % Crystallinity
= ((H t)/(292 J/g)) x 100 (Eq 2). The heat of fusion (Hf) and the peak
melting temperature are reported from the second heat curve. Peak
crystallization temperature is determined from the cooling curve. 



Dynamic Mechanical Spectroscopy (DMS) Frequency Sweep Melt rheology,
constant temperature frequency sweeps, were performed using a TA
Instruments ARES rheometer equipped with 25 mm parallel plates under a
nitrogen purge. Frequency sweeps were performed at 190 0C for all samples
at a gap of 2.0 mm and at a constant strain of 10% The frequency interval
was from 0 1 to 100 radians/second. The stress response was analyzed in
terms of amplitude and phase, from which the storage modulus (G'), loss
modulus (G"), and dynamic melt viscosity (h*) were calculated. Gel
Permeation Chromatography (GPC) The GPC system consists of a Waters
(Milford, MA) 150C high temperature chromatograph (other suitable high
temperatures GPC instruments include Polymer Laboratories (Shropshire, UK)
Model 210 and Model 220) equipped with an on-board differential
refractometer (RI). Additional detectors can include an IR4 infra-red
detector from Polymer ChAR (Valencia, Spain), Precision Detectors (Amherst,
MA) 2-angle laser light scattering detector Model 2040, and a Viscotek
(Houston, TX) 150R 4-capillary solution viscometer. A GPC with the last two
independent detectors and at least one of the first detectors is sometimes
referred to a "3D-GPC", while the term "GPC" alone generally refers to
conventional GPC. Depending on the sample, either the 15-degree angle or
the 90-degree angle of the light scattering detector is used for
calculation purposes. Data collection is performed using Viscotek TnSEC
software. Version 3, and a 4-channel Viscotek Data Manager DM400. The
system is also equipped with an on-line solvent degassmg device from
Polymer Laboratories (Shropshire, UK). Suitable high temperature GPC
columns can be used such as four 30 cm long Shodex HT8O3 13 micron columns
or four 30 cm Poiymer Labs columns of 20-micron mixed-pore-size packing
(MixA LS, Polymer Labs). The sample carousel compartment is operated at 140
0C and the column compartment is operated68486-WO-PCT at 150 0C. The
samples are prepared at a concentration of 0.1 grams of polymer in 50
milliliters of solvent. The chromatographic solvent and the sample
preparation solvent contain 200 ppm of butylated hydroxytoluene (BHT). Both
solvents are sparged with nitrogen. The polyethylene samples are gently
stirred at 160 0C for four hours The injection volume is 200 microliters.
The flow rate through the GPC is set at 1 ml/minute. The GPC column set is
calibrated before running the Examples by running twenty-one narrow
molecular weight distpbution polystyrene standards. The molecular weight
(MW) of the standards ranges from 580 to 8,400,000 grams per mole, and the
standards are contained in 6 "cocktail" mixtures. Each standard mixture has
at least a decade of separation between individual molecular weights. The
standard mixtures are purchased from Polymer Laboratories (Shropshire, UK).
The polystyrene standards are prepared at 0.025 g in 50 mL of solvent for
molecular weights equal to or greater than 1.000,000 grams per mole and
0.05 g in 50 ml of solvent for molecular weights less than 1,000,000 grams
per mole. The polystyrene standards were dissolved at 80 0C with gentle
agitation for 30 minutes. The narrow standards mixtures are run first and
in order of decreasing highest molecular weight component to minimize
degradation. The polystyrene standard peak molecular weights are converted
to polyethylene Mw using the Mark-Houwink K and a (sometimes referred to as
a) values mentioned later for polystyrene and polyethylene. See the
Examples section for a demonstration of this procedure. With 3D-GPC
absolute weight average molecular weight ("Mw Abs") and intrinsic viscosity
are also obtained independently from suitable narrow polyethylene standards
using the same conditions mentioned previously. These narrow linear
polyethylene standards may be obtained from Polymer Laboratories
(Shropshire, UK; Part No.'s PL2650-0101 and PL2650-0102). The systematic
approach for the determination of multi-detector offsets is performed m a
manner consistent with that published by Balke, Mourey, et al. (Mourey and
Balke, Chromatography Polym., Chapter 12, (1992)) (Balke, Thitiratsakul,
Lew, Cheung, Mourey, Chromatography Polym., Chapter 13, (1992)), optimizing
triple detector log (Mw and intrinsic viscosity) results from Dow
168368486-WO-PCT broad polystyrene (American Polymer Standards Corp ,
Mentor, OH) or its equivalent to the narrow standard column calibration
results from the narrow polystyrene standards calibration curve The
molecular weight data, accounting for detector volume off-set
determination, are obtained in a manner consistent with that published by
Zimm (Zimm, B H Chent Phys , 16, 1099 (1948)) and Kratochvil (Kratochvil, P
, Classical Light Scattering from Polymer Solutions, Elsevier, Oxford, NY
(1987)) The overall injected concentration used in the determination of the
molecular weight is obtained from the mass detector area and the mass
detector constant denved from a suitable linear polyethylene homopolymer,
or one of the polyethylene standards The 



calculated molecular weights are obtained using a light scattering constant
denved from one or more of the polyethylene standards mentioned and a
refractive index concentration coefficient, dn/dc, of 0 104 Generally, the
mass detector response and the light scattering constant should be
determined from a linear standard with a molecular weight in excess of
about 50,000 daltons The viscometer calibration can be accomplished using
the methods descpbed by the manufacturer or alternatively by using the
published values of suitable linear standards such as Standard Reference
Materials (SRM) 1475a, 1482a, 1483, or 1484a The chromatographic
concentrations are assumed low enough to eliminate addressing 2nd viral
coefficient effects (concentration effects on molecular weight) g' by
3D-GPC The index (g') for the sample polymer is determined by first
calibrating the light scattering, viscosity, and concentration detectors
descpbed in the GeI Permeation Chromatography method supra with SRM 1475a
homopolymer polyethylene (or an equivalent reference) The light scattepng
and viscometer detector offsets are determined relative to the
concentration detector as described in the calibration Baselines are
subtracted from the light scattepng, viscometer, and concentration
chromatograms and integration windows are then set making certain to
integrate al of the low molecular weight retention volume range in the
light scattepng and viscometer chromatograms that indicate the presence of
detectable polymer from the refractive index chromatogram A linear
homopolymer polyethylene is used to establish a Mark-Houwink (MH) linear
reference line by injecting a broad molecular weight polyethylene reference
such as SRM1475a standard, calculating the data file, and recording the
intrinsic viscosity (IV) and molecular weight (Mw), each denved68486-WO-PCT
from the light scattering and viscosity detectors respectively and the
concentration as determined from the RI detector mass constant for each
chromatographic slice For the analysis of samples the procedure for each
chromatographic slice is repeated to obtain a sample Mark-Houwink line.
Note that for some samples the lower molecular weights, the intrinsic
viscosity and the molecular weight data may need to be extrapolated such
that the measured molecular weight and intrinsic viscosity asymptotically
approach a linear homopolymer GPC calibration curve. To this end, many
highly-branched ethylene-based polymer samples require that the linear
reference line be shifted slightly to account for the cont pbution of short
chain branching before proceeding with the long chain branching index (g')
calculation. A g-ppme (g,') is calculated for each branched sample
chromatographic slice (i) and measuring molecular weight (M1) according to
Equation 5: gi* = (IVsample,i IV|ine-r reference j) (Eq. 5), where the
calculation utilizes the IVhnear referencej equivalent molecular weight. MJ
in the linear reference sample. In other words, the sample IV slice (i) and
reference IV slice (j) have the same molecular weight (M1 Mj ) . For
simplicity, the IViinear referencej slices are calculated from a
fifth-order polynomial fit of the reference Mark-Houwink Plot. The IV
ratio, or g,', is only obtained at molecular weights greater than 3,500
because of signal-to-noise limitations in the light scattering data. The
number of branches along the sample polymer (Bn) at each data slice (i) can
be determined by using Equation 6, assuming a viscosity shielding epsilon
factor of 0.75 Finally, the average LCBf quantity per 1000 carbons in the
polymer across all of the slices (i) can be determined using Equation
7:68486-WO-PCT gpcBR Branching Index by 3D-GPC In the 3D-GPC configuration
the polyethylene and polystyrene standards can be used to measure the
Mark-Houwink constants, K and cc, independently for each of the two polymer
types, polystyrene and polyethylene. These can be used to refine the
Williams and Ward polyethylene equivalent molecular weights in application
of the following methods. The gpcBR branching index is determined by first
calibrating the light scattering, viscosity, and concentration detectors as
described previously. Baselines are then subtracted from the light
scattering, viscometer, and concentration chromatograms. Integration
windows are then set to ensure integration of all of the low molecular
weight retention volume range in the light scattering and viscometer
chromatograms that indicate the presence of detectable polymer from the
refractive index chromatogram. Linear polyethylene standards are then used
to establish polyethylene and polystyrene Mark-Houwink constants as
described previously. Upon obtaining the constants, the two values are used
to construct two linear reference conventional calibrations ("cc") for
polyethylene molecular weight and polyethylene intrinsic viscosity as a
function of elution volume, as shown in Equations 8 and 9: 



The gpcBR branching index is a robust method for the characterization of
long chain branching. See Yau, Wallace W., "Examples of Usmg 3D-GPC - TREF
for Polyolefin Characterization", Macromol. Symp., 2007, 257, 29-45. The
index avoids68486 WO PCT the slice-by-slice 3D-GPC calculations
traditionally used in the determination of g values and branching frequency
calculations in favor of whole polymer detector areas and area dot
products. From 3D-GPC data, one can obtain the sample bulk Mw by the light
scattering (LS) detector using the peak area method. The method avoids the
slice-by-slice ratio of light scattering detector signal over the
concentration detector signal as required in the g' determination. M (Eq.
10). The area calculation in Equation 10 offers more precision because as
an overall sample area it is much less sensitive to variation caused by
detector noise and GPC settings on baseline and integration limits. More
importantly, the peak area calculation is not affected by the detector
volume offsets. Similarly, the highprecision sampie intrinsic viscosity
(IV) is obtained by the area method shown in Equation 11: IV =[h] (Eq. I t
) where DP1stands for the differential pressure signal monitored directly
from the online viscometer. To determine the gpcBR branching index, the
light scattering elution area for the sample polymer is used to determine
the molecular weight of the sample. The viscosity detector elution area for
the sample polymer is used to determine the intrinsic viscosity (IV or [h])
of the sample. Initially, the molecular weight and intrinsic viscosity for
a linear polyethylene standard sample, such as SRM 1475a or an equivalent,
are determined using the68486-WO-PCT conventional calibrations for both
molecular weight and intrinsic viscosity as a function of elution volume,
per Equations 12 and 13: cc 1W1M (Eq. 12), and 13). Equation 14 is used to
determine the gpcBR branching index: gpcBR= CC M 1 - 1 (Eq. 14), Mw cc
where [h] is the measured intrinsic viscosity, [h]cc is the intrinsic
viscosity from the conventional calibration, M is the measured weight
average molecular weight, and MW CC is the weight average molecular weight
of the conventional calibration. The Mw by light scattering (LS) using
Equation (10) is commonly referred to as the absolute Mw; while the Mw,cc
from Equation (12) using the conventional GPC molecular weight calibration
curve is often referred to as polymer chain Mw. All statistical values with
the "cc" subscript are determined using their respective elution volumes,
the corresponding conventional calibration as previously described, and the
concentration (C1) derived from the mass detector response. The
non-subscripted values are measured values based on the mass detector,
LALLS, and viscometer areas. The value of KPE is adjusted iteratively until
the linear reference sample has a gpcBR measured value of zero. For
example, the final values for a and Log K for the determination of gpcBR in
this particular case are 0.725 and -3.355, respectively, for polyethylene,
and 0.722 and -3.993 for polystyrene, respectively. Once the K and a values
have been determined, the procedure is repeated using the branched samples.
The branched samples are analyzed using the final68486-WO-PCT Mark-Houwink
constants as the best "cc" calibration values and applying Equations 10 14
The interpretation of gpcBR is straight forward For linear polymers, gpcBR
calculated from Equation 14 will be close to zero since the values measured
by LS and viscometry will be close to the conventional calibration standard
For branched polymers, gpcBR will be higher than zero, especially with high
levels of LCB, because the measured polymer Mw will be higher than the
calculated Mwec, and the calculated IVCC will be higher than the measured
polymer IV In fact, the gpcBR value represents the fractional IV change due
the molecular size contraction effect as the result of polymer branching A
gpcBR value of 0 5 or 2 0 would mean a molecular size contraction effect of
IV at the level of 50% and 200%, respectively, versus a linear polymer
molecule of equivalent weight For these particular Examples, the advantage
of using gpcBR in comparison to the g' index and branching frequency
calculations is due to the higher precision of gpcBR All of the parameters
used in the gpcBR index determination are obtained with good precision and
are not detrimentally affected by the low 3D-GPC detector response at high
molecular weight from the concentration detector Errors in detector 



volume alignment also do not affect the precision of the gpcBR index
determination In other particular cases, other methods for determining M
moments may be preferable to the aforementioned technique Unless otherwise
stated, implicit from the context or conventional m the art, all parts and
percentages are based on weight AU applications, publications, patents,
test procedures, and other documents cited, including ppopty documents, are
fully incorporated by reference to the extent such disclosure is not
inconsistent with the disclosed compositions and methods and for all
jurisdictions m which such incorporation is permitted CEF Method Comonomer
distribution analysis is performed with Crystallization Elution
Fractionation (CEF) (PolymerChar in Spam) (B Monrabal et al. Macromol
Symp68486-WO-PCT 257, 71-79 (2007)). Ortho-dichlorobenzene (ODCB) with
600ppm antioxidant butylated hydroxytoluene (BHT) is used as solvent.
Sample preparation is done with autosampler at 160oC for 2 hours under
shaking at 4 mg/ml (unless otherwise specified). The injection volume is
300 ml . The temperature profile of CEF is: crystallization at 3oC/min from
110 oC to 30 oC, the thermal equilibrium at 30 oC for 5 minutes, elution at
3oC/min from 30oC to 140 oC. The flow rate during crystallization is at
0.052 ml/min. The flow rate during elution is at 0.50 ml/min. The data is
collected at one data point/second. CEF column is packed by the Dow
Chemical Company with glass beads at 125 um 6% (MO-SCI Specialty Products)
with 1/8 inch stainless tubing. Glass beads are acid washed by MO-SCI
Specialty with the request from the Dow Chemical Company. Column volume is
2 06 ml. Column temperature calibration is performed by using a mixture of
NIST Standard Reference Material Linear polyethylene 1475a (l.Omg/rnl) and
Eicosane (2mg/ml) in ODCB. Temperature is calibrated by adjusting elution
heating rate so that NIST linear polyethylene 1475a has a peak temperature
at 101.OoC, and Eicosane has a peak temperature of 30.0oC. The CEF column
resolution is calculated with a mixture of NlST linear polyethylene 1475a
(1.0mg/ml) and hexacontane (Fluka, purum, >97.0%, lmg/ml ). A baseline
separation of hexacontane and NIST polyethylene 1475a is achieved. The area
of hexacontane (from 35.0 to 67.0oC) to the area of NIST 1475a from 67.0 to
1IO.OOC is 50 to 50, the amount of soluble fraction below 35.OoC is <1.8
wt%. The CEF column resolution is defined as: , . Peak temperature of NIST
1475a -Peak Temperature of Hexacontane Resolution = - Half - height Width
of NIST 1475a + Half - height Width of Hexacontane The column resolution is
6.0 CDC Method Comonomer distribution constant (CDC) is calculated from
comonomer distribution profile by CEF. CDC is defined as Comonomer
Distribution Index divided by Comonomer Distribution Shape Factor
multiplying by 100 (Equation 1)68486-WO-PCT _ _ Comonomer Dtstrubution
Index Comonomer Distribution Index . , . CDC = *100 Equation I Comonomer
Distribution Shape Factor Half Width/Stdev Comonomer distribution index
stands for the total weight fraction of polymer chains with the comonomer
content ranging from 0.5 of median comonomer content (Cmedian ) and 1.5 of
Cmedian from 35 0 to 119 OoC. Comonomer Distribution Shape Factor is
defined as a ratio of the half width of comonomer distribution profile
divided by the standard deviation of comonomer distribution profile from
the peak temperature (Tp). CDC is calculated according to the following
steps: Obtain weight fraction at each temperature (T) (W1(T)) from 35.O0C
to 119.O0C with a temperature step of 0.200 0C from CEF according Equation
2. 119 0 n (T)dT = l Equation 2 35 Calculate the mean temperature (Tmean)
at cumulative weight fraction of 0.500 (Equation 3) Tmean (J)dT~0 5
-Equation 3 35 Calculate the corresponding median comonomer content in mole
% (Cme iwn) at the median temperature by using comonomer content
calibration curve (Equation 4). 



207 26 In(I - comonomercontent) = i-O 5533 -Equation 4 273 12+ 7 J? 2 = 0
997 (3i). Comonomer content calibration curve is constructed by using a
series of reference mate pals with known amount of comonomer content.
Eleven reference materials with narrow comonomer distribution (mono modal
comonomer distpbution68486-WO-PCT in CEF from 35.0 to 119.00C) with weight
average Mw of 35.000 to 115.000 (by conventional GPC) at a comonomer
content ranging from 0,0 mole% to 7.0mole% are analyzed with CEF at the
same experimental conditions specified in CEF experimental sections. (3ii).
Comonomer content calibration is calculated by using the peak temperature
(Tp) of each reference material and its comonomer content. The calibration
is: R2 is the correlation constant. Comonomer Distribution Index is the
total weight fraction with a comonomer content ranging from 0.5 *Cme twn to
1.5* Cm .t!ian. If Tmetiim is higher than 98.0 0C, Comonomer Distribution
Index is defined as 0.95. Maximum peak height is obtained from CEF
comonomer distribution profile by searching each data point for the highest
peak from 35.00C to 119.O0C (if the two peaks are identical then the lower
temperature peak is selected) Half width is defined as the temperature
difference between the front temperature and the rear temperature at the
half of the maximum peak height. The front temperature at the half of the
maximum peak is searched forward from 35.O0C, while the rear temperature at
the half of the maximum peak is searched backward from 119.00C. hi the case
of a well defined bimodal distribution where the difference in the peak
temperatures being equal to or larger than 1.1 times of the sum of half
width of each peak, the half- width of the polymer is calculated as the
arithmetic average of the half width of each peak. The standard deviation
of temperature {Stdev) is calculated according Equation 5 : Equation
568486-WO-PCT An example (Ex.3 08C16R04) of comonomer distribution profile
is shown in Figure* 79C 5.01 3 34 1 67 Comonomer content mol% Figure .
Schematic drawings for obtaining peak temperature, half width and median
temperature from CEF.68486-WO-PCT Creep zero shear viscosity measurement
method: Zero-shear viscosities are obtained via creep tests that were
conducted on an AR-G2 stress controlled rheometer (TA Instruments; New
Castle, Del) using 25-mmdiameter parallel plates at 190oC. The rheometer
oven is set to test temperature for at least 30 minutes prior to zeroing
fixtures. At the testing temperature a compression molded sample disk is
inserted between the plates and allowed to come to equilibrium for 5
minutes. The upper plate is then lowered down to 50 mm above the desired
testing gap (1.5 mm). Any superfluous material is trimmed off and the upper
plate is lowered to the desired gap. Measurements are done under nitrogen
purging at a flow rate of 5 L/min. Default creep time is set for 2 hours. A
constant low shear stress of 20 Pa is applied for all of the samples to
ensure that the steady state shear rate is low enough to be in the
Newtonian region. The resulting steady state shear rates are in the range
of 10-3 to 10-4 s-1 for the samples in this study. Steady state is
determined by taking a linear regression for all the data in the last 10%
time window of the plot of log (J(t)) vs. log(t), where J(t) is creep
compliance and t is creep time. If the slope of the linear regression is
greater than 0.97, steady state is considered to be reached, then the creep
test is stopped. In all cases in this study the slope meets the criterion
within 2 hours. The steady state shear rate is determined from the slope of
the linear regression of all of the data points in the last 10% time window
of the plot of U vs. t, where Gis strain. The zero-shear viscosity is
determined from the ratio of the applied stress to the steady state shear
rate. In order to determine if the sample is degraded during the creep
test, a small amplitude oscillatory shear test is conducted before and
after the creep test on the same specimen from 0.1 to 100 rad/s. The
complex viscosity values of the two tests are compared. If the difference
of the viscosity values at 0.1 rad/s is greater than 5%, the sample is
considered to have degraded during the creep test, and the result is
discarded.68486-WO-PCT ZSVR definition. 



Zero-shear viscosity ratio (ZSVR) is defined as the ratio of the zero-shear
viscosity (ZSV) of the branched polyethylene matenal to the ZSV of the
linear polyethylene material at the equivalent weight average molecular
weight (Mw-gpc) as shown in the equation below ZSVR - B , The ZSV value is
obtained from creep test at 190oC via the method described above. The
Mw-gpc value is determined by the conventional GPC method as described
above. The correlation between ZSV of linear polyethylene and its Mw-gpc
was established based on a sepes of linear polyethylene reference materials
A description for the ZSV-Mw relationship can be found in the ANTEC
proceeding Karjala, Teresa P , Sammler, Robert L ; Mangnus, Marc A.,
Hazlitt, Lonnie G ; Johnson, Mark S., Hagen, Charles M , Jr , Huang, Joe W.
L., Reichek, Kenneth N. Detection of low levels of long-chain branching in
polyolef ns. Annual Technical Conference - Society of Plastics Engineers
(2008), 66th 887-891. IH NMR method 3.26 g of stock solution is added to 0
133 g of polyolefin sample in 10 mm NMR tube. The stock solution is a
mixture of tetrachloroethane-d2 (TCE) and perchloroethylene (50:50, w:w)
with 0.001M Cr3+. The solution m the tube is purged with N2 for 5 minutes
to reduce the amount of oxygen. The capped sample tube is left at room
temperature overnight to swell the polymer sample. The sample is dissolved
at 1lOoC with shaking. The samples are free of the additives that may
contribute to unsaturation, e g. slip agents such as erucamide. The IH NMR
are run with a 10 mm cryoprobe at 120oC on Bruker AVANCE 400 MHz
spectrometer. Two expepments are run to get the unsaturation. the control
and the double presaturation expepments.68486-WO-PCT For the control
expepment, the data is processed with exponential window function with LB=I
Hz, baseline was corrected from 7 to -2 ppm The signal from residual IH of
TCE is set to 100, the integral Itotal from -0 5 to 3 ppm is used as the
signal from whole polymer in the control experiment The number of CH2
group, NCH2, in the polymer is calculated as following NCH2=  total/2 For
the double presaturation expepment, the data is processed with exponential
window function with LB=I Hz, baseline was corrected from 6 6 to 4 5 ppm
The signal from residual IH of TCE is set to 100, the corresponding
integrals for unsaturations (Ivinylene, Itpsubstituted, Ivinyl and
Ivmyhdene) were integrated based on the region shown in the following
Figure. The number of unsaturation unit for vinylene, tpsubstituted, vmyl
and vmyhdene are calculated Nvmylene=Nvinylene/2 Nvinyl=Ivrnyl/2
Nvinylidene= Ivtnyhdene/2 The unsaturation unit/ 1,000,000 carbons is
calculated as following Nvinyiene/l,000,000C = (Nvinylene/NCH2)* 1.000,000
Ntpsubstituted/l,000,000C = (Ntpsubstituted/NCH2)* 1,000,000
Nvinyl/l.OOO.OOOC = (Nvinyl/NCH2)* 1,000,000 Nvinyhdene/l,000,000C =
(Nvmylidene/NCH2)* 1,000,000 The requirement for unsaturation NMR analysis
includes level of quantitation is 0 47  0 02/1,000,000 carbons for Vd2 with
200 scans (less than 1 hour data acquisition including time to run the
control expepment) with 3 9 wt% of sample (for Vd2 structure, see
Macromolecules, vo 38, 6988, 2005), 10 mm high temperature cryoprobe The
level of quantitation is defined as signal to noise ratio of
10.68486-WO-PCT The chemical shift reference is set at 6.0 ppm for the IH
signal from residual proton from TCT-d2. The control is run with ZG pulse,
TD 32768, NS 4, DS 12, SWH 10,000 Hz, AQ 1.64s, D l 14s. The double
presaturation experiment is run with a modified pulse sequence , O1P 1.354
ppm, O2P 0.960 ppm, PL9 57db, PL21 70 db, TD 32768, NS 200, DS 4, SWH
10,000 Hz, AQ 1.64s, Dl 1 s, D13 13s.68486-WO-PCT Vinyi368486-WO-PCT ;lclp
f z prosol Mnclude <Avance.incl> "dl2=20u" "dll=4u" l ze dl2pl21:f2 2 30m 



dl3 dl2pl9:fl dl cw:fl ph29 cw:f2 ph29 dll do.-fl do:b dl2pll:fl p i phi
go=2ph31 30m me #0 to 2 F0(zd) exit phl=0 2 2 0 1 3 3 1 ph29=0 ph31=0 2 2 0
1 3 3 1 Figi posi Vinyl idene68486-WO-PCT Gel Content Gel content is
determined in accordance to ASTM D2765-O1 Method A in xylene The sample is
cut to required size using a razor blade Film Testing Conditions The
following physical properties are measured on the films produced  Total
(Overall), Surface and Internal Haze Samples measured for internal haze and
overall haze are sampled and prepared according to ASTM D 1003 Internal
haze was obtained via refractive index matching using mineral oil on both
sides of the films A Hazegard Plus (BYK-Gardner USA, Columbia. MD) is used
for testing Surface haze is determined as the difference between overall
haze and internal haze as shown in Equation 2 Surface haze tends to be
related to the surface roughness of the film, where surface increases with
increasing surface roughness The surface haze to internal haze ratio is the
surface haze value divided by the internal haze value as shown in Equation
3 Haze = Internal Haze + Surface Haze (Eq 2) S/I Surface Haze/Interna Haze
(Eq 3)  45 Gloss ASTM D-2457  MD and CD Elmendorf Tear Strength ASTM D-1922
MD and CD Tensile Strength ASTM D-882  Dart Impact Strength ASTM D 1709
Puncture Strength Puncture is measured on a Instron Model 4201 with Sintech
Testworks Software Version 3 10 The specimen size is 6" x 6 and 4
measurements are made to determine an average puncture value The film is
conditioned for 40 hours after film production and at least 24 hours in an
ASTM controlled laboratory A 100 Ib load cell is used with a round specimen
holder 12 56" square The puncture probe is a W diameter polished stainless
steel ball with a 7 5"' maximum travel length There is no gauge68486-WOPCT
length, the probe is as close as possible to, but not touching, the
specimen. The crosshead speed used is 10'Vminute The thickness is measured
m the middle of the specimen The thickness of the film, the distance the
crosshead traveled, and the peak load are used to determine the puncture by
the software. The puncture probe is cleaned using a "Kim-wipe" after each
specimen 10 15TITLE OF THE INVENTION PROCESS FOR MAKING A COMPOSITE FIELD
OF THE INVENTION The field of the invention encompasses a process for the
production of composites containing reinforcing fiber and a polymer,
particularly comprising graphite fiber and fluoropolymer. BACKGROUND OF THE
INVENTION Composite articles comprising or consisting of a polymer (usually
a continuous phase, and possibly comprising fluoropolymer(s) and fibers
(such as glass fibers, carbon fibers, and graphite fibers) are well known
in the art. The addition of fiber to a matrix polymer can improve certain
properties of the polymer. These properties can include creep resistance,
tensile strength and modulus, and flexural strength and modulus. The
reinforcing fiber chosen generally has a higher tensile modulus and
strength than the polymer alone. When a fluoropolymer is used as the matrix
polymer, as described herein, the resulting composite often has many of the
attributes of fluoropolymers such as high temperature resistance and
chemical resistance, which make such 



composites useful as parts, for example, for the chemical processing
industry. It is among the objects of this invention to provide a method for
the production of such polymer composites that exhibit improved properties
and to provide articles made by the method. Background information
regarding producing composites of polymer and fiber or fibers can be found
in Polymeric Materials Encyclopedia, by Joseph C. Salamone (July 23, 1996),
ISBN-10: 084932470X, ISBN-13: 978- 0849324703 pages 8327-8343. Some
background in double-belt press lamination is found in "Modelling of heat
transfer in thermoplastic composites manufacturing: double-belt press
lamination" by A. Trende, B. T. Astrom, A. Woginger, C.Mayer, M. Neitzel,
in Composites Part A: Applied Science and Manufacturing, Volume 30, Issue
8, August 1999, Pages 935-943. Known related methods and articles include
but are not necessarily limited to United States Patent No. 5,470,409 to
Deakyne et al., issued November 28, 1995, entitled "Process for making
fluoropolymer composites," United States Patent No. 5,232,975 to Deakyne,
issued August 3, 1993, entitled "Preconsolidation process for making
fluoropolymer composites," United States Patent No. 4,163,742 to Mansure,
issued August 7, 1979, entitled "Process and product prepared from
tetrafluoroethylene polymer and graphite fibers," United States Patent No.
5,427,731 to Chesna et al., issued June 27, 1995, entitled "Compression
molding of structures," and United States Patent No. 7,01 1, 1 11 to Spiegl
et al., issued March 14, 2006, entitled "Sealing elements for compressor
valves". Additional known related methods and articles include but are not
necessarily limited to United States Patent No. 5,759,927 to Meeker, issued
June 2, 1998, entitled "Glass-fiber-containing non-woven polymer web, and
process for preparing same," and United States Patent No. 5,460,764 to
Held, issued October 24, 1995, entitled "Method and apparatus for making
highly densified sheets". There remains a need for any one or combinations
of improvements in these fields, including but not limited to: a simplified
process of manufacture; a robust and/or reproducible process of manufacture
that can produce robust and/or reproducible product; a process to produce
an article of increased density; an article of increased density; a process
to produce products having fewer metal, metallic, ionic, or related
impurities, particularly for processes that include a solvent or water; a
process for using fibers that preserves fiber length; a process to produce
product having a uniform property throughout a useful volume; any process
to produce a composite product having a directional property (such as
tensile strength, compressive strength, or elongation to break) that is
uniform or superior regardless of the direction ofmeasurement (or uniform
or superior in one direction, or uniform or superior in two orthogonal
directions), and the like. These improvements are sought in areas where
composite articles are used, e.g. equipment for semiconductor manufacture,
in aircraft parts, in automotive parts, in gaskets, in seals, and the like.
BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 shows schematically some mattes
of the known art. Figure 2 shows elevation views of a matte and two
composite articles according to the present disclosure. SUMMARY OF THE
INVENTION A method for making a composite article of density Dc comprising
polymer and fibers, said method comprising: providing a first matte
comprising: about 1 to about 90 weight percent fiber and about 10 to about
99 weight percent polymer, said first matte having a density, Dm, less than
Dc, wherein said polymer has a softening temperature; densifying by
compression said matte to a density greater than 1. 1 times Dm and less
than 0.999 times Dc while at least a portion of said matte is at a
temperature less than said softening temperature, to provide a compressed
matte; heating said compressed matte throughout to a temperature greater
than said softening temperature while at a consolidated density greater
than 1. 1 times Dm and less than 0.999 times Dc, to provide a
preconsolidated matte; cooling at least a portion of said preconsolidated
matte to a temperature less than said softening temperature, to provide a
consolidated 



matte;stacking heightwise a plurality of said consolidated matte to provide
an unconsolidated article; consolidating said unconsolidated article by
compressing the height of said unconsolidated article and heating
throughout to a temperature greater than said softening temperature, to
provide a consolidated composite article; and cooling at least a portion of
said consolidated composite article to a temperature less than said
softening temperature. DETAILED DESCRIPTION OF THE INVENTION Disclosed
herein is a method for making a composite article of density Dc comprising
polymer and fibers. The method disclosed herein comprises providing a matte
comprising: about 1 to about 9 1weight percent fiber and about 9 to about
99 weight percent of said polymer. The matte has a density of Dm, and is
less than Dc, wherein said polymer has a softening temperature. The matte
is densified by compressing the matte to a that is density greater than 1.
1 times Dm and less than 0.999 times Dc, while at least a portion of the
matte is at a temperature less than said softening temperature, to provide
a compressed matte. Thereafter the compressed matte is heated throughout to
a temperature greater than said softening temperature while at a
consolidated density greater than 1. 1 times Dm and less than 0.999 times
Dc, to provide a pre-consolidated matte. At least a portion of the
pre-consolidated matter is cooled to a temperature less than said softening
temperature, to provide a consolidated matte. The next step is stacking
heightwise a plurality of the consolidated matte to provide an
unconsolidated article. The unconsolidated article is then consolidated by
compressing the height of said unconsolidated article and heating it
throughout to a temperature greater than said softening temperature, to
provide a consolidated composite article. At least a portion ofthe
consolidated composite article is cooled to a temperature that is less than
said softening temperature. In certain embodiments, the invention can
combine elements known to the art in a new manner to achieve one or more
unexpected or unpredictable results, including, possibly, unexpected or
unpredictable combinations of results. Single elements of such art may
include US Patents 5506052, 6066395, 20090062426, 7094468, 7150913,
5589055, 4420512, 4975321 , 4555446 , 52272385, 4448910, 4,455,343,
20070082199, 64441 87, 4,448,91 1, or 5236982 or combinations thereof; the
disclosure of all of which is incorporated herein by reference. Density of
composite articles can be determined by ASTM D 792 - 08 Standard Test
Methods for Density and Specific Gravity (Relative Density) of Plastics by
Displacement. Thickness of mattes can be determined by TAPPI T41 1
Thickness (Caliper) of Paper, Paperboard and Combined Board, and weight per
volume can be determined by cutting an area of known size (e.g. 16 cm by 16
cm) and thickness as determined by TAPPI T41 1, and weighing that known
volume of matte. A typical matte of polymer flake or particles and fibers
(17 of figure 1A or 1T of figure 1B) or a composite article may have a
density of about 0.2 g/mL or less to about 1.9 g/mL or more, depending
somewhat on the weighted density of the polymer and fibers used. A typical
consolidate matte of polymer flake, or particles, combined with fibers
(17'" of figure 1C) should have a density greater than the matte it was
made from, and may have a density of about 0.3 g/mL to about 2.9 g/mL,
depending somewhat on the weighted density of the polymer and fibers used.
Figures 1A-D represent the prior art and aid in the understanding the
invention. Figure 1A shows a matte 17 comprising polymer particles 102 and
fibers 101 situated between two platens 60,62. Release films 6 1,63 can
optionally be placed between two platens 60, 62 and the matte 17 composed
of fibers 101 and polymer particles 102, or the platens can optionally
otherwise be treated to preventsticking of the matte to a platen. The matte
17 can optionally be initially under low contact pressure from the platens
as heat is applied to the mattes, for example through the platens. The
polymer particles will soften and typically change shape upon exceeding the
softening temperature of the polymer. Figure 1B illustrates a matte that
can be obtained as the temperature exceeds the softening temperature and as
the formation of beads 102 on (optionally wetting) the fibers within the
layer 17'. Not all the original polymer particles need be heated above
their softening temperature. Pressure can be applied to platens 60,62
causing the height of the matte to decrease 



(optionally densifying or compressing it) as illustrated in Figure 1C for
the change in density, for a matte densified throughout at a temperature
uniformly higher than the polymer softening temperature to give a
consolidated matte 17". The matte as illustrated is in a relatively
unconstrained state at the edges of the platens, i.e., in the in-plane
directions, therefore the fibers can be moved, along with the polymer, in
those directions, giving the fibers an arrangement more perpendicular to
the height direction of the matte (the height direction being the z
direction) and more parallel to the platen surfaces. Since the
polymer-fiber mix can be unconstrained in-plane during any densification,
there need be no compression forces perpendicular to the z axis, and
buckling need not occur. The consolidated matte can optionally be cooled
under pressure, particularly to below the softening temperature. This same
sequence of events can be achieved on a continuous basis using a heated
belt press or similarly a heating zone and nip rolls. The process can
include the polymer being heated above the softening temperature at some
point; this can occur before or after the application of pressure that
produces significant densification. The composite can be cooled under
pressure. Belt press pre-consolidation matte or (debulked plies) result in
a very flat product versus the incumbent platen press
pre-consolidated/debulking plymethod. Very flat plies eases the ability to
load debulked plies for molding steps. Significant densification is meant
to describe densification to a density less than or equal to a desired
density and yet equal to or more than 10% greater than initial density. For
example, if initial density of a matte is about 0.586 g/mL and the desired
density of a composite article made from a single matte or a stack of such
mattes is 2.1 g/mL, then 50% densification for a preconsolidated matte is a
density of 0.586+ [0.50 * (2.1-0.586)] = 1.343 g/mL. A consolidated matte
17" of figure 1C can be further consolidated as above to form a more
densified matte or composite article 17"' of figure 1D. The apparatus used
for further consolidation may be the same or different than that used for
the initial densification. Figure 2 shows elevation views of an oriented
matte and two composite articles comprising such oriented mattes. Figure 2A
shows an oriented matte 2001 ; for clarity, fibers are shown as imbedded. A
coordinate axis set x-y-z 2002 is defined so that the height of the matte
is oriented parallel to the z axis. Since fibers 2003 are aligned, on
average, along one direction perpendicular to the z axis, one can assign
that direction to correspond to the x axis. Perpendicular to z and x axes
is the y axis. The matte illustrated in Figure 2A has been cut from a
larger matte, to make two cut faces (2006 and 2007) parallel to the z axis,
and parallel to the y and x axes respectively. By such cutting, an observer
can note that fibers 2004 can be cut with relatively circular cross section
by the xz face 2006, and fibers 2005 can be cut with relatively elliptical
cross section (or ultimately nearly a parallelogram) by the xz face 2006.
Figure 2B shows a portion of an oriented composite article that can be made
by stacking mattes corresponding to figure 2A. The composite article
illustrates mattes (e.g. 2022, 2023) can have different orientations, such
as an orientation with each z axis parallel (heightwise stacked), and the
fiberorientation of each immediately adjacent and contacting matte being at
right angles. If a matte is made by consolidating two thin mattes with
fiber orientation stacked at right angles, such a matte or analogous mattes
can be stacked with each z axis parallel (heightwise stacked), to obtain a
composite article of Figure 2B. Note that if a matte is made by
consolidating two mattes with fiber orientation stacked at parallel to give
a thicker matte, such a consolidated matte or analogous mattes can not,
apparently, be stacked with each z axis parallel (heightwise stacked), to
obtain a composite article of Figure 2B. Figure 2C shows a portion of an
oriented composite article 2030 that can be made by stacking mattes
corresponding to figure 2A (e.g., 2031 and 2032). Note the grouping of
pluralities of mattes into groups (2037, 2039, 2035, where the plurality is
a triplet of mattes). Some mattes are oriented parallel, some are oriented
at right angles. This composite article shows a pattern of stacking that
can be termed an orientation pattern of 0, 0, 0, 90, 90, 90 degrees. A
matte can be prepared by any known techniques. For instance, 



using a paper making process, fibers can be mixed with a polymer to form a
mixture or slurry. Any mixing means may be used, but preferably the fibrous
components are mixed at about a 0.001 % to 5% consistency or solids content
(e.g. comprising 0.01-5 parts solids to 99.009-95 parts aqueous solution or
water). The slurry may then be diluted with water to enhance formation, and
it may finally be flocculated with flocculating agent and drainage
retention aid chemicals. Then, the flocculated mixture or slurry may be
placed onto a paper making machine to be formed into a wet matte, possibly
with orientation of fibers or without orientation of the fibers, possibly
oriented in the direction of movement of the matte during the paper making
process, or perpendicular to that direction. Alternatively, the matte may
be formed by vacuum casting the slurry or other methods. Mattes can be
formed by dewatering a slurry, for example using a belt press. A belt press
manufacturer is Bright Technologies,Hopkins, Michigan. Mattes can be dried,
for example in ovens, on rotating drums, or by moving air. For a more
detailed description of some standard paper making techniques that can be
employed, see U.S. Pat. No. 3,458,329, the disclosure of which is
incorporated herein by reference. Densifying can be carried out by
compression or other known methods, which may be upon one or more axes,
simultaneously or consecutively. The axes may be mutually orthogonal, such
as x , y, and z axes. Mattes may have any convenient dimensions of length,
width, or height. Mattes can be more than 1 cm in height, or less than 0.8,
0.6, 0.4, 0.2, 0.1 , 0.05, or 0.01 cm in height. In the method of the
present invention the first matte may be a plurality of thin mattes, which
is fewer than twenty or a heightwise stack of a plurality of thin mattes,.
Densification can be carried out at pressures as low as 100 kPa, and as
high as 100 MPa, and at interval pressures between about 10OkPa and about
100MPa. Densification in the method of the present invention can be
achieved with a belt press, a platen press, or calendar press.
Densification, heating, cooling, or combinations of such can be carried out
from about 0.1, 1, 2, 5, 10, 20, 100 minutes or many hours, up to about 135
hours, or more. Any method of densifying can, and may, break at least some
of the fibers during processing. Accordingly the length of the fibers can
be reduced. It is usually advantageous to maintain a high fiber length, but
this goal may be advantageously compromised for certain applications if
other properties of the composite article are improved. A matte may be made
by other means, such as dry air laying optionally with polymer particles
present. A matte may be densified by dry needling. Some aspects of matte
technology are presented in US Patent 6855298, the disclosure of which is
incorporated herein by reference.The polymer of the invention can be a
fluoropolymer and any polymer of the invention can comprise repeat units or
monomers of tetrafluoroethylene, perfluoro (alkoxyalkane) of 3 to 14 carbon
atoms such as perfluoro(vinyl propyl ether), hexafluoropropylene,
chlorotrifluoroethylene, ethylene, propylene, or combinations thereof
(copolymers). Any polymer of the invention can optionally flow upon
heating, particularly above the polymer melting point or glass transition
temperature (Tg). The polymer can optionally wet the fibers, particularly
after softening. In a copolymer of any collection of monomers, the content
of any comonomer can vary from about 10 to 99 weight percent of the
polymer. Any polymer of the invention can be a thermoplastic, a thermoset,
or mixtures or blends thereof. Any polymer of the invention can be
cross-linkable or crosslinked. Any composition of the invention can
comprise a cross-linker. Any repeat unit or monomer of the polymer can
comprise 0.001 to 99.999 weight percent of the polymer. The softening
temperature of the polymer is a temperature at which the polymer can be
slowly but permanently deformed typically without breaking, chipping, or
separating. Examples of the softening temperature include the melting
point, the lowest temperature of a melting range, the highest temperature
of a melting range, or the glass transition temperature. Particles are
small pieces or parts, or tiny portions or flecks. Particles can be
free-flowing or stuck to fibers. Types of particles include flakes, grains,
shreds, fragments, crumbs, chips, pellets, specks, shavings, etc. Fibers
include, but are not limited to, those composed of: glass; 



graphite; carbon; fluorinated graphite; aramid such as
poly(pphenyleneterephthtalamide); boron nitride; silicon carbide;
polyester; and polyamide. Carbon, graphite and fluorinated graphite fibers
are preferred fibers. Fibers of the present disclosure can also be chopped.
The median length of the fibers can be longer or shorter or the same as the
median height of the matte containing the fibers.Fibers may be sized as
known in the art. Sizing may comprise, for example, epoxy resins or
polymers, urethane-modified epoxy resins or polymers, polyester resins or
polymers, phenol resins or polymers, polyamide resins or polymers,
polyurethane resins or polymers, polycarbonate resins or polymers,
polyetherimide resins or polymers, polyamideimide resins or polymers,
polystylylpyridine resins or polymers, polyimide resin, bismaleimide resins
or polymers, polysulfone resins or polymers, polyethersulfone resins or
polymers, epoxy-modified urethane resins or polymers, polyvinyl alcohol
resins or polymers, polyvinyl pyrrolidone resins or polymers, resins or
polymers and mixtures thereof. Sizings may be solvent compatible or water
compatible, and may be solvent soluble or water soluble.
Polyvinylpyrrolidone (PVP), a known sizing agent, is a water-soluble
polymer made from the monomer N-vinylpyrrolidone. Known sizing agents are
disclosed in US Pub. 20080299852; U.S. Pat. Nos. 5,393,822 and 7,135,516.
In the method of the present invention it is preferred that the composite
article contains a total of less than 2000 nanomoles per gram of sodium,
potassium, calcium, and aluminum, either individually or less than 2000
nanomoles of sodium, potassium, calcium, and aluminum combined. It is most
preferred that the composite article contains less than 10 nanomoles per
gram of aluminum. One process for the production of a polymer-fiber
composite comprises co-dispersing-thin polymer flakes having some irregular
fibular structure extending from an irregular periphery. The flakes, or the
codispersed flakes and fiber in water, used to make a matte by paper-making
techniques, can have a Canadian Standard Freeness of greater than 200 up to
the Freeness test maximum of 2000. The flakes, or the co-dispersed flakes
and fiber in water, used to make a matte by paper-making techniques, can
have settling times of from 1 to 13 000 seconds or more. Settling time is
measured, optionally with the fiber content ratio by weight to be used in a
matte, in an aqueous solution (i.e., less than 1% based on weight of
polymersolids suitable to form an apparently homogeneous slurry appropriate
for feeding to a screen to ultimately form a matte, observed until such
time a new layer is formed on the bottom or the top discernable to the
naked eye). Settling time can be greater than from about to 2 to about 12
000 seconds. In any embodiment, removing most water from matte to form a
wet matte; removing more water from the layer to form a dry matte; drying
the layer to form a self-supporting planar matte; optionally thermally
tacking the web to improve dry strength for handling and preconsolidating
said matte by heating said matte above the polymer melt temperature to form
a different matte, then applying sufficient pressure normal to the plane of
said matte to cause the polymer to flow to form a preconsolidated matte;
and cooling that matte. The aqueous slurry can be substantially free of
other constituents. The fiber content in the composite of the present
invention is from about 1 to 90 weight percent fiber. Suitable belt presses
are well known, for example in US Patents 3,159,526; 3,298,887; 4,369,083;
5,1 12,209; 5,433,145; 5,454,304; 5460764, 5,520,530; 5,546,857; 5,555,799;
5592874; 5759927; 5,895,546 each of which is hereby incorporated by
reference in their entirety. A manufacturer of suitable belt presses,
particularly isobaric double belt presses, is Held Technologie GmbH,
Germany. A manufacturer of double belt systems useful for fiber reinforced
thermoplastics is Berndorf Band GmbH of Austria. Suitable platen presses
are well known, for example US Patent 5,775,214, 5,253,571 , 5,323,696 and
5,333,541 each of which is hereby incorporated by reference in their
entirety. Manufacturers of suitable presses include Maschinenfabrik Herbert
Meyer GmbH in Germany (vertical presses or laminating presses, e.g. models
APV, Fusing Press AHV-Bm, or AHV-S with up to 20 tons pressure and heating
plates up to 673 K). Suitable methods of applying alternating stages of
compression and heating are known, for example US Patent 6,287,410 each of
which is hereby incorporated by reference in their entirety.Suitable
methods of applying heat include but are not limited to contacting a matte
or composite article with a hot surface (e.g. conduction); 



using a hot gas jet (e.g. convection); and using radiation (e.g. infrared
or microwave radiation). Densification methods are well known, for example
in US Patents 6,032,446 each of which is hereby incorporated by reference
in their entirety. Consolidation can be carried out under the same
conditions as densification. In addition, heating to a temperature above
the softening temperature or heating to a temperature below the softening
temperature, or both in various combinations as known in the art, can be
carried out optionally as defined herein, during consolidation.
Accordingly, one can make a composite article of density Dc comprising
polymer and fibers, said method comprising by providing a first matte. The
first matte may be a matter comprised of thin mattes. In either case the
matte comprises 1 to 91weight percent fiber" and "9 to 99 weight percent
polymer. The first matte having a density of Dm is less than Dc. The first
matte of the present invention may comprise disk refined polymer so as to
provide flakes having an irregular periphery with an irregular microfibular
structure extending therefrom. Thereafter one may co-disperse the polymer
flakes with said fibers in an aqueous solution to provide a slurry (having
a Canadian Standard Freeness value), and feeding the slurry to a screen to
provide a layer of said flake and fiber combination, and removing water
from said layer. The first matte is densified by compressing to a density
greater than 1.1 times Dm and less than 0.999 times Dc while at least a
portion of the first matte is at a temperature less than said softening
temperature. This will provide a compressed matte. Thereafter, the
compressed matte is heated throughout to a temperature greater than the
softening temperature of the polymer, while at a consolidated density
greater than 1.1 times Dm and lessthan 0.999 times Dc. This will provide a
preconsolidated matte, which is then cooled, or a least a portion is cooled
to a temperature less than said softening temperature of the polymer to
provide a consolidated matte. A plurality of consolidated matte is then
stacked heightwise to provide an unconsolidated article. The height of the
unconsolidated article is compressed and heated throughout to a temperature
greater than the polymer softening temperature, to provide a consolidated
composite article. At least a portion of the consolidated composite article
is cooled to a temperature less than the softening temperature of the
polymer. Disclosed herein is a method for making an composite article with
orientation, by preconsolidating said stack by: heating said stack to above
the melt temperature of the polymer, then applying sufficient pressure
normal to the plane of the matte while the matte is unconstrained in the
in-plane direction to cause the fluoropolymer to flow orienting the fibers
in substantially the plane of the layer by means of said flow to form a
preconsolidated sheet; Composite articles can be used for chucks, for
example spin chucks used in coater chambers to hold wafers, or for CMP
chucks for holding wafers or polishing pads during chemical mechanical
polishing (CMP). Particularly preferred are chucks which are rotated about
their z axis at high rates of speed, where strength in the x-y plane of the
composite allows higher diameters or higher rates of speed to be used,
allowing for larger chucks or larger wafers or faster processing or more
robust processing. Also preferred in chucks are composites that resist
deformation, thereby holding the wafer in a planar position for precision
processing. Cleanliness (e.g. low metal content, low or slow elution of
metal or ions) in composites is also prized in semiconductor manufacturing
articles, including in spin, rinse, and dry modules and chucks. Composites
are valued as a support structure for the semiconductor wafer, e.g., such
support structures also known as wafer chucks, susceptors, or wafer
pedestals. Semiconductor manufacturing articles are well known, for example
in US Patents 7357842; 20090033898;5451784; 5824177; 5803968; and 6520843
each of which is hereby incorporated by reference in their entirety.
Composite articles are useful in sealing elements, for example in
compressor valves as disclosed in US Patent 7,01 1,1 11; each of which is
hereby incorporated by reference in their entirety. The present invention
is useful in at least one, or a combination, of (including but not limited
to): a simplified process of manufacture; a robust and/or reproducible
process of manufacture that can produce robust and/or reproducible product;
a process to produce an article of increased density; an article of
increased density; a process to produce products having fewer 



metal, metallic, ionic, or related impurities, particularly for processes
that include a solvent or water; a process for using fibers that preserves
fiber length; a process to produce product having a uniform property
throughout a useful volume; any process to produce a composite product
having a directional property (such as tensile strength, compressive
strength, or elongation to break) that is uniform or superior regardless of
the direction of measurement (or uniform or superior in one direction, or
uniform or superior in two orthogonal directions), and the like. A
composite article of the invention can used for known applications, e.g.
equipment for semiconductor manufacture, in aircraft parts, in automotive
parts, in gaskets, in seals, and the like. The article of the present
invention may be a spin disk. EXAMPLES Materials similar to the following,
and methods for making similar materials and articles, are detailed in
United States Patent No. 5,470,409 to Deakyne et al., issued November 28,
1995, entitled "Process for making fluoropolymer composites," United States
Patent No. 5,232,975 to Deakyne, issued August 3, 1993, entitled
"Preconsolidation process for making fluoropolymer composites," United
States Patent No. 5,427,731 to Chesna etal., issued June 27, 1995, entitled
"Compression molding of structures," and United States Patent No. 4,163,742
to Mansure, issued August 7, 1979, entitled "Process and product prepared
from tetrafluoroethylene polymer and graphite fibers," all of which are
incorporated by reference in their entirety. In the following Examples,
Teflon(r) PFA is a registered trademark of and available from E. I . du
Pont de Nemours and Company, Wilmington, Delaware, and can include a
polymer containing about 99 mole percent tetrafluoroethylene and about 1
mole percent perfluoro(propyl vinyl ether). A carbon fiber CF1 used was
polyacrylonitrile based, had a length of about 6.0 mm, a diameter of about
5 to 7 microns, a bulk density of approximately 200 g/L, approximately 4
weight percent water compatible sizing, a carbon density of approximately
1.8 g/cm3 by ASTM D1505, a tensile strength of at least about 500 ksi
(greater than 3450 MPa) and tensile modulus of at least approximately 3 1.6
Msi by ASTM D401 8. Elemental analysis of the fiber for metal content in
units of nanomoles per gram fiber showed results of approximately 170 000
for sodium, 770 for potassium, 180 for calcium, and 22 for aluminum. A
similar fiber CF2 had lower content of metals. Elemental analysis of the
fiber for metal content in units of nanomoles per gram fiber showed results
of approximately 830 for sodium, 5 10 for potassium, less than 10 for
calcium, and 3 for aluminum. Tensile strength was > 500 ksi (>3.45 GPa),
tensile modulus was > 30 Msi (> 207 GPa), and the fiber appeared to be
somewhat stronger than CF1 . The sizing level was 3.8 weight percent; the
sizing was characterized as water soluble. A fiber CF3 similar to CF2 in
physical properties, also had content of metals similar to CF2, yet was
essentially free of sizing. A type of Teflon(r) PFA pellets PFAP1
(tetrafluoroethyleneperfluoro( propyl vinyl ether) copolymer, CAS
26655-00-5) have a melting point of approximately 305 C, a flow rate of 14
g/(10 min) and tensile yield strength of approximately 13.8 MPa and tensile
strength of approximately 25MPa at 25 C and 12 MPa at 250 C by ASTM D3307,
and a specific gravity of approximately 2.15 g/mL. PFA flakes (PFAF1 ) from
PFAP1 were made using a disc mill of the type manufactured by Andritz
Sprout (Muncy, PA) as taught in Patent/Publication Number US5506052A by
Deakyne. A wet matte Mw1 was made from 20% by weight CF1 and 80% by weight
PFAF1 according to the methods of US5506052A. The dry matte Md1 made from
Mw1 (before notable compression of Mw1 ) has a width of approximately 16.75
inches, a length of over 18 inches, and a basis weight of approximately
0.12 Ib/ft2. The coherent matte Md made from Md1 (before notable
compression of Md1 ) has a thickness of approximately 0.095 inches
(approximately 2.4 mm , 2400 microns) and approximately the same basis
weight. A preconsolidated article CAp1-24 was made on a platen press from
cut portions of coherent matte type Md . Squares of approximately 16.5
inches were cut, making note of the original length direction.
Approximately 24 squares were stacked one upon the other with the length
directions each orthogonally oriented to their one (for top or bottom
matte) or two (for internal 



matte) nearest neighbors to produce a stack about 2.2 inches thick. The
stack at essentially ambient temperature was placed in a
temperature-controlled platen press and heated so that the temperature
throughout the stack was greater than 310 C (583 K, 590 F) while the stack
was minimally compressed along the thickness (z) direction at a pressure
less than 90 psi (4310 Pa), while being unconstrained by any added pressure
in the length and width (x and y) directions. The completely heated stack
was then further compressed along the thickness direction while heating was
ended and cooling was begun. The stack was thus consolidated to a thickness
of about 0.285 inches and the temperature was decreased throughout the
article to less than 290 C (563 K, 554 F). Then the temperature of and
pressure on the stack were reduced to ambient conditions to obtain the
article CA1-24.Articles CA2-24 and CA3-24 were made as for CA1-24 by
substitution of carbon fibers CF2 and CF3 respectively for CF1 . The wet
matte Mw3 incorporating CF3 (free of sizing) was notably different in
processing and appearance compared to Mw1 and Mw2 incorporating CF2. The
composite material made from the sized carbon fibers CF2 demonstrated
superior tensile strength and appearance. A heatable belt press HBP1 or
HPB2 was used to make preconsolidated mattes. HBP1 was a continuous dual
belt press with a working width of about 30 inches and a working length of
about 10 feet. The constant gap working height was adjustable. The belt
press temperature was adjustable in multiple zones. In run BP1 , the
entrance zones of HBP1 were set to 500 F, the internal transport zones were
set to 700 F, and the later cooling zones within the working length were
cooled by water entering the zones at approximately 32 F and exiting the
final cooling zone at less than 100 F. The gap between the two belts was
set to about 0.028 inches as measured the thickness after exit by a length
of solder passed through the press. Both belts were coated by a release
formulation. A single sheet of matte about 0.095 inches in height was
passed through the press to continuously produce a preconsolidated matte
about 0.015 inches in height. The matte was fed into the belt press at 12
inches per minute. In trial BP2, the feed rate of matte was increased to 15
inches per minute. In trial BP3, three mattes were continuously and
simultaneously fed into the belt press while aligned with their lengths
parallel. The gap between the two belts was approximately 0.084 inches, and
the preconsolidated matte height was approximately 0.045 inches. Feed rate
was 12 inches per minute. Analogously in BP4, five mattes were continuously
and simultaneously fed into the belt press while aligned with their lengths
parallel. The gap between the two belts was approximately 0.10 inches, and
the preconsolidated matte height was approximately 0.075 inches. Feed rate
was 12 inches per minute.The preconsolidated mattes from each belt press
process (BP1-4, etc.) were separately cut into portions, assembled mutually
orthogonally into stacks as for the platen-press-made material, and finally
compressed as follows. A final compression of stacks of preconsolidated
mattes were made to achieve final products about 6.5 inches in height.
Preconsolidated matte made on the platen press at a density of 1.85 g/mL
has been noted to expand so as to lower its density to about 1.4 g/mL
during heating to above 300 C while restrained by [80 tons on 16 sq inch].
Preconsolidated matte made on the constant gap belt press had a density of
about 1.4 g/mL and did not undergo noticeable expansion during heating to
300 C while restrained by the same pressure. Final densification was higher
in the case of reconsolidated matte made on the constant gap belt press
under identical conditions of exposed pressure and temperature profiles in
the article press. A composite article can a coefficient of thermal
expansion in the XY direction of about 10 ppm/K; the coefficient of thermal
expansion in the Z direction can be greater or less than in the XY
direction. All parts are by mass unless otherwise noted.CLAIMS What is
claimed is: 1. A method for making a composite article of density Dc
comprising polymer and fibers, said method comprising: providing a first
matte comprising: about 1 to about 90 weight percent fiber and about 10 to
about 99 weight percent polymer, said first matte having a density, Dm,
less than Dc, wherein said polymer has a softening 



temperature; densifying by compression said matte to a density greater than
1. 1 times Dm and less than 0.999 times Dc while at least a portion of said
matte is at a temperature less than said softening temperature, to provide
a compressed matte; heating said compressed matte throughout to a
temperature greater than said softening temperature while at a consolidated
density greater than 1. 1 times Dm and less than 0.999 times Dc, to provide
a preconsolidated matte; cooling at least a portion of said preconsolidated
matte to a temperature less than said softening temperature, to provide a
consolidated matte; stacking heightwise a plurality of said consolidated
matte to provide an unconsolidated article; consolidating said
unconsolidated article by compressing the height of said unconsolidated
article and heating throughout to a temperature greater than said softening
temperature, to provide a consolidated composite article; and cooling at
least a portion of said consolidated composite article to a temperature
less than said softening temperature. 2. The method of claim 1 wherein
providing a first matte comprises:disk refining said polymer, to provide
flakes having an irregular periphery with an irregular microfibular
structure extending therefrom; co-dispersing said flakes with said fibers
in an aqueous solution to provide a slurry having a Canadian Standard
Freeness value; feeding said slurry to a screen to provide a layer of said
flake and fiber combination; removing water from said layer, to provide
said first matte. 3. The method of claim 1 wherein said first matte
comprises a heightwise stack of a plurality of thin mattes. 4. The method
of claim 1 wherein said plurality of thin mattes is fewer than twenty. 5.
The method of claim 1 wherein said composite article contains a total of
less than 2000 nanomoles per gram of sodium, potassium, calcium, and
aluminum combined. 6. The method of claim 1 wherein said composite article
contains less than 10 nanomoles per gram of aluminum. 7. The method of
claim 1 wherein said fibers are carbon fibers. 8. The method of claim 1 or
7 wherein said polymer comprises a (tetrafluoroethylene-perfluoro(propyl
vinyl ether) copolymer. 9. The method of claim 1 wherein said polymer
comprises a thermoplastic polymer.10. The method of claim 1 wherein said
flakes have an average size of their flake size distribution greater than
from about 50 and about 700 microns, and optionally a thickness less than
0.5 times said average size. 11. The method of claim 1 wherein said heating
said compressed matte comprises thermally tacking at least a portion of
said flakes to at least a portion of said fibers. 12. The method of claim 1
wherein said composite article is a spin disk. 13. The method of claim 1
wherein said densifying step is accomplished by a belt press, a platen
press, or calendar press. 


