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SYSTEMS AND METHODS OF MAKING
MOLDED COMPOSITE BLOCKS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority under 35 U.S.C. § 119(e) to
U.S. Provisional Application No. 60/785,397, filed March 22, 2006, the disclosure of

which is hereby incorporated by reference in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to molded composite blocks and methods of
making molded composite blocks, for example, filtration matrixes. More specifically,
provided are filtration matrixes formed from adsorptive media, such as activated carbon,

and polymeric binder for use in water filtration systems.

BACKGROUND

[0003] Composite blocks of adsorptive material, such as adsorbent activated
carbon, and polymeric binders, such as ultra high molecular weight polyethylene (UHMW
PE), are useful in water filter technology. Carbon block technology, for example, provides
comparable functionality to loose bed carbon particles, for example, removal of organic
contaminants from water, without the mess or taking up too much space.

[0004] In U.S. Patent No. 7,112,280 to Hughes ef al., “gas porous polymer filters
and methods of use” are provided. Hughes er al. discusses a method of processing that
“involves the vigorous vibration of powdered filter material and polymer until they are
firmly compacted into a given space such as a mold cavity. Pockets of air creating
unnecessary voids between the particles are reduced in this manner. This achieves the
maximum amount of density of materials without external force.” However, vibration can
cause fluidization of fine powders, so powders may not fill the mold to the maximum
possible density. Vibration has been shown to be highly variable and difficult to control,

so that mold filling utilizing vibration is difficult to consistently reproduce. For high
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levels of fluidization, segregation of particles by size and density can occur when using
vibration. Since the Hughes et al. process uses fine media particles and does not compress
the block constituents in the molds, relatively larger amounts of binder are required to
form a sufficient number of point-to-point bonds to immobilize the particles, in order to
produce satisfactory carbon block filters.

[0005] Bulk density of a powder varies widely with the way it has been handled.
A specific powder will exhibit a maximum uncompressed density. Frequently, a powder
is characterized by its maximum uncompressed density because this is a reproducible
value. Powders with different compositions and different particle sizes will have different
maximum uncompressed density values. ASTM Methods B527, D4164, and D4781
define methods for measuring maximum uncompressed density of a powder. These
methods utilize tap filling or tapping.

[0006] There is an on-going need to reduce variability in the manufacture of
composite blocks, such as filter matrixes. It is also desirable to increase flow through
these filters, as well as to increase their capacities for contaminants. Further, there is a
need to reduce the amount of binder needed as well as to reduce the amount of scrap

material produced.

SUMMARY

[0007] A first aspect of the invention provides methods of making a filtration
matrix comprising: mixing an adsorptive media with a polymeric binder to form a mixture;
impulse filling a mold with the mixture; and heating the mixture to form the filtration
matrix. Reference to “impulse filling” means that a force is applied to the mold, causing a
discrete, substantially vertical displacement that induces movement of at least a portion of
the particles in the mold, causing the particles to assume a compact orientation in the
mold. This includes indirect methods such as hammer blows to a table to which the molds
are clamped and impacts to the table from a pneumatic cylinder, and any suitable direct
methods that displace the molds with a series of jarring motions. In some embodiments,
the impulse filling comprises a series of discrete displacements (i.e., impulses) applied to
the mold. Impulse filling differs from vibration in that there is a period of non-movement
or of little movement between the displacements. The period between displacements is

typically at least 0.5 (in some embodiments, at least 1, 2, 3, 5, or even at least 10) seconds.

.
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The displacement applied to the mold has a vertical component. In some preferred
embodiments, the vertical component (as opposed to the horizontal component) accounts
for a majority (in some embodiments, a substantial majority (>75%), or even nearly all
(>90%)) of the molds movement.

[0008] In an embodiment, the step of impulse filling comprises administering
impulses at a rate in the range of 6 to 120 (in some embodiments, 10 to 90, or even 15 to
60) impulses per minute. A detailed embodiment provides that the rate is about 20
impulses per minute. Typically, it takes 2 to 5 minutes to fill a mold.

[0009] In another embodiment, the impulse filling is used to fill a plurality of
molds, and thereby, form a plurality of filtration matrixes. Regarding the uniformity of the
plurality of filtration matrixes, in one embodiment, a standard deviation of the average
weight of the plurality of filtration matrixes is no greater than 10 (in some embodiments,
5,4,3,2,or even 1) % of the average weight.

[0010] In one or more embodiments, the adsorptive media comprises activated
carbon and/or a lead-removal media. Other embodiments provide that the binder
comprises ultra high molecular weight polyethylene.

[0011] With reference to the mixture, a maximum uncompressed density can be
obtained through methods known in the art, such as ASTM Methods B527, D4164, and
D4781. In one embodiment, the mold is filled to at least 90% of the maximum
uncompressed density. In another embodiment, the mold is filled to at least 95% of the
maximum uncompressed density. Because the maximum uncompressed density is
reproducible, filling molds to near the maximum uncompressed density reduces filter
variability.

[0012] In one or more embodiments, the processing step comprises compressing
the mixture until a desired final shape of the filtration matrix is obtained. In this way,
generation of scrap material can be reduced to practically zero.

[0013] Yet another embodiment provides that the processing step comprises
heating the mold to a temperature in the range of 160°C to 220°C.

[0014] In a further embodiment, a mold that is tapered is provided to facilitate
removal of the filtration matrix from the mold.

[0015] Another aspect of the invention includes methods of making a filtration

matrix comprising: mixing an adsorptive media with a polymeric binder to form a mixture;
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filling a mold with the mixture; and applying heat and pressure the mixture to form the
filtration matrix, wherein the step of applying pressure to the mixture comprises
compressing the mixture until a desired final shape of the filtration matrix is obtained.
[0016] In one embodiment, the steps of applying heat and pressure are done
substantially simultaneously. In another embodiment, the step of applying heat occurs
before the step of applying pressure.

[0017] In a detailed embodiment, the step of applying pressure comprises applying
compressive force axially to the mixture.

[0018] Another embodiment further comprises providing a mold that is tapered to
facilitate removal of the filtration matrix from the mold.

[0019] Another aspect of the invention is a filtration matrix made according to the
method of mixing an adsorptive media with a polymeric binder to form a mixture; impulse
filling a mold with the mixture; and processing the mixture to form the filtration matrix.

In one embodiment, the binder is present in an amount of no greater than 30 (in some
embodiments, 25, 20, 15, 14, 13, 12, 11, or even 10) % or less of the total weight of the
matrix. In some embodiments, the filtration matrix has a VOC capacity according to NSF-
53 of at least 20 (in some embodiment, 30, or even 40) gal/in® or greater.

[0020] A further aspect of the invention is a method of making a filtration matrix
comprising: mixing an adsorptive media with ultra high molecular weight polyethylene to
form a mixture comprising the adsorptive media in an amount in the range of 65 to 90%
by weight and ultra high molecular weight polyethylene in an amount in the range of 35 to
10% by weight; impulse filling a mold with the mixture; heating the mold to a temperature
in the range of 160°C to 220°C; compressing the mixture until a fixed length of the
filtration matrix is obtained; and cooling the mold. In one or more embodiments, the
temperature range is 175°C to 180°C

[0021] The numerous features and advantages of the invention will become more
apparent to those skilled in the art upon consideration of the remainder of the disclosure
including the detailed description and claims taken in conjunction with the accompanying

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022] In describing embodiments of the invention, reference is made to the
various Figures wherein like reference numerals indicate like features and in which:

[0023] FIG. 1 is a schematic representation of a representative prior art material
compressing apparatus useful with molds during the manufacture of composite blocks; and
[0024] FIG. 2 is a schematic representation of a representative material
compressing apparatus useful with molds during the manufacture of composite blocks in
accordance with the present disclosure.

[0025] Before describing several exemplary embodiments of the invention, it is to
be understood that the invention is not limited to the details of construction or process
steps set forth in the following description. The invention is capable of other

embodiments and of being practiced or being carried out in various ways.

DETAILED DESCRIPTION

[0026] Provided are molded composite blocks and methods of making molded
composite blocks, for example, filtration matrixes. More specifically, provided are
filtration matrixes formed from adsorptive media, such as activated carbon, and polymeric
binder for use in water filtration systems. A first aspect of the invention provides methods
of making a filtration matrix comprising: mixing an adsorptive media with a polymeric
binder to form a mixture; impulse filling a mold with the mixture; and processing the
mixture to form the filtration matrix. Filtration matrixes formed from this method are also
provided. Another aspect includes methods of making a filtration matrix comprising:
mixing adsorptive media with a polymeric binder to form a mixture; filling a mold with
the mixture; and applying heat and pressure the mixture to form the filtration matrix,
wherein the step of applying pressure to the mixture comprises compressing the mixture
until a desired final shape of the filtration matrix is obtained.

[0027] The known prior art processes are believed to have at least several
recognizable disadvantages that would be highly desirable to solve including, but not
limited to: (a) significant carbon block cracking problems with some formulations, (b) a
requirement for relatively high levels of polymer binders that add no functionality to the
carbon block, (c) reduced service life because there is measurably less active media

contained in the carbon block molded part, (d) variable block density and porosity which
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can cause reduced performance and variations in performance between individual carbon
block parts and (e) requirement to trim carbon blocks to the proper length because the
media/binder mixture in molds is compressed to different levels or settles to different
levels during baking, thereby adding cost, complexity and increasing scrap rates.

[0028] As is known, very fine media particles are desired to attain cyst retentivity
and optimal adsorption kinetics, and production of such powders is difficult to control to
consistent particle size distributions. Therefore, it would be desirable to provide methods
and composite blocks that (1) improve performance and service life of composite carbon
blocks, in particular, service life for VOC, lead and cyst removal (2) reduce variation in
performance among composite carbon blocks (3) simplify the production process for
making composite blocks by eliminating the need to cut to final length, and (4) reduce
material waste in composite block production by molding to substantially the final length
within acceptable tolerances.

[0029] The following define specific terms, as they are understood to be used to
the present disclosure.

[0030] Use of the term “UHMW PE” herein is intended to encompass ultra high
molecular weight polyethylene having a molecular weight as described in commonly-
owned U.S. Patent No. 7,112,280, to Hughes ef al., entitled “GAS POROUS POLYMER
FILTER AND METHODS OF USE,” the disclosure of which is herein incorporated by
reference to the extent not inconsistent with the present disclosure.

[0031] The term “composite blocks” as used in this present application shall be
understood to mean filter elements produced by mixing media particles with a binder to
immobilize the media particles. One specific example of the term, as used in the present
disclosure, includes but is not limited to, a molded carbon block used for water filtration,
which may include media: any material used to remove a contaminant, for example,
activated carbon, lead removal media, diatomaceous carth, antimicrobial media, silica,
zeolite, alumina, ion exchangers, arsenic removal media, molecular sieves, charge
modified particles, titanium silicates, titanium oxides, and metal oxides and hydroxides or
any operable combination of the above.

[0032] By the terms “fluid and/or liquid,” we mean any fluid and/or liquid capable

of being processed through composite carbon block filters, including, not limited to,
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potable water, non potable water, industrial liquids and/or fluids or any liquid and/or fluid
capable of being processed through a filtration apparatus.

[0033] By the term “contaminant,” it is meant a substance or matter in the fluid
that has a detrimental effect on the fluid or subsequent processing or use of the fluid.
[0034] By the term “separation,” we mean the method by which contaminants are
removed from a fluid by flowing the fluid through a porous structure.

[0035] Embodiments of molding composite carbon blocks include, but are not
limited to, the following: (1) filling molds with the blend of media material and binder as
closely as possible to the maximum uncompressed density without segregation of particles
such that the density is substantially maximized and reproducible; thus, variability of fill is
minimized (within 10% of maximum, specifically within 5%), (2) compressing the blend
of media material and binder in the molds to a final shape, such as by moving a piston for
a fixed distance, rather than applying a fixed pressure for a certain time; in this way, the
molds do not require trimming, (3) forming blocks with controlled porosity and density,
and (4) providing a tapered mold cavity to improve release of the carbon blocks from the
molds, since with compression there is less shrinkage of the molded part, so extraction of
the carbon block from the molds can become difficult.

[0036] These specific aspects are described in more detail below, as well as the
resulting carbon blocks. These aspects can be applied individually or, more specifically,
in combination, depending upon the particular requirements of any one particular
application.

[0037] In one aspect of the invention, the vibration techniques used in U.S. Patent
No. 7,112,280 is replaced by impulse filling, that is, a series of discrete displacements of
the mold. Vibration typically involves displacement with a frequency greater than about
600 displacements per minute, usually considerably higher. With the impulse filling
method, the frequency of displacements is typically in the range 5 to 120 displacements
per minute, specifically about 20 displacements per minute (every 3 seconds). The
impulse filling method is a technique that results in a closer approach to the maximum
uncompressed density for the powder, such as, for example, a mixture of UHMW PE and
adsorptive filtration media, contained in the mold. It was found that by replacing vibration
by impulse filling, higher density and less cracking was observed in the end product

carbon blocks. It was also found that with impulse filling, intact carbon blocks could be

-7 -



WO 2007/117943 PCT/US2007/064715

produced utilizing less binder than was utilized with the prior art techniques. Further,
filling by impulse filling was observed to result in less variability in the mold fill weight
and less variability in the carbon block porosity and flow properties. The standard
deviations in air flow resistance values and in block mass were significantly reduced, as
shown in the examples.

[0038] Another aspect of the invention uses an axial compression step either
during or after baking of molds. A key to this compression step is that it is controlled to
compress the material to a fixed length. This has the following distinct advantages over
prior art: (1) the carbon block is molded to its final shape, eliminating the need for further
processing and reducing scrap; and (2) when combined with the impulse fill method
described above, the carbon block density and porosity are highly uniform, leading to
carbon blocks with controlled performance characteristics, such as pressure drop and
performance for reducing VOC and cyst. This technique provides more control than
compression at constant pressure.

[0039] In one embodiment, molds are designed with top plates having protruding
cylinders that provide a fixed length of compaction. The top plate is applied before the
mold cavity is heated. Initially a constant axial pressure is applied. This pressure is
applied before heating and it is maintained as the mold is heated. As the polymer becomes
molten, the axial pressure causes the material to compact. Compaction continues until the
fixed length or distance of compaction is reached. The fixed length or distance is
controlled by design of the top plate such that its movement into the mold cavity stops
after reaching the final molded length. At this point, there is no pressure on the mold,
although the material in the mold is constrained.

[0040] In another embodiment of this disclosure, the media-binder mixture is
compressed during or after baking, while the binder is still in its molten state. Again, the
distance of compaction is controlled to attain the desired final molded length.

[0041] It has been found through pilot tests and plant trials that the above process
of compressing to a fixed distance applied after vibration filling of molds or after impulse
tap filling of molds gives the following advantages: (1) reduced carbon block cracking; (2)
higher strength carbon blocks; and (3) carbon blocks can be made with less binder and
more media. Capacity and service life of the composite blocks are improved by the

presence of more uniform carbon block flow properties within a batch of carbon blocks,
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cyst retentive carbon blocks without the need for ultra-fine media particles, molded carbon
blocks are at final specified shape/length with smooth uniform ends, and elimination of
material waste.

[0042] FIG. 1 illustrates a representative prior art system for compressing material
useful with molds during the manufacture of composite blocks for liquid filtration
systems. As shown, the system 10 includes a mold body 12, a mold cavity 14, a mandrel
16, and an intermediate mold plate 18. A compression piston 20 functions to compress the
material loaded in the mold cavity 14, as is known to those skilled in the art. In operation,
the mold cavity 14 is filled with the appropriate material, the compression piston 20 is
aligned with the intermediate mold plate 18 that functions as an alignment and load plate
for the compression piston 20 and the compression piston 20 is advanced into the mold
cavity 14 as illustrated. FIG. 1 illustrates that the compression piston 20 is capable of
being moved into the mold cavity 14 as far as the amount of pressure being applied to the
compression piston 20 will enable. This unrestrained, other than the pressure applied to
the compression piston, distance that the compression piston 20 is allowed to travel has
traditionally resulted in an unacceptable variance in the length of the composite blocks
produced thereby.

[0043] FIG. 2 illustrates one representative example for restricting the distance that
the piston travels into the mold. As shown, one possible technique is the addition of a
tabbed structure 30 that is operatively positioned on the compression piston 20 such that
the distance to the compression piston 20 can travel inside the mold cavity 14 is restricted
by the interface of the tabbed structure 30 and the top surface 32 of the intermediate plate
18. It should be understood that there are variety of structures that could be employed by
persons skilled in the art to accomplish this end result. The specific location of the tabbed
structure 30 is not considered to be critical to the present disclosure and the inventors of
the present disclosure believe that any structure that resulted in the control limited
movement of the compression piston into the mold cavity is encompassed in the present
disclosure. In addition, structures other than the piston could be altered to achieve the
fixed length compression. For example, the platen that moves the compression cylinders
could be configured to move a fixed distance, by methods that would be known to those

skilled in the art.
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[0044] FIGS. 1 and 2 compare the method of compression of this disclosure to the
prior art (compression by a constant pressure). A variety of mold designs can be used for
fixed length compression. Figure 2 shows a multi-cavity mold. Trials of this concept in
Monterrey, Mexico used a 64-cavity mold. The mold had an intermediate plate to prevent
loss of material during initial compression. The top plate had 64 individual compression
cylinders that fit into the mold cavities. Final part length was controlled by fixing the
length of the compression cylinders and by applying sufficient force to close the top plate
on the mold.

[0045] In a specific aspect of the disclosure, molds are filled to a reproducible
maximum uncompressed density, for example, by impulse filling. Then the molds are
heated and compacted by a fixed axial distance. This provides carbon blocks with the
most uniform density and porosity It has been determined that blocks made with impulse
filling have better uniformity within a single block, better uniformity between blocks
within a lot, and better uniformity between blocks from different lots. Carbon blocks that
are uniform across their length have better flow properties and filtration performance,
being less susceptible to preferential flow. Further, molding blocks with uniform density
across their length allows longer blocks to be molded and it allows blocks to be cut from
longer sections as a cost savings measure. Improved uniformity of density and porosity
between blocks within a lot and between blocks from different lots reduces product
variability and improves manufacturing capability.

[0046] In a specific embodiment of the present disclosure, tapered molds are
employed when carbon blocks are axially compressed. It was found that when molds are
subjected to axial compression, shrinkage of the material away from the walls of the mold
during cooling was reduced. This decreased shrinkage resulted in an increase in the force
required to remove the carbon blocks from the molds. This increased force would most
likely require appropriate modifications to the process equipment in order to easily remove
the carbon blocks upon the completion of the manufacturing process. This increased force
may also lead to mold damage during the carbon block ejection process. Further, it is
presently believed possible that the ejection process could cause unacceptable damage to
the carbon blocks, if excessive force were used. To address these problems, in accordance
with the subject disclosure, the process may utilize a mold that is slightly tapered in the

axial dimension, such as, for example, a taper machined into the mold cavity of between
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about 7 to about 1 degree, resulting in a wider diameter at the top of the carbon block
than at the bottom thercof . The above described concept was applied in plant trials in
Monterrey MX, Jan 16-20, 2006. Utilizing a taper of about 0.8 degrees or about 1 degree
over about 25% of the carbon block length, carbon blocks formed with axial compression
were removed with substantially less force, when compared to carbon blocks formed in
non-tapered molds. Thus, it was determined that it was possible to use existing equipment
for ¢jecting carbon blocks from these molds, as opposed to making modifications to the
existing equipment. Tapered molds provide one way to facilitate removal of a block from
amold. Other options including mold ejection with higher force, the use of highly
polished molds, or the use of a coating that noticeably reduces the force required to eject
the blocks.

[0047] Unless otherwise indicated, all numbers expressing quantities of
ingredients, properties such as molecular weight, reaction conditions, and so forth used in
the specification and claims are to be understood as being modified in all instances by the
term “about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth in the following specification and attached claims are approximations that may vary
depending upon the desired properties sought to be obtained by the present disclosure. At
the very least, and not as an attempt to limit the application of the doctrine of equivalents
to the scope of the claims, each numerical parameter should at least be construed in light
of the number of reported significant digits and by applying ordinary rounding techniques.
[0048] Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the disclosure are approximations, the numerical values set forth in the
specific examples are reported as precisely as possible. Any numerical value, however,
inherently contain certain errors necessarily resulting from the standard deviation found in

their respective testing measurements.

EXAMPLES

Table 1. Glossary

Designation Description Availability

Wood based Carbon 325 mesh Activated Carbon | CECA Specialty Chemicals,
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Paris, France
“TICONA GUR 2126~ Ultra High Molecular Ticona Engineering
Weight Polyethylene Polymers, Winona,
Minnesota
“TICONA GUR 4150-3” Ultra High Molecular Ticona Engineering
Weight Polyethylene Polymers
“KURARAY YPG25” Activated Carbon Kuraray Chemical Co.,
Osaka City, Japan
“KURARAY PGW-20MD” Activated Carbon Kuraray Chemical Co.
“KURARAY PGW- Activated Carbon Kuraray Chemical Co.
100MD”
“KURARAY PGW- Activated Carbon Kuraray Chemical Co.
100MP”
“KURARAY YPG90” Activated Carbon Kuraray Chemical Co.
“KURARAY CG 80X325” Activated Carbon Kuraray Chemical Co.
“CALGON 3163” Activated Carbon Calgon Carbon
Corporation, Pittsburgh,
Pennsylvania
“CALGON 3164 Activated Carbon
“PICA NC506” Activated Carbon PICA Activated Carbon,
Columbus, Ohio
“PACCO HMM?” Activated Carbon Pacific Activated Carbon,
Warrendale, Pennsylvania
“PICA GX203” Activated carbon PICA Activated Carbon
“ENGELHARD ATS” Ceramic cation exchanger BASF Catalysts, Iselin,
New Jersey

Comparative Example C1

[0049] The following formulation: Wood based carbon (35%), “TICONA GUR
2126” (43%), “TICONA GUR 4150-3” (22%)), totaling 1200 grams, was charged to a
container and mixed (about 600 rpm) using a drill press fitted with a paint mixing paddle.
The resulting mixture was added to 8 molds secured to the table (aluminum pipe with top
and bottom plate and mandrel), while vibrating, using a vibration table and an electric
vibrator (Model US400 Available from Vibco, Wyoming, Rhode Island). The molds were
then heated to about 180°C in a convection oven (available from Blue M, White Deer,
Pennsylvania) for about 2 hours. The molds were cooled to room temperature and the
resulting carbon blocks were ejected from the molds. Weights of the cooled carbon block
varied from 60.1 to 68.5 grams (average weight = 64.3 grams). All 8 of the resulting

carbon blocks exhibited major cracking.
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Example 1

[0050] The procedure described in Comparative Example C1 was followed with
the exception that the molds, secured to the filling table, were filled while the molds were
subjected to vertical displacements of the filling table by rapping the table with a hammer.
Hammer blows were applied on the top of the table approximately every 2 seconds for
about three minutes, until the mold was completely filled. Carbon blocks produced had
weights ranging from about 73.1 to about 77.0 grams (average weight = 75.0 grams). All
of the resulting carbon blocks were intact with no apparent cracking. The carbon blocks
were then made into water filters by gluing end caps on the carbon blocks and inserting
the end capped blocks into housings. The filters were tested for air pressure drop. This is
the pressure drop that occurs when 25 liter/min of air at 25°C is passed through the carbon
block, from the outside to the inside of the filter. The air pressure drop at 25 liter/min
ranged from about 31.8 to about 36.9 inches water, which indicates very consistent carbon
block porosity. Methods of making a carbon block of Example 1 resulted in about a 16%
higher density, than the carbon blocks made using the method of Comparative Example

Cl1, using the average weights of each example.

Comparative Example C2

[0051] The procedure described in Comparative Example C1 was followed with
the exception that end-of-tap water filters were made by gluing end caps on the carbon
blocks and inserting the end capped blocks into housings, using the following formulation:
“KURARAY YPG25” (30%), “PICA GX203” (16%), “TICONA GUR 2126 (14%)),
“TICONA GUR 4150-3” (34%) and “ENGELHARD ATS” (6%), totaling about 5000
grams. Seventy-five percent (75%) of carbon blocks tested passed NSF 53 testing for
cryptosporidium reduction. The NSF 53 service life for VOC removal was 130 gal.

Example 2

[0052] The procedure described in Comparative Example C2 was followed with
the exception that the formulation: “KURARAY YPG90” (25%), “KURARAY YPG25”
(45%), “TICONA GUR 2126 (12.5%), “TICONA GUR 4150-3” (12.5%) and
“ENGELHARD ATS” (5%), totaling about 1800 grams and using vertical displacements
of the filling table as described in Example 1. One hundred percent (100%) of the carbon
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blocks tested passed NSF 53 testing for cryptosporidium reduction The NSF 53 service
life for VOC removal was over 200 gallons (non-detect VOC in the effluent at 200 gal).

Comparative Example C3

[0053] Carbon blocks for a faucet mount, fitted with an end cap and installed in a
cartridge, were made using the following formulation: “KURARAY YPG100MD” (30%),
“KURARAY YPG20MD” (43%), “TICONA GUR 2126” (10%), TICONA GUR 4150-3
(10%) and “ENGELHARD ATS” (7%), totaling about 5000 grams, charged to a mixer as
described in Comparative Example C2 and mixed for about 13 minutes The resulting
mixture was added to molds using a vibration table comparable to that described in
Comparative Example C2. The molds were heated to 350°F (177°C) and compressed.
The compression was performed with a constant force of 31 pound force per block
throughout the heat cycle using a variable distance pneumatic air cylinder capable of
delivering about 2000 lbs force with an air supply of 80 psig. The block was not
compressed to a fixed length. After heating and compression, the molds were cooled to
about 100°F (38°C) using water and the carbon blocks were ejected from the molds. The
resulting molded carbon block lengths for a batch of 48 carbon blocks produced resulted
in a mean length of 5.426 inches (13.78 ¢m), maximum length of 5.470 inches (13.89 ¢cm),
minimum length of 5.310 inches (13.49) with a standard deviation of the length of 0.049.

If necessary, the carbon blocks were trimmed to a length of 5.32 inches (13.51 cm).

Comparative Example C4

[0054] Sixty-four carbon blocks were made using the same formulation as
Comparative Example C3, with the exception that the molds were not compressed during
the heat cycle. The resulting carbon blocks had an average length of 5.721 inches (14.53
cm). The carbon blocks were trimmed to the length of 5.32 inches (13.51 cm).

Example 3

[0055] Sixty-four carbon blocks were made using the same formulation as
Comparative Example C3 with the exception that the molds were compressed at a fixed
distance of 0.550 inches (1.4 cm) during the heat cycle. The compressive force varied
over time during baking. The fixed length compression was accomplished using a tabbed

piston 30. The resulting molded carbon block lengths for a batch of 64 carbon blocks
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produced resulted with a mean length of 5.321 inches (13.52 ¢cm), maximum length of
5.328 inches (13.53 ¢m), minimum length of 5.316 inches (13.50) with a standard

deviation of the length of 0.004. The molded carbon blocks were used without trimming.

Example 4

[0056] Sixty-four (64) carbon blocks for a faucet mount application were made
using the procedure described in Example 1 with the exception that the following
formulation: “YPG 100MD” (30%), “YPG 20MD” (43%), “TICONA GUR 2126 (10%)
“TICONA GUR 4150-3” (10%) and “ENGELHARD ATS” (7%), totaling about 5000
grams, was used. This mixture was added to molds by vertical displacement filling. The
molds were heated to 350°F (177°C) and compressed to a fixed length of 5.4 inches (13.7
cm). The resulting carbon blocks had weights ranging from 68.2 grams to 70.1 grams
with a mean weight of 69.3 grams and a relative standard deviation of 1.2%. The carbon
block air flow resistances (pressure drops), measured as described above, ranged from
about 55 to about 63 inches of water with a mean value of 60.3 and a relative standard
deviation of 5.5%. One hundred percent (100%) of the carbon blocks tested passed NSF
53 testing for cryptosporidium reduction. No detectable particles were measured in the
effluent throughout the tests. The carbon blocks showed excellent VOC performance (<2
ppb breakthrough after the 50 gal test).

Comparative Example C §

[0057] Carbon blocks for a faucet mount application were made following the
procedure described in Comparative Example C4 with the exception that the following
formulation: “PICA GX203” (14%), “KURARAY YPH 20 MD” (31%), “TICONA
GUR 2126 (15%), “TICONA GUR 4150-3" (33%) and “ENGELHARD ATS”, (7%),
totaling about 5000 grams, was used. Air flow resistances, as described above, of the
carbon blocks ranged from about 45 to about 54 in. H,O (mean = 48.8, relative standard
deviation = 8.0%. A representative block from this batch failed testing for NSF
cryptosporidium removal. Another representative carbon block passed VOC removal
testing. The effluent, after about 50 gal, was marginal indicating poor process capability

(about 9.4 ppb breakthrough compared to about 15 ppb maximum allowable).
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[0058] Table 2 lists several activated carbons with bulk density and BET Surface
area data.
Table 2.
Activated Carbon Bulk Density BET Surface Area,
g/ce m’/g
“CALGON 3164 0.37 1247
“PICA GX 203” 0.49 1180
“CALGON 3163” 0.54 >1100*
“PICA NC 506 0.51 >1100%*
“KURARAY PGW- 0.59 518
100” and “KURARAY
PGW-20"

* These values are from manufacturer’s specifications, all others are measured.

[0059] The following table summarizes VOC capacity for home water filter blocks

using the activated carbons as listed in Table 3.

Table 3.
Activated Filter Service Life for VOC
Carbon per unit filter volume
Comp. “CALGON Faucet mount* 9 gal treated per in’
Ex. C6 3164”
Comp. “CALGON Refrigerator filter 11 gal treated per in’
Ex. C7 31637 (Kenmore Advanced Part
No. TIRFKB1)
Comp. “PICA GX Faucet mount* 15 gal treated per in’
Ex. C8 203”7/ “CALGON
3163’ blend
Comp. “PICA GX Faucet mount* 8 gal treated per in®
Ex. C9 203~
Ex5 “KURARAY Faucet mount* 48 gal treated per in”
PGW-100" and
“KURARAY
PGW-20”

* Made according to the procedure described in Example C1 with noted activated

carbon(s).

(1) VOC (volatile organic compound) capacity is that measured according to NSF
53 (Drinking Water Treatment Units — Health Effects).

[0060] A VOC life per NSF 53 VOC test with CHCl; surrogate involves

challenging a water filter with about 300 ppb chloroform in the test water. The service life
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of the water filter is measured by the gallons of water treated to an effluent concentration
of less than 15 ppb, as explained in a publicly available National Sanitation Foundation
(NSF) document in ANSI/NSF Standard 53. Table 3 shows that the VOC capacity of
carbon block water filters (per unit volume) made with the carbon of the present disclosure
is about 3X to about 6X greater than that of water filters made with standard commercially

available activated carbon.

Example 6

[0061] The composite carbon blocks for Example 6 were prepared following the
procedure described in Comparative Example C3, with the exception that the following
formulation: “KURARAY PGW-1007(30%), “PGW-20" (43%), “ENGELHARD ATS”
(7%), “TICONA GUR 2126 (10%) and “ICONA GUR 4150-3” (10%), totaling about
5000 g, was used. One hundred twenty-eight (128) blocks were produced and 8
representative blocks were tested for VOC service life according to NSF 53 test method.
All eight (8) blocks passed the NSF 53 VOC test to the 50 gal test capacity. Effluent
levels of chloroform at 50 gal ranged from about 2.1 to about 2.8 ppb. The test was
continued to 70 gal and all eight (8) blocks of the first formulation passed the VOC test
with effluent values ranging from about 2.2 to about 2.6 ppb. Additional blocks were
tested to determine the maximum service life. In these tests the service life to about 15

ppb effluent ranged from about 120 to about 160 gallons.

Comparative Example C10

[0062] The composite carbon blocks for Comparative Example C10 were prepared
following the procedure described in Comparative Example C3, with the exception that
the following formulation: “PICA GX203” ( 7%), “PICA NC506” (55%), ENGELHARD
ATS” (7%), “TICONA GUR 2126 (20%) and “TICONA GUR 4150-3” (11%), totaling
10,000 g (in two containers), was used. One hundred twenty-eight (128) blocks were
produced and 8 representative blocks were tested VOC service life according to NSF 53
test method. All 8 blocks failed VOC testing at the 50 gal test volume. Effluent
chloroform levels at 50 gal ranged about 16 to about 29 ppb, compared to the maximum
allowable level of about 15 ppb.

[0063] The activated carbons listed in Table 4 were tested for VOC capacity in

carbon blocks.
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Table 4.
Activated Mesh Size Tapped density
Carbon g/ce
“KURARAY 80X325 0.58
CG 80X325”
“CALGON 80X325 0.54
3163”
“PICA NC506” 80X325 0.51
“PACCO 80X325 0.60
HMM”
[0064] The procedure described in Comparative Example C1 was followed with

the exception that the following general formulation was used for all composite carbon
blocks produced for Examples 7 and 8 and Comparative Examples C11 and C12:

activated carbon specified in Table 5 (80%) and UHMW PE (“TICONA” GUR 2126)
(20%).

[0065] The resulting composite carbon blocks exhibited the following dimensions
using compression after baking: OD = 1.5 inches (3.8 cm), ID 0.5 inch (1.3 cm) and length
= 2.4 inches (6.1).

[0066] In order to compare the capacity of the composite carbon blocks,
breakthrough curves were integrated to estimate the total CHCl; removed over 250 gal.

Table 5 summarizes the test data for these composite carbon blocks.

Table S.
Activated Carbon Chloroform Removed in 250-gal Test (grams)
Test 1 Test 2 Average
Ex. 7 “KURARAY CG 0.22 0.24 0.23
80X325”
Ex. 8 “PACCO HMM” 0.21 0.23 0.22
Comp. “CALGON 3163~ 0.13 - 0.13
Ex. C11
Comp. “PICA NC503” 0.15 - 0.15
Ex. C12
[0067] The two carbons having a density of about 0.58 g/cc or greater,

“KURARAY CG 80X325” and “PACCO HMM?”, exhibited the best performance.
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Examples 9A — 9N and Examples 9P — 9R

[0068] Examples 9A — 9N and Examples 9P — 9R comprise sets of 64 carbon
blocks made using the following formulation: “KURARAY PGW-20MD” (45.0),
ENGELHARD ATS (7.0%), “KURARAY PGW-100MD” (10.0%), “KURARAY PGW-
100MP” (10.0%), “TICONA GUR 2126 (10.0%) and “TICONA GUR 4150-3" (18.0%).
The filling station consisted of a vibration table with a pneumatic single impactor (Model
1400-SI manufactured by Cleveland Vibrator Co., Cleveland, Ohio). The impactor
delivered single impulses at a frequency of one displacement every 3 seconds (20 impacts
per minute). The impactor was set at a pressure of about 80 psig to deliver energy per

impact of 350 ft-lbs/cm.

Table 6. Data from the process experiment.

Air Flow Resistance Block Mass (grams)
Average Std. Dev Average Std. Dev
Ex. 9A 2.57 0.093 61.5 0.446
Ex. 9B 2.17 0.095 60.3 0.459
Ex. 9C 2.06 0.057 60.2 0.451
Ex. 9D 2.15 0.091 60.5 0.512
Ex. 9E 2.04 0.086 59.6 0.376
Ex. 9F 2.21 0.081 593 0.383
Ex. 9G 2.12 0.092 60.0 0.682
Ex. 9H 1.99 0.082 59.1 0.473
Ex. 91 1.82 0.143 58.7 0.536
Ex. 9] 1.76 0.063 58.7 0.440
Ex. 9K 1.88 0.085 58.9 0.670
Ex. 9L 1.96 0.080 59.1 1.013
Ex. 9M 2.11 0.074 59.6 0.376
Ex. 9N 1.88 0.134 58.3 0.592
Ex. 9P 1.78 0.074 60.5 0.541
Ex. 9Q 1.86 0.061 61.3 0.360
Ex. 9R 1.82 0.059 60.1 0.475
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Comparative Example C13

[0069] Comparative Example C13 was prepared following the procedure described
in Comparative Example C1, with the exception that the molds were first filled to the top
with formulation, followed by vibration on a low setting (3) of the vibration table. Carbon
blocks were tested for uniformity of distribution by cutting the cylindrical block into 3
equal pieces, weighing each piece, and calculating the ratio of the bottom section (section
closest to the table) to the top section (section farthest from the table). Results are listed in

Table 7.

Example 10

[0070] Example 10 was prepared following the procedure described in Example 1,

and sections prepared as in Comparative Example C13. Results are listed in Table 7.

Table 7
Carbon Block Mass of 60 mm section (g)
number
Top Middle Bottom

Example 10 1 20.1 20.0 21.7

2 21.2 22.0 224

3 20.5 20.3 20.5

4 20.9 20.8 20.8

Average 20.6 20.8 213
Bottom/Top Ratio =21.3/20.6 =1.03

Comparative 1 19.5 18.7 20.0
Example C13

2 19.2 19.4 21.2

3 19.5 19.5 21.5

4 19.2 19.2 20.9

Average 19.3 19.2 20.9
Bottom / Top Ratio = 20.9/19.3 = 1.08

[0071] As the Bottom/Top Ratio approaches 1.00, uniformity along the length of
the carbon block is improved.
[0072] Reference throughout this specification to “one embodiment,” “certain
embodiments,” “one or more embodiments” or “an embodiment” means that a particular

feature, structure, material, or characteristic described in connection with the embodiment
is included in at least one embodiment of the invention. Thus, the appearances of the

99 ¢cs 99 ¢cs

phrases such as “in one or more embodiments,” “in certain embodiments,” “in one
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embodiment” or “in an embodiment” in various places throughout this specification are
not necessarily referring to the same embodiment of the invention. Furthermore, the
particular features, structures, materials, or characteristics may be combined in any
suitable manner in one or more embodiments.

[0073] Although the invention herein has been described with reference to
particular embodiments, it is to be understood that these embodiments are merely
illustrative of the principles and applications of the present invention. It will be apparent
to those skilled in the art that various modifications and variations can be made to the
method and apparatus of the present invention without departing from the spirit and scope
of the invention. Thus, it is intended that the present invention include modifications and

variations that are within the scope of the appended claims and their equivalents.
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What is claimed is:

1. A method of making a filtration matrix comprising;:
mixing an adsorptive media with a polymeric binder to form a mixture;
impulse filling a mold with the mixture; and

heating the mixture to form the filtration matrix.

2. The method of claim 1, wherein the step of impulse filling comprises administering

impulses at a rate in the range of 6 to 120 impulses per minute.
3. The method of claim 2, wherein the rate is about 20 impulses per minute.

4. The method of claim 1, wherein the mixture has a maximum uncompressed

density, and the mold is filled to at least 90% of the maximum uncompressed density.

5. The method of claim 4, wherein the mold is filled to at least 95% of the maximum

uncompressed density.

6. The method of claim 1, wherein the processing step comprises compressing the

mixture until a desired final shape of the filtration matrix is obtained.

7. The method of claim 1, wherein the processing step comprises heating the mold to

a temperature in the range of 160°C to 250°C.

8. The method of claim 1, further comprising providing a mold that is tapered to

facilitate removal of the filtration matrix from the mold.
9. The method of claim 1, wherein the adsorptive media comprises activated carbon.

10. The method of claim 9, wherein the adsorptive media further comprises a lead-

removal media.

11. The method of claim 1, wherein the binder comprises ultra high molecular weight

polyethylene.

12. The method of claim 1, wherein the impulse filling is used to fill a plurality of

molds, and wherein a plurality of filtration matrixes is formed.
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13.  The method of claim 12, wherein a standard deviation of the average weight of the

plurality of filtration matrixes is no greater than 10% of the average weight.

14. The method of claim 13, wherein the standard deviation is no greater than 5% of

the average weight.

15. A method of making a filtration matrix comprising:
mixing adsorptive media with a polymeric binder to form a mixture;
filling a mold with the mixture; and
applying heat and pressure the mixture to form the filtration matrix wherein
the step of applying pressure to the mixture comprises compressing the mixture

until a desired final shape of the filtration matrix is obtained.

16. The method of claim 15, wherein the steps of applying heat and pressure are done

substantially simultaneously.

17. The method of claim 15, wherein the step of applying heat occurs before the step

of applying pressure.

18. The method of claim 15, wherein the step of applying pressure occurs before the

step of applying heat.

19. The method of claim 15, wherein the step of applying pressure comprises applying

compressive force axially to the mixture.

20. The method of claim 15, further comprising providing a mold that is tapered to

facilitate removal of the filtration matrix from the mold.
21. A filtration matrix made according to the method of claim 1.

22. The filtration matrix of claim 21, comprising a VOC capacity according to NSF-53

of 20 gal/in® or greater.

23. The filtration matrix of claim 21, comprising a VOC capacity according to NSF-53

of 30 gal/in® or greater.
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24. The filtration matrix of claim 21, comprising a VOC capacity according to NSF-53

of 40 gal/in’ or greater.

25. The filtration matrix of claim 21, wherein the binder is present in an amount of no

greater than 30% of the total weight of the matrix.

26. A method of making a filtration matrix comprising:

mixing an adsorptive media with ultra high molecular weight polyethylene
to form a mixture comprising the adsorptive media in an amount in the range of 65
to 90% by weight and ultra high molecular weight polyethylene in an amount in
the range of 35 to 10% by weight;

impulse filling a mold with the mixture;

heating the mold to a temperature in the range of 160°C to 200°C;

compressing the mixture until a fixed length of the filtration matrix is
obtained; and

cooling the mold.
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