p 31¥'DEC 2002 WD 00/ 04977 PCTI US99/14999 [I1LL111IIIIII1I111 CARBON Fl BER
FI'LTERS ~~~~~~ 11111112121 11 101 *ACTI O\
FELTETEEEEEEErt e e e e bl TECHN CAL FIELD * 1668 ¢aECTR082
present invention relates to filters capable of renoving various
cont am naf{P9%049hc| udi ng pat hogens, frdmfluids (air and PlclTﬂ{??%ﬁ‘s“f”by
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I ncr easi ngm¥nu§ SRIrE §F certain electronic components, extremely pure water is required. As a more

common example, any harmful contaminants must be removed from water before it is potable,
i.e., fit to consume. Despite modern water purification means, the general population is at risk,
and in particular infants and persons with compromised immune systems are at considerable
risk.

In the U.S. and other developed countries, municipally treated water typically includes
one or more of the following impurities: suspended solids, bacteria, parasites, viruses, organic
matter, heavy metals, and chlorine. Breakdown and other problems with water treatment
systems sometimes lead to incomplete removal of potential pathogens. For example,
cryptosporidiasis, a type of waterborne microbiological contamination, was brought to national
attention in April of 1993 when the water supply of the city of Milwaukee, Wisconsin became
contaminated with Cryptosporidium parvum cysts resulting in 400,000 cases of the disease and
over 100 related deaths.

In other countries there are deadly consequences associated with exposure to
contaminated water, as some of them have increasing population densities, increasingly scarce
water resources, and no water treatment utilities. It is common for sources of drinking water to
be in close proximity to human and animal waste, such that microbiological contamination is a

major health concern. As a result of waterbome microbiological contamination, an estimated
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the various contaminants. Such a filter would not only be more reliable than a complex system,
but it would also be far more portable and economical. Thus, it could be utilized as a simple
device on faucets in domestic settings where well water or water from a municipal source is
used. In another application, such a device could be utilized in lesser developed regions of the
world on a faucet or container for storing drinking water, where communal water sources are
shared, but little is done to treat the water for contamination. A small, inexpensive, easy-to-use,
water filter would be of great humanitarian and economic value. In certain applications, the
filter should present a low resistance to the flow of water so that in locations where electricity
necessary to drive a pump may be unavailable, the filter may simply be connected between
upper and lower containers of water, or between the holding container and a drinking
receptacle. In certain embodiments, the filter should also have sufficient structural integrity to

withstand significant pressures if, for example, a source of pressure is available to drive the
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treat ed w 0.02 amswodl. ﬂpmd'onmmr(phmggxcal control. U.S. Pat No 4 576,929 (Shlmazakl et al.,
issued March 18, 1986); U.S. Pat. No. 5,705,269 (Leiberman, issued January 6, 1998); and U.S.
Pat. No. 5,607,595 (Hiasa ef al., issued March 4, 1997) teach the use of silver, organic
pesticides, and periodic heating to supplement activated carbon use. U.S. Pat. No. 3,770,625
(Wallis er al., issued November 6, 1973) teaches that viruses can be removed from a liquid
using activated carbon forms (granular, powdered or pelleted) treated with a sodium containing
hydrolyzing composition, such as sodium hydroxide, after an acid wash. The ‘625 patent
further teaches that the method did not provide stand-alone treatment stating “it is frequently
desirable to have filtration downstream of the activated charcoal to remove any sluffed-off
adsorbing medium.” U.S. Pat. No. 5,762,797 (Patrick e al., issued June 9, 1998) discloses the
use of a separate nonwoven, which is treated with an antibacterial material, to effect treatment
of the bacteria. German Patent Publication No. 3,020,615 (Beauman et al., published December

11, 1980) discloses the addition of silver-containing compounds to effect antibacterial activity.
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filter of the present invention and information indicating that the filter may be used to remove

pathogens, including viruses, from liquids.

Still another object of the present invention is to provide a process for preparing an
activated carbon fiber composite (ACFC) that has high capacity for adsorption of pathogens.

Yet another object of the invention is to provide a filter constructed using activated
carbon fibers that removes organic and some metal contaminants from a fluid stream with
greater efficiency and effectiveness.

Still another object of the present invention is to provide an ACFC filter that may be
utilized as a respirator filter for the removal of organic and other toxic vapors as well as
airborne viruses and bacteria.

Yet another object of this invention is to provide an ACFC filter/absorber that may be

utilized in removing contaminants such as organics, disinfection by-products, lead, chlorine,
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manufacture comprising:

(a) a filter comprising activated carbon fibers, wherein said filter has a VRI of at

least about 99%; and

(b) information that informs a user that the filter may be used to remove viruses from

a liquid.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, incorporated in and forming a part of the specification,
illustrate several aspects of the present invention and together with the description serve to
explain the principles of the invention. In the drawings:

Figure 1 is a perspective view of an ACFC filter useful either in removing contaminants
including but not limited to organics, disinfection by-products, lead, chlorine, viruses, bacteria
and Cryptosporidium parvum from drinking water or as a respirator filter for the removal of
organic and toxic vapors as well as airborne viruses and bacteria;

Figure 1a is a schematic of a composite filter illustrating the derivation of the inter-fiber

spacing value for the composite;
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Figure 8 is a cross sectional view of two activated carbon fibers of a filter of the present

invention. Also depicted are the respective paths taken by two pathogens flowing through the

filter.

Reference will now be made in detail to the present preferred embodiments of the

invention, examples of which are illustrated in the accompanying drawings.

DETAILED DESCRIPTION OF THE INVENTION

1. Definitions

As used herein, an “activated carbon fiber” (“ACF”) means activated carbon in a form
having a relatively high aspect ratio, i.., ratio of length to diameter. For purposes of the
present discussion, activated carbon in a form where its aspect ratio is at least about 4:1 is a
“fiber”.

As used herein, an “activated carbon fiber composite” (“ACFC™) means that activated
carbon fibers are bound together via use of a binder. Such binders include resins, other
polymers, pitches, epoxy resins, adhesives and coal powders, as well as others being well
known in the art, in addition to phenolic resins. These binders can be introduced in a fluid

medium as well as by solids mixing. Such an ACFC will be monolithic and thus may provide
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As used herein, the terms “liquid” and “water” are used interchangeably.

As used herein, the terms “microorganism”™, “microbiological organism™ and
“pathogen” are used interchangeably. These terms refer to various types of microorganisms
that can be characterized as bacteria, viruses, parasites, protozoa, and germs.

Other terms used herein are defined in the specification where discussed.

II. Pathogen Removal Properties

The filters of the present invention comprise activated carbon fibers, wherein the filter
is capable of removing from a liquid (preferably water) source at least 99% of viruses. That is,
the filter has a Virus Removal Index (VRI) of at least 99%. Preferably, the filter will have a
VRI of at least about 99.9%, more preferably at least about 99.99%, even more preferably at
least about 99.999%, still more preferably at least about 99.9999%. Typically, the filters will
have a VRI of from about 99.99% to about 99.9999%. In addition to this VRI capacity, the
filters will also preferably be capable of removing at least about 99.9999% of bacteria; i.c., the

filter will have a Bacteria Removal Index (BRI) of at least 99.9999%. Preferably, the filter will
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It is evident that the filter devices and methods of the present invention allow the
treatment of water in excess of the standards set forth by the EPA in the U.S. In addition,
applicants have found that the filters of the present invention may be used for long periods of
time without becoming exhausted in terms of the ability to continue to remove pathogens from
the source stream. The use of such filters therefore obviously would improve the health risk
situation in many countries, based on the fact that the population in general would have less
exposure to the various pathogens, particularly viruses. Perhaps more importantly, in those
geographies where contamination of the source water is significantly worse than that observed
in developed countries, the benefits provided by the present invention are magnified. For
example, the ability to remove pathogens at such a high level for such a long period of usage

(i.e., before they reach failure because of saturation with the various pathogens) allows for the

purification, in terms of making water potable without undue health risk, of highly
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forms (powders or |arge-size carbons) for certain applications. Wile
por osi ty c&p particularly suited for activation because of their unique structure, where the random
packing of small crystallites allows the development of an extensive pore structure.

Activated carbon fibers can be characterized by their length, diameter, porosity, specific
surface area, and elemental composition. Length is meant to describe the distance from end to
end of a fiber. The diameter refers to the mean diameter of a fiber. Porosity is characterized by
the mean pore volume within the fiber. Specific surface area is a measure of the fiber surface
area, including the area within the pores, per unit of mass of fiber. For the present invention,
activated carbon fibers will preferably have: specific surface areas in a range of from about 100
to about 4000 m%g, more preferably from about 500 to about 3000 m*/g, still more preferably
about 1000 to about 2500 m?/g; diameters in a range of from about 5 to about 50 um, more
preferably about 10 to about 25 um, still more preferably about 15 to about 20 um; and mean
pore sizes from about 2.5 A to about 300 nm, more preferably from about 5 A to about 200 nm,
still more preferably from about 10 A to about 100 nm. The fibers can be solid or hollow.

Activated carbon fibers have a narrow, sub-micron range of surface features not found in other
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P-400 milled activated carbon fibers: 400 pm length
P-600 T milled activated carbon fibers: 600 um length
P-3200 milled activated carbon fibers: 3.2 mm length
C-6 chopped activated carbon fibers: 6 mm length

Osaka Gas Chemicals’ Renoves A® series-AD’ALL activated carbon fibers are 18 pm in
diameter with various specific surface areas ranging from 1,000 to 2,500 m%/g. They come in

various lengths, including (the specific surface areas are noted parenthetically):

A-15 - Milled AD'ALL activated carbon fibers: 700 pm length (1500 m%/g)
A-20 - Milled AD’ ALL activated carbon fibers: 700 pm length (2000 m*/g)
A-15 - Chopped AD’ALL activated carbon fibers: 6 mm length (1500 m%g)
A-20 - Chopped AD’ALL activated carbon fibers: 6 mm length (2000 m*/g)
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Optimal interstitial spacing 1s achi eved whe
While not wishing to be bound by theory, Apphcants believe that the surprising ability

of the present filters to remove small pathogens, particularly viruses, is due to the: 1) inter-fiber
spacing, that results from the packing of the activated carbon fibers, and the resulting flow
mechanics conditions; and 2) fast adsorption kinetics and large adsorption capacity exhibited by
the activated carbon fibers, when compared to granular or powder activated carbon. It is
believed that the initial attachment of microorganisms, in particular bacteria and viruses, onto
the activated carbon fibers is governed by the following interactions: 1) classical Iong—mng-e
colloidal (DLVO) and Lewis acid-base (AB); 2) short-range surface polymer and appendage;
and 3) strong short-range (i.e., 0.1 to 0.2 nm).

The classical long-range DLVO colloidal forces include the electrostatic (EL) and van
der Waals (vdW) dispersion, and depend on the surface characteristics of the microorganisms
and fibers, and the distance between them. The electrostatic and vdW forces are applicable at
separation distances above 2 nm. Below 2 nm, the AB forces (i.e., electron-donor/electron-
acceptor interactions) are dominant. Note that the AB forces include the typical hydrophobic
forces. The surface polymer interactions are based on the fact that the microorganisms contain

polymers (e.g. lipopolysaccharides (LPS), extracellular polysaccharides (EPS), and surface
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In terms of the mechanics of the flow of pathogens in the filter, it is believed that the
distance between two adjacent fibers, c, is critical in achieving attachment of pathogen to the
fibers (see Fig. 8). In general, pathogens might flow close to the surface of a fiber so that the
overall attractive force would cause them to attach to the surface (see pathogen 4 in Fig. 8). On
the other hand, pathogens might flow far away from the fiber surface so that the overall
attractive force cannot “pull” them towards the fiber surface for attachment (see pathogen B in
Fig. 8).

In terms of the effect of the inter-fiber distance (also called spacing) on pathogen
attachment onto the fiber surfaces, it is believed that there is an optimum range of inter-fiber
distances that is necessary for pathogen attachment to fibers and removal from water. When

this inter-fiber distance, ¢ (see Figure 8), is relatively large, then the majority of pathogens do
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relates to the activated carbon fiber composites (ACFCs). In Section VI below, the free
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activated carbon fiber filters of the present invention are discussed in detail.

In the first aspect, the filter comprises an ACFC which is prepared in accordance with
the methods set forth in co-pending U.S. Patent Application Serial Nos. 08/747,109 and
08/935,631, the full disclosures of which are incorporated herein by reference. Other methods
of preparing a bonded fiber composite are not to be excluded. For example, such binding
methods include the use of resins, other polymers, pitches, epoxy resins. adhesives and coal
powders. as well as others being well known in the art, in addition to phenolic resins. These
binders can be introduced in a fluid medium as well as by solids mixing. Thus, in one
embodiment, a selected carbon fiber is prepared to a given average length and is mixed in a
water slurry with a carbonizable organic powder. The desired monolithic configuration is then

molded from the slurry. The resulting green form is dried and removed from the mold. The



bal ance ensures that pathogens get renoved during their flow in the carbon
fiber filters. Finally, the fast adsorption kinetics and | arg& adso%ti on
&Lapacity exhibited by the activated carbon fibers has been s ik 2xi st
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to viruses. V. Filters Conprising Activated Carbon Fi ber Conposites

(ACFC s) As discussed above, the present invention is directed to filters
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pre- activated fibers and to form cure and optionally carbonize and

further opRFBRAVITP AT EEEC ¥ ™Y secondary activation to produce the
final product. %lpnaarbeﬁbcfﬂcbw deserimngsthisasfect sfathe iveritior, the esitentfibersvieriei on

i ncl udes a conposite carb fi,bers an d bi hav| red, density
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fol |l owi ng actl vati on_of b‘ffrom s’;lbO%) {37@0 ut 0.55 g/cm and nore

pr ef er abl ym¥/8 8l myye ateferrbly A0 aPouLiRl e a‘??“tél and a burnoff during

activation of bxatawmn& \amdyahwﬁer%}%tamdaﬁwams fqrrref:@,rua_;b.lnyl paimgeraliogit 21 to
about  45% pclllto \}nrsus %L vi sgsegrgnrsxrn?n%dtub t'gcalt rbmgterrla ] En(c)luges anu:X«&gC Q:?iialtéép}b% of
adsorbing from water at least about 2.0 x 10'' plaque formmg units (PFU) of model
bacteriophage MS-2 per gram of carbon at a concentration of 2.67 x 107 PFU of bacteriophage
MS-2/ml. Said filter may also be described as an ACFC that removes at least about 99.99% and
more preferably at least about 99.9999% of model bacteriophage of MS-2 from drinking waier
loaded with up to 5.6 x 10" PFU of bacteriophage MS-2/m] when flowing through a column of
substantially 1.0 in. diameter and 3.5 in. length at a flow rate of at least 7-67 column volumes
per hour for at least twenty minutes. Thus, the filter provides at least 4 logs of removal of virus
for up to 10 hours. When loading an influent containing 6.25 x 10* PFU/m| of MS-2, the carbon
fiber composite can remove at least 99.9999% of MS-2 bacteriophage for at least 15 hours.
The ACFC containing filter of the present invention may also be defined by its novel
and unique bacteria removal properties. Accordingly, the filter includes an ACFC that removes

greater than about 99.99% and more preferably about 99.9999% of E. coli bacteria from
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Still other objects of this aspect of the invention will become apparent to those skilled
in this art from the following description wherein there is shown and described a preferred
embodiment of this invention, simply by way of illustration of one of the modes best suited to
carry out the invention. As it will be realized, this aspect of the invention is capable of other
different embodiments and its several details are capable of modification in various, obvious
aspects all without departing from this aspect of the invention. Accordingly, the descriptions
will be regarded as illustrative in nature and not as restrictive.

A novel method is hereby provided for making an ACFC material having a rigid, open,
monolithic structure with high permeability. Further, the processing method allows the control
of the composite's overall porosity.

The ACFC of the present invention is comprised generally of carbon fibers and a

binder. The composite is strong and permeable, allowing fluids to easily flow through the
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bi nder, for exanple a carboni zabl e organic powder such as_ a_ phenolic resin,
with wat dn therfsaehesa tb,qrmpsreymgme adhﬂélVFéﬁtcwhetthtwdEtﬁ APq tjt!t?sa‘tet Kowndn 1o ded
fromthis g ry. The resulting green formis dried and renoved fromthe

nol d. The conp05|te is cured prior to carbonization under an_inert gas.
The conposite nintaarefeired forming methed the sluEy iy wrrgteTed o Pelding gank of any cross

section (circular, to make cylinders or blocks or annular to make tubes). The mold has a screen
at the bottom. The slurry is filtered through this screen by applying an overpressure of air or
applying a vacuum on the drainage side of the screen. In most cases, an acceptable rate of
filtration is achieved by relying upon the hydraulic head of slurry. Of course, other molding
methods can be utilized (e.g. pressure forming or any of the other various forming methods
practiced in the plastics industry).

The resulting green form is partially dried, preferably in air at approximately 50°C.
The form is then removed from the mold and the green form is cured (at e.g. 130°C in air) to
produce a cured monolithic body. The resulting composite is then carbonized under an inert
gas. Preferably, carbonization is conducted for up to three hours under nitrogen at 650°C to
pyrolize the resin binder.

The composite formed by the above process defines voids or interstitial space between
the fibers which allow free flow of fluid through the material and ready access to the carbon

fiber surface. Further, the individual carbon fibers are held in place by the pyrolyzed resin



structure of the fibers. Alternatively, carbonization and activation nmay be
conpleted in a single step. The conposite nay be readily nachi ned to the
desired final configuration either before or after activation. IAREC 202
conposites can be nmade from pre-activated fibers, so that no or |ess
activati Qo bgosePre necessary after foroppng. In one enbodi PENUSION4WHI s aspect
of the present invention, an isotropic pitch precursor 1is fornmed such that
the resultant fibers define a dianmeter of approximately 10-25 m The
fibers can be in a stabilized or carbonized condition and are cut to an
average | gp@thun®fhus @aﬁﬁk&%&&ts@wdé’&@ trraﬂoWﬂfgseagnquadmeodglhmmrﬂ@ﬁmnome m The
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bi nder and 1hus ca nove due to the flow of gases/l|i UI ds
t hrough t helumet of prefirablyrsubstantialh®AT- Qéhcq&; |a|l°%mei93?féd°'a@ﬁ§'? RP RACTOPPFES-
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0.05-0.55 g/cm}/ and more preferably about 0.076-0.495 g/em’.

The activation conditions can be varied by changing the activation gas, its
concentration, the flow rate, the temperature, the furnace configuration and the optional
presence of a catalyst to influence total surface area and pore size distribution. Further, the use
of post activation treatments can be implemented. For example, further heating in a controlled
gas atmosphere or the introduction of chemicals could affect the pore size distribution and
surface chemistry. Once carbonized or activated the composite can be machined to any desired
shape, forming a monolithic carbon fiber composite.

In accordance with another embodiment of this aspect of the present invention, one part
by weight of carbon fibers having a diameter between 5 and 100 pm and a length between 0.1
and 0.4 mm: between 0.05 and 1 and more preferably between 0.2 and 0.5 part by weight
powdered binder (e.g., one-step phenolic resin, two-step phenolic resin, pitch, other
thermosetting resins, coal extracts, coals that soften); and 5-50 parts by weight water are mixed

in order to create a slurry. Such a slurry has between 5-50 cc of water per gram of carbon



cheri cal activation. The resulting chemcal reactions renove carbon and
devel op pores in the <carbon fibers, which are classified by di EE
Jrcropores (less then 2 nn), nesopores (2-50 nn) and nacropores (greater
than 50 nm. In the preferred enbodi nent, the conposite is steam activated
in a steanfnitrogen atnosphere. The preferred actrvatro .99§Q14§gns are:
800- 950CVA&W&M at a partial pressure’'df about 0.1-0.9 ?nnspﬁeres and for
durations of about 1-3 hours. Burnoff is calculated fromthe initial and
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used. For rte[ Rl Ll | bers, less water is needed. Advantageously,
drau ic head o?lt §

arelatrvey Ow concentration of water reduces the forming tine of the

green The resulting green form is dewatered. In a preferred embodiment, this is partially

achieved by passing air through the form. Once dewatered by about 50% by weight, the form is
removed from the mold. This is accomplished by unclamping the filter screen and applying a
small pressure (e.g. 5 psi) either mechanically or pneumatically. This is often best done by
horizontal displacement to avoid distortion of the relatively weak green composite. The green
form is then dried and cured to produce a cured monolith. The drying and curing is completed
in an oven to a temperature dependent upon the binder in use (e.g. to at least 150°C in air for
phenolic resins; 500°C in nitrogen for coal). It should be appreciated that the rate of heat
transfer to the composite controls the time for drying and curing, but temperatures above 300°C
must not be used in air if burning of the fibers is to be avoided. Typically, small specimens
may be heated to 200°C at 5°C/min. The composite is then carbonized and activated by heating
it typically to 850°C for one hour in an atmosphere of 50% steam and 50% nitrogen or at 950°C

in carbon dioxide. Other known means of activation may also be utilized.



nonel ith thereby speeding production. Further, it reduces the tendency of
the carbon fibers to |layer, thereby producing a nore random or ,is éro i C
conposite material w th enhanced physical characteristics. Thedd B Q:Iﬁ@e,
but are not limted to, the ability to better withstand stress during heat
treatnment_and activation and al so a reduced tendency to ‘ii’%lrﬁf&gt%% The
m Xi ng isW9c9ﬂ’ﬁT9é'f ed in a mixing tank. ¥n the m xing tank, the binder and
the fibers are added into a vortex forned by an agitator. Preferably, the
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time for drying and curing, but tenperatures above 300C nust not be used
inair if burnipg pfythe fibers is to be avoided. Typically, small
speci nens nmay be heated to 200C at 5C/ mn. The conposite is then
carboni zed and s Yat earmssiteryaidivPlige it typically to 850C for one hour in

an atnosphere of 50¢sS{hane ot ibér i eepssier at 950C i n carbon di oxi de.
O her known neans of activation may also be utilized. 31 DEC 2002 WO
00/ 04977 -19- PE#MYYE9/ 14999 Activation conditions can be varied by

changi ng the acti vapi-Ofardd@ensity bEcomposent r at i on,
V. = unit volume of composite
p, = density of fiber = 1.9 g/em’.
This allows derivation of the following:
Ve=(p* Vo) /o
Vo=V - Vi=V.-(p.* Vo) /o
Vo/V.=1-p/py

In addition, the carbon fiber composites also preferably include a mean inter-fiber
spacing of between about 30.3-302 pum and more preferably between about 42.4 and 73.1 pm.
This parameter indicates on average how far apart the fibers are in the composite and, therefore,
how wide the interstitial spaces are between the fibers.

The inter-fiber spacing is derived by assuming that the composite has a model cubic

structure: that is, the most dense configuration that may be achieved in an isotropic fiber



the flow rate, the tenperature, the physical configuration of the furnace,
the gas flow distribution and the optional presence of a cataly t'
i'nfluence total surface area and pore size distribution. Furthe?, lﬁeﬂ;ezq%e
of post activation treatnents can be inplenmented. For exanple, further
heati ng wo @agmtrol | ed at nosphere or -fghe introducti on oPCEMNEMEAs coul d
affect the pore size distribution and surface chem stry. Once carboni zed
or activated, the conposite can be nachined to any desired shape. In this
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70.9-81. 1% Voisd=M&Hsi18F unfi célebarbom AbkrBympdsge equation: Vo=l - Vr where V.
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where p, = cur @d’@F@Hy‘tfya’B‘P“ fibsoLP 8™ v, = unit vol ume of conposite pr =
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assumi ng that ‘the co 03|te has a nodel cubic structure: that is, the nost
dense confingufiber spaaing Bl may be achieved in an isotropic fiber 31 DEC 2002
WD 00/ 04977 -20- PCT/ US99/ 14999 § =a_2r=a- 15 um.

The last two equations allow the calculation of average inter-fiber spacing at a given composite
density, assuming a cubic packing of fibers.

Reference is now made to Figure | showing an ACFC filter 10 constructed in
accordance with the previously described method. As shown, the ACFC filter 10 includes a
cylindrical body 12 of bonded activated carbon fibers. It should be appreciated, however, that
the composite filter 10 may be formed in substantially any polygonal shape or other foreseeable
configuration desired for the particular application for which the filter will be used.

As indicated, the ACFs by definition have an aspect ratio of at least 4:1. Preferably, the
activated carbon fibers utilized in the filter 10 have an aspect ratio of at least 10:1 and still more
preferably at least 20:1 and are subject to approximately up to 90% bum-off and more

_ preferably between substantially 21-45% burnoff upon activation. The block also has a cured
density after carbonization but before activation of between substantially 0.1-0.7 g/cm’ and
more preferably between substantially 0.36 - 0.55 g/cm’, Following activation, the composite
has an activated density of between substantially 0.05-0.55 g/cm’ and more preferably between
substantially 0.076-0.495 g/cm®. As a result, the filter 10 is characterized by an extremely open
structure (note, electron micrograph in Figure 2). In fact, the filter 10 has a ratio of interstitial
area to activated carbon fiber area in cross section of between substantially 3 to 1 to 20 to 1.

The result is a porous filter 10 replete with extensive tortuous pathways running through its



conposite. Fiber spacing a is set to be the distance between the centers of
two closest fibers (see Figure la). Fiber radius r is an average of 15
Jcrons for, for exanple, pitch based carbon fibers. By cggspgiehgpg one
unit cell of dinmension a x a x a, the follow ng equatlons are erlved for
i nter-fivWewoM849ati ng Sf. Wiere V( = voBunme fraction of f| PLELSPY W™ Uni t cel |
VC = volune of unit cell of carbon f| ber conposite pc = density of unit
cell of carbon fiber conposite pf = density of carbon fibers = 1.9 g/cn8
There are twelve fibers along the perl phery of the unit cell. However, only
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- 0.55 g/ hergtg c1"?)9\/?’"#:’8’"a‘ct hetion, the composite has an activated density
of between SubBtsBdS‘li]d bé hpprddiatdd-thatGhe preenBinzentiomooreprisesed aethibd pf teatoveen
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characteriz an ex y open structure (note, electron mcrograph in
Figure 2) suchas‘fvaett In oespect, themetimd iserprises the btep effpassigdhedluid sirgam thequgh t o

acti vat ed, caebary Ll REL.ATRRALRC GhARS GAfksAu0l BELRED oPUDBLRBY] 8kl Y 3 to

1to 20 t& por ous eplete with extensive
t ort uous fbdrhhavgindargome rag)utrhffmfgp tp Q% and more prefcrably between substantially 21-

45% during activation; and the filter has a cured density of between substantially 0.1-0.7 g/em’
and more preferably 0.36-0.55 g/cm® after carbonization but before activation and an activated
density of between substantially 0.05-0.55 g/cm’ and more preferably 0.076-0.495 g/em’
following activation.

Advantageously, since the carbon fibers are rigidly bonded in a composite monolithic
body there is no movement within the adsorbent bed such as might occur in a bed of granular
carbon. Since movement often results in attrition and the production of carbon fines that may
pass through the bed and carry contaminants, the elimination of this movement is a significant
benefit. Further, movement can result in channeling that gives inefficient adsorption.
Avoidance of this problem is also a significant benefit of this aspect of the present invention.

The following examples further illustrate the ACFC aspect of the invention, but it is not
to be considered as limited thereto. The protocol used for testing MS-2 bacteriaphage and £.
coli bacteria adsorption from water in these examples includes:

1.)  Connecting sterile, size 15, thick-walled Phar-Med tubing, using screw clamps, to



31 DEC 2002 WD 00/04977 -21- PCT/US99/ 14999 body. Viruses, bacteria,
organi cs and ot her contanminants at | ow concentration nust follow these
Jpathways. Cenerally, bacteria are larger than the pores in hePELc 2% at ed
carbon and it is the open structure (i.e. large interstices/pathways) of
t he pregembssrnvention that allow eghry of the bact er paTiUssy/B89% he
conposite allowi ng access to the surfaces of the activated carbon fibers
that define the boundaries of those interstices/pathways on which the
bacteria are effectively trapped. It should also be appreciated that the
bi nder only bi nﬁﬂuénh&dfchhﬁﬁt&‘poﬂgof[ﬂher intersections of one fiber with

anot her. Accordi ngly, st. o fiber urface e nai ntai ned
accessi bl e fzdrc°a'éf'§8$/gp§t?ng"n SBf 16?@%{34“6‘5‘“‘”% %g‘ﬂé{ﬁﬁ P 'Etﬁ’gsheirgﬁf tHf&hant s.

Wi | e the virus@sliffaapdd. SO generally too large to beconme entrapped in the
pores, they do becone entrapped on the extensive, external carbon fiber
surfaces t hap déf'P‘Pﬂé‘gt"r‘FemfebF‘t"‘ﬂ8&%0%%13%?}5’“6%?"&‘5{“&‘?%["i"&“eo#a"i"he conposite

structure. Agcorgiangkive 16 :h&ng thwugﬁ bunp 1Rhdsiafd @BEIngR6 pirhslegimbyr.t he acti vat ed
carbon fiber conposite | ter of the present invention is significantly

enhanced ovép aﬁ?“'ﬁ@t“ﬂ@'&f &‘”E‘&Hﬁ’éﬁ“’ﬁ ‘I’ftsf,ff"eﬂ\@l“ét“@l"&e available in the art.

I't shoul d bg)appifisd dtifd plifgihg fake present invention conprises a nmethod of
renoving contamnants froma fluid stream whether that fluid streamis an

air stream dp aTemiggiosPyPr-eam such as water. In one aspect, the method
conpri ses trgi SERRKRAE ABA@TaL.Ng the fluid streamthrough an ACFC filter
wherein the ACFC consists of fibers with an aspect ratio of _at |east 4:1,
the fibers 9avBumpitg:s yavree of steriledisnid reariyihraugh hoditerihatin? Binypr &f abl v

bet ween substanhb@hkys‘@e]volu%@%q,g@tgg activation; and the filter has a cured
density of between substantially 0.1-0.7 g/cm and nore preferably

0. 36- 0. 55 g/1&n8 Tamirgoffpamponi zat i on but before activation and an acti vat ed

densi ty of qe?t)\éﬁg,@ungﬂ{g%ts@wnh%m Qr Atk f{vq‘incgln%ﬁ VAR iR® bR biterth @bl y

0.076-0. 495 | owt ng "activation. Advantageously, since the carbon
fibers are rigi mllyptbdmdeﬂnalnor&erﬁ@nwuml@éo %rﬂﬁBﬂPFWFfPSP%‘BWY there is no

movement w thi nDEJZQm@QﬁaQEiQ?NtuQﬁer%QJQn@%qﬁrhmhm%% wabth de BREH 208 granul ar
carbon. Since noverrent often results, in attrition angt the roductlon of

carbon fines t haennagtipg itsa the matrixFoBtRINing Finsser bateriumy, (1 tegtg f rﬂaﬂ?ﬂﬁ’s t he

elinmnation of {hi&uRRWAHRBhctdrd udingh SEHIE magHatic st BRetbY the eftid whgr, novenent
can result in channeling that gives inefficient adsorption. Avoidance of

t hi s probl ent3i)s Tyming o8 PIMBNi fi cant benefit of this aspect of the present

i nvention. Thy fmJeLMam?hr%)ﬁﬁém&cﬁﬁteﬁ%ﬁﬁ)ﬁ'ﬁfatﬁx'ahﬁlfﬁd’\ﬁé ﬁtd%rmed&pem of the
i nvention, but IS no be consi dered tthedr }lher eto. .The protocol

used for testingegige2 TB&C'Fé‘r?%Bﬁag@ ths flqw rate or leng Itration rcqunrcs

refreshment of the virus/bacteria matrix, a final control must be taken for the old
matrix and a beginning control must be taken for the new matrix. Repeat this
process for all refreshment of matrixes throughout the experiment.)

15.) Collecting samples in sterile collection vesicles from effluent port of filter.
(Sample collection method and time of collection changes as flow rate changes.
For higher flow rates, samples were taken from a collection port using a sterile
syringe and were taken more often. At lower flow rates, samples were taken
directly from the end of the effluent hose and taken at greater time intervals.)

16.) Continuing to collect effluent samples until the desire time of filtration is
complete.

17.) Taking final control sample.

18.) Turning off pump.

19.) Serial diluting all samples in pre-made dilution tubes containing 4.5 ml of 1X



co/r bacteria adsorption fromwater in these exanples includes: 1.)
Connecting sterile, size 15, thick-walled Phar-Med tubing, using screw
clanps, to 31 DEC 2002 WO 00/04977 -22- PCT/ US99114999 i nf| §i1¢rDECap0g2

ef fluent ports of filter. 2.) Connecting sterile, size 16 Phar-Md tubing

to the |n¢vI0Lb%}ag97port of the filter usipg tabling adaptergeradsopn4¥osangi ng
the filter an upflow configuration and securing to a burette clanp. 4.)

Feedi ng si ze 16 tubi ng through punp heads and securing to punping notor.
5.) Connecting size 16 tubing to a source of sterile liquid matrix. 6.)

Setting desired puq\mn@(? teth.S: l ch shmgw TN Q(g\n tHThe ir@médi@?%’ﬂc@ﬂec{ hgw rate.

9.) Punping a volu sterl mat r ' x hrough the tilter that is a
m ni mum of five t|nmsnttbrvehsb9#léheuseﬂ the filter. 10.) Turning off punp.

11.) Inocul ati n%,)ﬁﬁ%? cggl &Rﬁl&#s%v?ineensctoﬁ\ lelef thd &lr{'lc??z rEg&[l& )ﬁiglatcla délngUS or

bacteria that uce a conce trat I on | S8
respectively. 12.) eBhesadoubtedtyenggaciszay (ditus) Qrtnomg)litc assays(baatériap AmqlmtSdenat rix
used to wash the filter an conne n he matrix containing virus
or bacterium (If tsélg?fﬁl%e?%rf A (eilﬁl a"qhodt I ?oﬁlsw ng to mix bacteria using a
steril e magnet iz:l.)stﬁlatm@mnpfe@in dublicaeend achéeve mnav)erageco).mflTurnrusgpr bastepanp. 14.)

Directly sanpli thelnoc ol L qui d trlxa 0 a sterile
col lection vesioh dncubgiing pia p\u§s %{%2041{°F g’F peryqdy stptd, ing Fo@vetﬁa pergl(c)xr: '?{ engt h of
filtration requiesAfiet e:fcnl&ﬁbrnﬁaho\mig plates Womuthé bmbaon andnaviunting, thesef thatal

control nust be taken for th and tr nust be
taken for the new rf8P%( ¥ ﬁéﬁ’éa‘t“'t ﬁ?g&{ BF%(P(S%?% or aal Pacgg'ft pcm °°u it of

mat ri xes t hr oughoutBatfdga @XOEY) ddBifing hre Hone) in Gi2lshre€mamgr.sanpl es in st erile
col |l ection vesmlesfromefflﬁt ort of filter. d%ﬁa chol ection

met hod and ti me%F Respriiag the LA XEISY Yarisip Fagnge ggg utoR AR her
flow rates, sanpl esymrlﬁaeytv@mu,ite@m a collection port using a st erile
syringe and were taken pore often. At | ower . fl ow Ver e t aken

directly from the) ehtsragme thecplats squpis and 'HB'é‘B'yﬁ'ﬁdhet"h{%?tﬁ‘c'éfm’@‘rs E’F dyiptiqo

intervals.) 16.) CoRdibrddl RBidicy GPihk @fbourRfof IdUQTHn wadTPérafiateiNtThis chllaﬁilaﬁtaSI re

time of filtration is
gives the amount of virus or bacteria in the original sample.

Plate | Plate2 Avg.plate  Dilution factor dil. per plate PFU/ml

25 25 25 10E+03 0.2 1.3E+05
Sample calculation (virus) = ((avg. plate *dilution factor)/dil. per plate) = PFU/ml in
original sample 25. Take the log (sample/control) to calculate logs of virus or bacteria removed

from the filtrate by the filter or ((control-sample)/control)* 100 for percent removal.

Examples | through 9 relate to adsorption of MS-2 bacteriophage.

Example |

The column was cut from a large block of carbon fiber composite OR 190. The
production method for this block, which gives a layered composite, involves mixing of
Anshan’s Carboflex® P200T pitch-based activated carbon fiber (R303T) with water and Durez
7716-2-step phenolic resin (OxyChem) in a weight ratio of resin to fiber of 1:4 in a dilute slurry
(slurry concentration about 15%). After mixing, part of the slurry was poured into a mold while
the water was drawn through a filter at the base of the mold by vacuum, and the fiber-resin
mixture adapts to the mold shape. The remainder of the slurry was added in increments,
providing sufficient times for water drainage. After the last part of the slurry was added,
vacuum was applied for 40 minutes to draw the remaining water through the cake and effect

partial drying. The composite was then ejected from the mold, and dried and cured at 200°C,



conplete. 17.) Taking final control sanple. 18.) Turning off punp. 19.)

Serial diluting all sanples in pre-made dilution tubes contaign n1 of
J X 31 DEC 2002 WO 00/04977 -23- PCT/ US99/ 14999 nutri ent bro[sﬂI B??A‘P@

sanples are not going to be imedi ately processed 2X nutrient broth should
be used. woohsoM ter serial dilutions bave been conpl et edrChwsedpes shoul d
be plated using either a double |layer agar assay (virus) or pour plate
assay (bacteria). Anpbunts of sanple plated are stated. in the nethod
protocols. 21.) Plating sanples in duplicate to achieve an average count
for virus,Qfcaldesitddlat §0°Cc22.) Incubati ng plates at 37C for the periods

stated in the nethod protocols. After jncubatio re I n | at f
t he i ncubat or Hidcaskonized ﬁ@)‘“??’fﬁ%é"aﬁﬁ n actjiyptedy n ftﬁa"hz§§/37ggt &gé °g’§p§??0els3‘FUrom

per plat eniBFenFloReat of 2 L/nkth 84n@ a8 rate BACRE/MBur( IThe ﬁﬁhﬁff@@ym’/& agd are
done in the same manner. 24.) Recording the nupber of viru teria

count ed aﬁ'@ i sanipnizatiphndrastiyasien yield 1owsiven 28%e J hodieeaee BER W °° 2’5“ ?fcthﬁleragl ng
L bl at eogauiLa, BTR! ok Gr bR BN il igUnsgRoNi g di | Ui on

factor and e anount of | ution used plate. This,
cal cul ation gAv@@ntnh‘eaSamen dte qpmpestechm.saétnerq dril rﬁfeﬁfhﬁt‘%’r Vi Adl fsanpl e.

mate ! Pyhtede @gggmeéoft%mhqeg ap tﬁea,?staﬁal I zboPB- 3P 3 B fnBRrbuckdb 25 25

10E+03 0. e calculation (virus pllate *dilution
fact or) / didgetherem apdlumrego makPEpA mtalllwgthmfﬁgllma‘llfhgaﬁbm@ ‘@‘.‘jﬁht qfdlRd1he | og

(sanpl e/ contro
filtrate by t thl]u br?ﬂLﬁﬁHJu?% g%’ﬁgg °Pés?a°r\{r‘g c‘ﬂ?!/ con&} o‘te)el’i)é ?dmnw{ﬁgg?eg%g[n the

rE>e(m)vi51I I Fvantioh @s alcolulmncuagked Owittetanreertiallvaaiadabie gronulas achigue %d@ﬂéﬁi‘\@bhage
anpl e ut fro I

R 160, ThEEHF AR CaEth S o R BB PR apon SRR et oSt £
co;rpos ![ t g,evahmgeﬂlf\n]?smadex?ngermbhagé,riﬂﬁdn \Gn€agrotl ea@(markmomremffﬁml Phsed
activated carbon. fi

esi - ( ocyear e pr AR o e B ptlls B npLhfEhn £ A6yl agBR 101! €
slurry  ( Shrioy4ochess emcr aihiile theakiOEC cdlfxd) wasammosqdiofmgged Wisks ofgompésite s| ur ry

was poured into a no
P stacked upon eacJ\ other Jl'he inlet concentration of virus to the GAC column was 2.82x10°

PFU/mI, while the inlet concentration to the ACFC column was increased approximately ten
times to 2.67x10" PFU/m!. The ACFC column clearly outperfomed the GAC column. A
conservative value of 10% of the average initial concentration was chosen as the breakthrough
point. The GAC reached breakthrough after about 11.7 hours, while the ACFC reached
breakthrough after about 25.8 hours. The amount of virus adsorbed per gram of carbon was
6.69 X 10® PFU and 1.39 X10'° PFU for F-400 and ACFC, respectively.

To summarize in more detail the adsorption results for the ACFC filter of the present
invention, the sample was tested for MS-2 bacteriophage removal at a flow rate of 259 ml/hr
(6.66 column volumes/hr) of water spiked with 2.67x10” PFU/ml of MS-2. The removal of M§-
2 was better than 3 logs (99.98%) for the first 24 hours, and 2 logs (99.62%) until 29 hours.
Detailed results of the column studies are shown in Table 1 (column #1) and as a log removal in
Table 2 (column #1). The results for granular activated carbon (GAC) filter are shown as prior

art in Tables 1 and 2.

Example 2

The column #2 was cut from a large block of carbon fiber composite OR 190. The
production method for this block gives a layered composite and was identical to the procedure

used to produce column #1 in Example 1.



t he'water was drawn through a filter at the base of the nold by vacuum and
the fiber-resin mxture adapts to the nold shape. The renal rvl\':/g @{1
Slurry was added in increnents, providing sufficient tines for t

drai nage. After the | ast part of the slurry was added, vacuum was applied
for 40 m'WAO¥M draw the remnining w&ter through the cdid/SY148% ect
partial drying. The conposite was then ejected fromthe nold, and dried and
cured at 200C, 31 DEC 2002 WD 00/04977 -24- .PCT/US99/ 14999 and car boni zed
at 650C. The carboni zed conposite was then activated in steamat 877C for 2
hours at a ni tThegamhorized\gomppsite gFasthery pgtiyated iy stgarpeat 87790 faf & bouess #f2 153

cc/ hour. mﬁogbfpﬁmate ae»@i/.%%‘ysndamatertm rst@roahssce%rh@anlm@tbh.ra@ff@epwwaha/at ion
yield loss wds 28% The average BET surface area of mat eri al was 800

2/ g. The thptawl qagbopization andyactivation yitldiasseyas 3B%yd e eye@se @ﬁ&éurfa&e a1t offhe was cut
fromthe WQF\!V%EQOS)I“ kar@deH?ty%fq{e aLtkanE ﬁﬁ&rlzl'vfars@(%" ctch alin. di amet er

core extractor. Five p eces of “the materi al abodt 2-3/4 in. tong were
stacked toget Hesolimm wascwk fram thaoblpekiz @singa dritl pread fittedrigittha bin. iameiencorg th a

col um vei gp%&?,CTﬂr%le? h 9f th(g.:%r&‘I Was 9%?@%@58%]9@:1;?&&{9’ Was 07, o %gm%ﬁg to

conpar e t He present invehtron to a col urnm ‘packe
comer ci alwag 158hg.| abl e granul ar activated carbon (GAC) Calgon F-400

(Cal gon Carbon (60t fune ELLLRHEI s POk HGe SEBARCAUSPRAL LNEo AT} | 2

were eval uat ed f &7 rus renoval  was markedly
nore ef fi qBéhtolomn aolum/lghbf batsi amltedrwmcrtﬁlo’hm/hbr Théren@d O(F Mfe2 Magure 3).

The Cal gon, E 6400 g@‘org‘gi@ﬁfomig‘%gr% 4|‘c’>“ t@:9 3&}() O HIES R G@%d 3"YQ 60 498 if\CFC

col um was site n eacn” ot her .
The inl et tneoﬂtmm rmmedneaﬂts\orvm atismrptioe tc@é@'e(sbd)wm’m mwss Qaraw(wscomﬁu m
whi |l e the# PI et concentration to the ACFC col um was i ncreased

appr oxi mat'@ y ten tinmes to 2.67x10° PFU mM . The ACFC colum clearly

out perfoned the GAC colum. A cons vatli e value of 10% of the average
initial concentration was chosen asiﬁeg-ﬁi akt hrough point. The GAC

reached breakt ércggjggu%féqs%gq?%eallas? he Ot ’thre 1f§retnp%lo€lg':§fsca$ %hﬁ%

br eakt hr ough af anoun VI rus a ed per gram
of carbon ogmposies @R 193, 19Ban@RP.qFke ptodyotio methiod fyr(thdse blofks4@igichngives agred

| S2PeOt ] Velohpedin WL bfiind FaiDbn S8k duvb BBCHRIUATS 08 Wbt hi bt e

ACFC filter resent ~ 1 nvention, e sa e was tested for Ms-
bact er i opH&dé 2fsermpha10hatesal rhlﬂonglatréwo@f @@Qlwlfehlof 146n aadilyts| sy (V'thnrres/ hr)

o 1 Sl e 51 o B e DYl My S

better than Flrst our _ I"'ogs "(99. 62%
until 29 hewmpigder onb slutrge‘/as astded ingnaémanteprovitingrenfeient timss for waichdsinagen Tabl e

I (col um ﬁ&gr tf’xienfejlstap%naof ltﬁ)eqslﬂmyé’illddu] vacuum was applied for 40 minutes to draw the

remaining water through the cake and effect partial drying. The composites were then ejected

from the mold, dried and cured at 200°C, and carbonized at 650°C.

The composites were then activated in steam at 877°C for 1.5 hours at a nitrogen flow
rate of 2 L/min. and a water flow rate of 100 cc/hour. The overall bumoff for the three samples
was 29.5, 30.5 and 19.4%. Total carbonization and activation yield losses were 37.5, 38.5 and
28.4%. The BET surface area of the material was 603-620 m*/g.

A column was cut from the blocks using a drill press fitted with a | in. diameter core
extractor. The length of the core was 2.70 in., the outside diameter was 0.91 in. and the weight
was 6.75 g. The density of material was 0.237 g/cc.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 300 ml/hr
(8.12 column volumes/hr) of water spiked with 8.0 X 10° PFU/m! of MS-2. The removal of
MS-2 was better than 3 logs (99.95%) for 6 hours, and 2 logs (99.72%) in the 7* hour. Detailed



Tabl'e 2 (colum #l). The results for granular activated carbon (GAC) filter
are shown as prior art in Tables | and 2. Exanple 2 The colu ﬁ% was cut
froma large block of carbon fiber conposite OR 190. The progh: &nlllet hod
for this block gives a | ayered conposite and was identical to the procedure
used to PoW®EB7col um # 1 in Exanpl e-28- 81 DEC 2002 WOPOUISWRYAPI- 25- .
PCT/ U599/ 14999 The carboni zed conposite was then activated in steamat 877C
for 2 hours at a nitrogen flowrate of 2 L/mn. and a water flow rate of
153 cc/ hour. The burnoff was 19% and the total carbonization and

act i vat i oresylisef the vossadsapticR8€ss aidsbowmviniTable | BEX2 GutefcalvendiBea of t he

mat eri al was 800 n2/g. The density of the activated material was 0.32 g/cc.
A colum was cut fromthe bl ocks usExagppleddrill press fitted with a | in.

di aneter core extractor. The length of the core was 3.5 in., the outside
di anet er was OT¥elcdlymn #hd behestadeiaglot framns 41i1. ddmeter cYlirairica bidck ofi@arberest ed

for M5-2 bacteriophage agdsorpti.on f rate. of 300 i/ hr . : col um
vol unes/ h??”&?m%sﬁ eé?ﬂs" D?Eee%foé)\ln’c%l?l" @&6@8" 1-1932%}1%}: .gwﬁae%eererf‘g\?gllpo%ﬁe%é% % was
better thalobs.| Aze h9Bir&OGhs bOP20B fiolubased darbangfibetsOR3ODLY were ntitee Witthour ,

d 31 99. 929 i h ' h . il ed, | f Vi [
Costs ar o SARAT MAETAN 98 o THARE 318 HRPERT i 8 pocemiip MU AR £0) T

#3 to be wmahefbr\safinales, 4b2l@mor l@m\eﬁwdi pdupddeinta blimdiemert cgltndbed nidld eid
conposites OR 193, 198 and 210, The productio t hod for these bl ocks,
bie “pigy B Bt 5T

whi ch gi valoyedya saile 1o fgia; ple watgg, r ¥ T HIPER - HBEE! M bon
fibers ]gRSQ?eRenMA'orfhoot/)\&t aia?mnﬁreaeﬁﬁz a]éoZvlzaﬁo ?eni&tfepl ahelrbefo'recadamgimb hext.a wei ght
ratio of resin to fiber o 4 in adilute slyrr; slurr concentration
aout S 5ogene Lsgt JHORF g pcdee. oo eeieplien ot A bR ok rer At PeREne . The
remai nder ydugh iR akdind)efva pardidictitging. THe R6th FEEREO Was théd Gactedi fRgh tdnfdid;afit ti nes

for water drainage. After the last part of the slurry was added, vacuum
was appl i dtiedasd curgd a4 2907Cfer § Bowsy aw t he remmi ni ng water through the cake

and effect partrh@lyctll ¥nfpBsite MAR thedRRtel &S st & §TMENIRIUBTHRH at hindfegbhie ol d,
dried and cured at 200C, and carboni zed at 650C. The conposites were then

act i vat ed fiow rase efinLémingmd € Wager flow satyof 408 cefhous. The busepbhiwas 28w %.r TeBRF 2
L/ m n. anduiackaebs the Aiveriainvas s M@0 cc/ hour. The overall burnoff for the

three sanples was 29.5, 30.5 and 19.4% Tot al crar oanatj on, and activation
yi el d | osses wér ¢olumn was eub frgmthe block using a drill press fitted with a 1 in. diameter core

extractor. The length of the core was 3.65 in., the outside diameter was 0.91 in. and the weight
was 14.6g. The density of material was 0.375g/cc.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 ml/hr
(8.02 column columns/hr) of water spiked with 8.2 X 10° PFU/ml of MS-2. The removal of
MS-2 was better than 4 logs (99.994%) for § hours, and 2 logs (99.79%) in the 6" hour.

Detailed results of virus adsorption tests are shown in Tables | and 2 (note column #4).

Example 5

This column #5 was made from the same block of material as column #4. After
activation, the bumnoff of the material was 28.1%. The BET surface area of the material was
895 m¥/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 3.71 in., the outside diameter was 0.91 in. and the weight
was 14.8 g.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 mi/hr
(8.35 column volumes/hr) of water spiked with 8.2 X 10° PFU/ml of MS-2. The removal of
MS-2 was better than 4 logs (99.9994%) for 2 hours, better than 4 logs (99.996) for the 3" hour,



28.4% The BET surface area of the material was 603-620 n2/g. A colum was
cut fromthe blocks using a drill press fitted with a |l in. dianmeter core
extractor. The length of the core was 2.70 in., the outside dilafgtaBl2nas
0.91 in. and the weight was 6.75 g. The density of material was 0.237

g/ cc. Thevasmwebre was tested for MS-2 bhacteri ophage adsor PETHROAHIE f | ow
rate of 300 m/hr (8.12 colum volunes/hr) of water spiked with 8.0 X 106
PFU M of Ms-2. The renoval of MsS-2 was better than 3 logs (99.95% for 6
hours, and 2 logs (99.72% in the 7'' hour: Detailed 81 DEC 2Q WD 00/ 04977
-26- PCT/ hig%8b 1¢p3 98.89%/6) Sarl thesfowrth tidoe Deétailed readitsonf pirnoaiserptdrstests @e shoswon i n
Table 1 an ote colu #3).. Exanple 4 The colum #4 to be tested was
cut from é{‘drl?%legi. a'?ﬂe%(ﬁﬁtfém'wﬁ)hdri cal block of carbon fiber conposite
F912. The production nethod for F912 whj %h gives a | ayered conposite was as
foll ows. Three hundred grans of Pzéé‘—a-&‘l{%h- based carbon fibers (R303T) were

mxed with 15 cec of ter nd 75 of ,Durg 716, 2. [C resin
was added to tﬁ'ge?%ux nu#r g?o %ftfséer% WY i?f)gm 3rm'5°‘? af?]aegcdgc élg,%ng,%g%ccg%g?ﬁg nurry was
pour ed i nfiber&otmpositeliFa2et Tie ryductich metbdd oftH9A0 avhith gites emmadlayeveds edntpositef or |

mn. while wat was,_ filtered off fore re slurry i ed in
i ncr enent ¥ayes ‘%B@"sczrh"ﬁa[’(‘,’ﬁérf‘ﬂ%'?'éhﬁ °ﬁ§"%’{‘r 28R ﬁ%‘é’f ?li&ebg# 5)‘rwle mixed  pefore
2gdi ng the«izgemo«:cﬁﬁfvharana hsg df mtez200% Z;ﬁep\/y&mrr\]d!iddﬁﬂi, Akfacmﬁu;ﬂg/\?fs ajjpkesed ff)r
mn. to draw the renmi ning water ¢thro t cake an t rtia
dryi ng. THE SRS pRused g at“Hgﬁ’"’éT"é‘EtcélH‘ Fe ﬂ\°{dng%ﬁﬂ1’ﬂ?reama aﬁweﬁgﬂs%%d cur ed
at 200C f g4 1D J2EUAES befdrB QpAYinEd VEQRORE R mi@S Thé1Edinpasitd wad Eectedfrorh aiem at
877C for 4.5 hours at a ni trogen flow,rfate of 2 L/En n. ang a, water fl ow
rate of 100 @nhewrd a0°G fornbheursyg dher differpcerprawqsphis Mperiaf and, the ones ¢ o
materi al \WesrigaopraRo@ly A tal Wid) ov@ss Galle bl Opbutine alll @ kmitfird1Gn ahediold press
fitted wwth a |l 1n. dianeter core , extracto e core was

| > . The length of th
3.65 in., SEHdagsgusly, d8t i HcEmens. giwing leg “P‘ﬁ.fr%m ibess R Pt ancf,\ggatm_aag_ The
density OfofFdshE ihalis NRRaybled 759/ CC. The sanple was tested for M5-2
bact eri ophage adsorption at a flow rate of 330 m /hr (58. 02 col ymm
col unms/ hr) of Thaeused compreits was then gotivatgd irpsteam pr 77 (s fof8.5hours b a niTagen, | of
M5-2 was hrivi@e of Daimi. ArdgSwdi@ NoRH4&of 100 cchrhiotiny RBSWHSR TagburG&OWANY) i n

the 6' hour. Detailed results of vjrus sQ/ption tests are shown in
Tabl es | &Rd72 ThaBEE swhceiprfe %fdﬁe.mﬁfﬁiw’ﬁ?sé%gm#i s colum #5 was nade fromthe

sane bl ock of nREMhRvast&t GOMUHRbIGL. usihbtaadrill press fitted with a | in. diameter core
extractor. The length of the core was 3.50 in., the outside diameter was 0.907 in. The density
of material was 0.431 g/c’.
The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 ml/hr
(8.91 column volumes/hr) of water spiked with 1.4 X 10’ PFU/ml of MS-2. The removal of
MS-2 was better than 5 logs (99.999%) for 9 hours, two logs (99.997%) in the tenth hour.

Detailed results of virus adsorption tests are shown in Tables 1 and 2 (note column #6).

Example 7

This column # 7 was made from the same material as column # 6. The method of
making is identical. The bumoff was 25.2%. The BET surface area of the material was 550
mY/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 3.538 in. and the outside diameter was 0.907 in. The
density of the material is 0.417 g/cm’.

The sample was tested for MS-2 bacteriophage adsorption at a flow rate of 330 ml/hr
(8.88 column volumes/hr) of water spiked with 1.4 X 10" PFU/ml of MS-2. The removal of



“activation, the burnoff of the material was 28.1% The BET surface area of
the material was 895 n2/g. A colum was cut fromthe bl ock ssi&qcﬁwgrill
.press fitted with a 1 in. dianeter core extractor. The |eng core
"was 3.71 in., the outside diameter was 0.91 in. and the weight was 14.8 g.
The sanpl e was tested for M5-2 bacteri 9 ohage adsorption ate of

330 m / hrYOP¥¥9% col urm vol unes/ hr) of *%at er spi ked wtha%c.‘guéégﬂﬁqéFU/m of
M5-2. The renoval of MsS-2 was better than 4 |ogs (99.9994% for 2 hours,

better than 4 logs (99.996) for the 3rd hour, 31 DEC 2002 WD 00/04977 -27-
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Exanpl e 6 al@iow®inimiBled1 Sd2qnbied édshedynvas cut froma 4 in. dianmeter
cylindrical block of carbon fiber conposite F920. The production method of
F920 which gives an unl ayered conpogixample®as as fol l ows. Three hundred
grans of P200 pitch-based carbon fibers (R303T) were mxed wth 3000 cc of
water and 75¢g qme&w@cz;o:?mﬁo&fostmpmmbmmm wae siade difdctlg s arl Xi. digmbeer, 45

m nut es, the slurry was, poure 4.in d. The
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20 mn. Tr@at&@ﬂ@?@bﬁl@ur%st@ﬂ ﬁﬁh&d: r@ilﬁmhhﬂa'mxmgl the smR¢ vﬁzblli)&ﬁ'ediﬁnozﬁﬂadf or 3
hours. The difference between this material and the ones descgribe

previ ous| ym#ds fromed 1 imil PMﬁé“tfesWh‘éfaéh"’b‘}bebffﬁ'Pl'Wé‘“éq jdapts do the ol 2pg, thse nol d

si mul t aneayglye wikitowl th R&HE R ND SecoldsvieltiFe kﬁﬁ;ﬁné 4 ORub Yort INGinf t@ES tHeO
settle and creating a conposite that is not %/ered The cured conposite

was then aiempipiag avgter throyghtherake aW@C?Rﬂf“ahd‘B‘"ﬁoG GCORPOSite 3 EISEHENITOP thsw r at e

of 2 L/m rlmo,@rhqd@urg@att%ooélf&vy}{oa,tse of 100 cc/hr in run # RTSA-58. The
burnoff was 25.2% The BET surface area of the material was 550 n2/g. A

col um was cut TFheshied Bempositrowastbemeptisatert in| steap a8 $47G for 34 hapms 1§t & nitroged.
di anet er CRJ& e&g?;r@%osﬁg a%er'fﬁwak ?flod&%oeprﬁ,e%ﬁ,oﬁr@a@ 28B%. THaGEquUt si de

di anet er ensi t mat eri al was O. g/c'. The sanple
was test edsuffacre amomhbatategmhvopﬁ@fge'/adﬁvrqstla"mwfm@teaalfwaéﬁ/42bs/ec of 330 m/hr

(8.91 col um v ,Lzm%?/p{}rn)cofatn Glag D EHL MU ok M iDbdller Sl 2. The

renoval of

S ur S,
(99.997% The wnéhttcefribth samplg was [b%tséua e% he é%'u'lnf' swaéfw%}?dr f?é "é 2 AT %Aﬁp?ﬂ&eest s
are shown i1, I3l £3 nghdd Aee(dF3060 Fidht!(8d.66 @dlumn volumes/hr) of water spiked with

5.6 x 10" PFU/m! of MS-2. The removal of MS-2 was better than 5 logs (99.999991%) for 10
min, then 5 logs for the next 10 minutes. The adsorption was stopped after 20 minutes before
saturation was reached. Detailed results and conditions of the virus adsorption test are shown

for column #8 in Table 3.

Example 9

The production method for this sample is similar to that for column # 8. It was made
from 28 g of P200 pitch-based carbon fibers (R303T), 120 cc of water and 7g of Durez 2-step
phenolic resin.

The curéd composite was then activated in steam at 877°C for 3.5 hours at a nitrogen
flow rate of 2 L/min. and a water flow rate of 100 cc/hour. The bumnoff was 26.6%. The BET
surface area of the material was 866 m*/g. The density of material was 0.435 g/cc.

An adsorption column was made up from the 3.77 in. long, 0.976 in. diameter sample.
The weight of the sample was 20.12 g. The sample was tested for MS-2 bacteriophage
adsorption at a high flow rate of 3000 ml/hr (64.90 column volumes/hr) of water spiked with
5.6 X 10" PFU/m! of MS-2. The removal of MS-2 was better than 5 logs (99.99991%) for 10
min, then 5 logs (99.999%) for the next 10 min. The adsorption was stopped after 20 min.



Exanple 7 This colum # 7 was made fromthe sane materi al as colum # 6.
The nmethod of making is identical. The burnoff was 25.2% P%F@E wace
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drill press fitted with a |l in. diameter core extractor. The |ength of the
core was 3.538 in. and the outside dianeter was 0.907 in. The density of
the mat eryaloohsdrP- 417 9/ cn. The sanpl.g.was tested for Mecrisonhens ophage
adsorption at a flow rate of 330 m/hr (8.88 colum volunes/hr) of water
spiked with 1.4 X 10 PFU m of Ms-2. The renoval of 31-DEC 2002 WO

00/ 04977 -28- PCT/ US99/ 14999 Ms-2 was better than 5 logs (99.9998% for 10
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An adsor pty P i amet er
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MS- 2 bact eniemoh@geatloadéklﬁﬂqf@n tfa$6é< W BF/ml.ow rate of 3000 m hr (64.60

col um vol urres/,ir) \Qf, f he
renoval of I\/B-ZQWaIsvgbe Ie%%’ﬁg“ﬁ% Iogsﬂ(Tbugh g%%ééo%%e{é{@tgé}o&l}{ﬁﬁesﬁﬂ_

| ogs for tnh@nnm«hanltﬁemqnlmé‘skc filkee, Fagiz®3.pt i on was stopped after 20 m nut es
before saturat,,on S h

virus adsorptio jﬁ tefsﬁ,\{a egicée"g gpconﬂ)}%g'?els 'ﬁpﬂ%%ﬁg‘m "ﬁ W@&@Q%n{?@n The
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made

ml/min and at loading concentrations of up to 5.6 X 10’ PFU/ml, Figure 4 and Table 3. When
concentration of influent was increased to 7.5 x 10° PFU/m!} and 5.6 x 10® PFU/mlI, the virus
removal was 99.99999% for flow rates of both 4 and 20 ml/min.

The efficiency of the composite is highest when inter-fiber spacing is small and density
high. In Example 3, where there is only 3 logs MS-2 bacteriophage removal, the density is 0.24
g/cc and inter-fiber spacing is 73.1 um. Conversely, in examples 6 & 7, where there is 5 logs
removal for 10 hours, the density is 0.417 and 0.431 g/cc and inter-fiber spacing is only 43.8
microns (um).

Note that even though these flow rates are low, ranging from 259 mi/hr to 3000 mi/hr
(or 7.7-67.0 column volumes/hr), the composites are expected to work at higher flow rates. A
second point is that these concentrations of viruses are extremely high (higher than the EPA
requirements) so filters will last much longer before breakthrough in any practical application in

virus removal from drinking water.
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20.3 99.686

24 99.98

26.8 99.82

8.9 99.62

(Flow rate: 259-330 mi/hr (7-10 column volumes/hr); MS-2 concentration range: 2.86X10°to 1.4X107)



mcrons (m. Note that even though these flowrates are |ow, ranging from
259 m/hr to 3000 mM/hr (or 7.7-67.0 colum volunes/hr), the conposites
are expected to work at higher flowrates. A second point is that these
concentrations of viruses are extrenmely high (higher than thd EBEC 2002
requirenents) so filters will last nuch | onger before breakthrough in any
practical ve@@rd4eytion in virus renoval3tfrom drinki ng wat 5@’”@?"&& 2002
WO 00/ 04977 -30- PCTIUS99/ 14999 Table | Renoval of Ms-2 bacteriophage from
Water by ACFCs of Different Densities [Ms-2] 2.82E+0 2. 67E+0 3. 00E+O

8. 0O0E+0 8. 20E+06 8. 20E+0 1. 40E+07 1.40E+07 (PFU M) 6 7 7 6 6 Density 0.37
0.33 0.32 0.237 0.375 0. 374 0.431 0. 4%sfhle{9/ CO Exanple # Prior Art 1 2 3 4
56 7 Tine Renoval (% (hr) 1 99.999 99.95 99. 9994 99 9994 99. 9998 99
9998 1.3 99. 97 Remogd obMS-Vmcriophageofiom Water b 44 FGyoidygenPeasis 3 99. 999

09. 95 99 OPS4—OP—ABEBE=CIRR=II—000n SRR . =9994
99. 897 99.P998 Qﬂ”%fm? Eg'_” i E%‘% 50 90B6 5 49917 99, 725 38" 98 lo9. 79
99. 9998 99}.9998 9 09dg g ba 594 09 994 9999199 999
99.9996 1P 99. PY7! os| 10 8| ob%034%%5. § %% dod~8h. )3“356 §8"od7 19,7
99. 984 Example | Prior art ] 2 3 4 5 6 7
#
Time Log Removal
(hr)
T 5 3 Y 3 5 5
1.3 3
2 4 5 5
3 4 3 4 5 5
34 3
4 4 3 2 5 5
5 3 3
6 3 2 3 5 S
7 2 5 5
8 5 5
9 4 5 5
10 4 35
10.8 k]
127
16 3
19.7
20.3 2
24
26.8
289

(Flow rate: 259-330 mVhr (7-10 column volumes/hr), MS-2 concentration range: 2.86X10° to 1.4X107)

Table 3

Removal of MS-2 bacteriophage from Water

Density (g/cc) | 0.427 0.427 0.435 0435
Example # 8 8 9 9
Time (min.) Removal
Log (%) Log (%)
5 5 99.999991 5 99.99992
10 5 99.999991 5 99.99996
15 5 99.99997 5 99.99994
20 5 99.99995 5 99.99983

(Flow Rate 3000 mi/hr; MS-2 Concentration 5.6X10’ PFU/ml)
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bact eri ophage from Water by ACFCs of Different Densities
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Adsorption of Cryptosporidium parvum. Organics, Herbicides and Iead

100 g of P 400 pitch-based carbon fiber was mixed with 25 g resin and 1000 cc of
water. The slurry was poured into a mold and the mixture was allowed to settle for 10 seconds
before applying a vacuum for | min. The composite was ejected from the mold, and cured at
200°C for 3 hr. The cured composite was then activated in steam at 877°C for 2 hr. at a
nitrogen flow rate of 2 L/min. and a water flow rate of 60 to 70 cc/hour. The burnoff was 47%.
The BET surface area of the material was 1179 m%g.

A column # 10 was made that was 2 in. long and 1.5 in. diameter. Potable water was
dosed with contaminants listed in Table 4, and pumped through the filter at a rate of 1.9 L/min..
A total of four liters of water were used. The pH of the water was 7.6 and it was obtained from
a local tap water supply.

The sample was tested for Cryptosporidium parvum adsorption at a flow rate of 1.9
L/min. of water spiked with 186,000 cysts/ml. The composite removed better than 3 logs or
99.94% of the C. parvum.

The loading of C. parvum is extremely high. Hence the material will perform even
better under more normal conditions when lower concentrations of contaminants are present.

The water was tested for chlorine adsorption at the same flow rate of water spiked with
3.0 mg/L of chlorine. The column removed better than 98% of chiorine.

The sample removed more than 98% of the herbicide lindane and more than 97% of 2,4
D loaded at 10 mg/L respectively. The sample removed better than 98% of chloroform when
loaded at 300 mg/L and 90% of lead when loaded at 147 mg/L.

Table 4:
Comparison of Activated Carbon Fiber Composite (ACFC) and

a Commercial GAC Water treatment carbon (Calgon F-400) in Water Treatment

Contaminant Inlet Conc. Outlet Conc. % Outlet % Removed
GAC Removed conc. ACFC
GAC ACFC
Odor 2 1 NA 1 NA
Chlorine 3.0 mg/L <0.05 >98 <0.05 >98
Lindane 10 mg/L <0.2 >98 <0.2 >08
24-D 200 mg/L 12 94 54 97




24 3 26.8 3 28.9 3 (Flowrate: 259-330 ml/hr (7-10 columm vol unes/ hr),
MS-2 concentration range: 2.86X10 to |.4X 10) Table 3 Renoval fDEE?U!?Z
bact eri ophage from Water Density (g/cc) 0.427 0.427 0.435 0. g anpl e #
8899 Tinme (mn.) Renoval Log (% Log (%9 5 5 99.999991 5 99.99992 10
5 99. 99994/b dooP97 99996 15 5 99.99997.5.99.99994 20 5 9PCIAHI146999. 99983
(Flow Rate 3000 ml/hr; Ms-2 Concentration 5.6X10" PFU m) 81 DEC 2002 WO
00/ 04977 -32- PCT/ US99/ 14999 Exanple 10 Adsorption of Cryptosporidium
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based carbon f bers (R303T) with water and Durez 7716 2-step phenolic resin in a weight ratio

of resin to fiber of 1:4 in a dilute slurry (slurry concentration about 15%). After mixing, part of
the slurry was poured in a mold while water was drawn through a filter by vacuum and the
fiber-resin mixture adapted to the mold shape. The remainder of the slurry was added in

increments, providing sufficient times for water drainage. After the last part of the slurry was

added, vacuum was applied for 40 minutes to draw the remaining water through the cake and
effect partial drying. The composite was then ejected from the mold, and dried and cured at
200°C, and carbonized at 650°C.

The composite was then activated in steam at 877°C for 30 minutes in a nitrogen flow
of 2 liters per minute and a water flow rate of 60-70 cc/hr. The burnoff was 8%, and the
composite was further activated at 877°C for 1.5 hr. with a water flow rate of 100 cc/hr. The
bumnoff in this stage was 15.7%, giving a total burnoff of 23.0%. Including the loss on
carbonization, the net weight loss was 32%. The BET surface area of the final product was 969

. m?/g. A column of activated composite was cut from the block using a drill press fitted with a 1
in. diameter core extractor. The length of the column was 3.35 in.; the outside diameter was
0.91 in. and the weight was 10.1 g. The density of the column material was 0.285 g/cc.

The sample was tested for E. coli adsorption at a flow rate of 300 ml/hr (8.48 column
volumes/hr) of water spiked with 1.5 X 10° PFU/ml of E. coli. The removal of E. coli was
better than 4 logs (99.997%) for 2 hours, 4 logs (99.99%) in the 3" hour, and 2 logs (99.83%) in
the 4® hour. Detailed results of the E. coli adsorption tests are shown in Tables 5 and 6
(Column 11).

Example 12

A composite was made from 20.0 g of P 200 pitch-based carbon fibers. The fibers were



bett'er under nore normal conditions when | ower concentrations of
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the same flowrate of water spiked with 3.0 ng/L of chlorine. 8eDE®I200m
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in a wight ratio of resinto fiber of 1:4 in a dilute Slurry (slurry
concentration about 15% . After m xExamplegdrt of the slurry was poured in a
nold while water was drawn through a filter by vacuumand the fiber-resin
m xt ur e adapt el@hd colthe #n13l o hegted whheut fromi thate diféefent hboclsd off cagpbanabeadded i n

i ncrenment s rovi gj sufficient tinmes.for water, drainage., Af.t er | ast
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concentration about 15%). After mixing, part of the slurry was poured into a mold while water

was drawn through a filter by vacuum, and the fiber-resin mixture adapts to the mold shape.

The remainder of the slurry was added in increments, providing sufficient times for water
drainage. After the last part of the slurry was added, vacuum was applied for 40 min. to draw
the remaining water through the cake and effect partial drying. The composite was then ejected
from the mold, and dried and cured at 200°C.

The composites were activated in steam at 877°C for 1.5 hr. at a nitrogen flow rate of 2
L/min. and a water flow rate of 100 cc/hour. The overall burnoff for the three samples was
29.5, 30.5 and 19.4%. The total carbonization and activation yield losses were 37.5, 38.5 and
28.4%. The BET surface area of the material was 603 to 620 m®/g.

A column was cut from the blocks using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 2.53 in., the outside diameter was 0.91 in. and the weight
was 8.18g. The density of material was 0.306g/cc.

The sample was tested for E. coli adsorption at a flow rate of 300 mli/hr (or 11.13
column volumes per hour) of water spiked with 4 X 10° CFU/mI of E. coli. The removal of E.
coli was 3 logs (99.91%) for 1 hour, and one log (96.53%) in the second hour. Detailed results

of bacteria adsorption test are shown in Tables 5 and 6 (note column #13).

Example 14

The column # 14 to be tested was cut from a 4 in. diameter cylindrical block of carbon

fiber composite F 919. The production method for F 919, which gives a layered composite, was
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Example 15

This column # 15 was made from the same material as in column # 14. The method of
making was therefore identical. The bumoff was 27.9%. The BET surface area of the material
was 891 m¥/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the drilled core was 3.52 in. and the outside diameter was 0.91 in.. The
sample was tested for E. coli adsorption at a flow rate of 318 ml/hr (or 8.48 column volumes per
hour) of water spiked with 1.3 X 10° CFU/m! of E. coli. The removal of E. coli was better than
4 logs (99.998%) for | hour, and one log (98.6%) in the second hour. Detailed results of

bacteria adsorption test are shown in Tables § and 6 (note column #15).

Example 16

The column # 16 to be tested was cut from a 4 in. diameter cylindrical block of carbon
fiber composite F 920. The production method for F920 which gives an unlayered composite

was as follows. Three hundred grams of P200 pitch-based carbon fibers (R303T) were mixed



drai-nage. After the last part of the slurry was added, vacuum was applied
for 40 mn. to draw the remaining water through the cake and effect
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making is identical. The bumoff was 25.2%. The BET surface area of the material was 550
m?/g.

A column was cut from the block using a drill press fitted with a 1 in. diameter core
extractor. The length of the core was 3.538 in. and the outside diameter was 0.907 in..

The sample was tested for E. coli adsorption at a flow rate of 320 ml/hr (or 8.54 column
volumes per hour) of water spiked with 9.1 X 10° CFU/m) of E. coli. The removal of E. coli
was better than 5 logs (99.999%) for 1 hour, and one log (95.2%) in the second hour. Detailed

results of bacteria adsorption test are shown in Tables 5 and 6 (note column #17).

Example 18

The production method for this material which was made directly as a 1 in. diameter, 4
in. long column involved mixing 24 g of P200 pitch-based carbon fibers (R303T) with 120 cc of
water and 6 g of Durez 2-step phenolic resin. After mixing, the slurry was poured into a mold
made from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The

mixture was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the



adsoTptlon at a flowrate of 300 m/hr (or 8.30 colum vol unes per hr) of
water spiked with 1.3 X 100 CFU mM of E coll. The renoval of g#a was
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was 3.54 in. and the outside diameter was 0.907 in.. The sanple was tested
for E. coli adsorption at a flowrate of 328 m/hr (or 8.78 colum
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mat eri al was ensi t nmat eri al was 322 g/cc.. Note that

thi s mat efharemexal Oﬁﬁgmwmﬁﬁf‘f‘a&%éﬂgsﬁﬁ%%@ﬁ%l) iferr 9. %ﬁ‘ﬂ'ér LY %dsmk‘rﬁm‘aﬁgsor ption
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hour) of water spiked with 1.4 X 186 szom of E. colt. The renoval of E
co/i was better than 4 |ogs (99.99 8 min. The adsorption was

stopped after 10 mn. before aturatl reached iled.results and
conditions of [EMe pEfyctionfmehost ﬁ%bﬁ“stség‘tp 2\ ‘E%mf 9 dnet £9 Gl RSt ?coﬁ um #
18) . made from 24 g of P200 pitch-based carbon fibers (R303T), 120 cc of water and 6g of Durez 2-

step phenolic resin.

The cured composite was then activated in steam at 877°C for 3.5 hr. at a nitrogen flow
rate of 3.2 L/min. and a water flow rate of 160 cc/hour. The burnoff was 21.3%. The BET
surface area of the material was 765 m%g. The density of material was 0.437 g/cc. Note that
this material had only half the burnoff of the two previous columns.

An adsorption column was made up from a 3.66 in. long composite of diameter 0.975
in. weighing 19.57 g. The sample was tested for E. coli adsorption at a high flow rate of 3000
ml/hr (or 67.0 column volumes per hour) of water spiked with 9.1X 10° CFU/ml of E. coli. The
removal of E. coli was better than 3 logs (99.97%) for 5 minutes. The adsorption was stopped
after 10 minutes before saturation was reached. Detailed results and conditions of the E. coli

adsorption test are shown in Table 7 (note column #20).

Example 21

The production method for this sample is the same as that for the column # 18. It was

made from 24 g of P200 pitch-based carbon fibers (R303T), 120 cc of water and 6 g of Durez 2-
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E. coll. The renoval of E. coli was better than 3 logs (99.97% for 5

m nutes. The adsorption was stopped ai’btesr 10 m nut es bef ore saturation was
reached. Detailed results ?nd o séér#ﬁ Dg'ie adsorption test
are shpwn in Tabl e ‘Fe("ﬁfﬁlé %(5‘?{1 ﬁ‘f’ y N rigg, e'ﬁf‘ﬁauctl on net hod

e from
i °r§+°f H@%')% 1@?*8% S G a0 b g of
Durez 2 Density] 0.285 not act 0.306 0.361 0.348 0414 0412
Example # 11 12 13 14 15 16 17
Time(hr) Removal (%)
0.5
1 99.9967 60 99.914 09.9984 | 99.9984 | 99.9989 | 99.9989
1.5
2 99.9967 43.59 96.553 99.32 98.577 82.19 95.22
3 99.99 38.46 87.8 79.84 732 47.58 41.76
4 43.59
5 99.832 33.33
6 99.299 43.59

(Flow Rate 300-328 ml/hr (8.3-8.8 column volumes/hr); E. coli concentration range of

2.86X10° to 1.4X107)



31 DBEC 2002 WD 00/04977 -39- PCT/US99/ 14999 step phenolic resin. The cured
conposite was then activated in steamat 877C for 3.5 hr. at a nitrogen
flow rate of 3.2 L/nmin. and a water flow rate of 160 cc/hour. THd A
was 21.9% The BET surface area of the material was 776 n2/g. The density
of the 8'ookosyas 0.418 g/cc. Note fpat this material degrusoriagohal f the
burnoff of the previous colums # 18 and # 19. An adsorption colum was
made up froma 3.69 in. long conposite of diameter 0.999 in. weighing
19.79 g. The sanmple was tested for E. coli adsorption at a high flowrate
of 3000 m/hr (or 63.3 colum volunes per hour) of water spiked with 9.1 X
105 CFU M of E. coll. The renoval able 6 o | was better than 4 | ogs

(99.999% for 5 mn. REhRvALBLIBLIAM Waer By AUHR@F DifeliRy DekGitied n. before
saturati on was reached. De_t ailed results and conditions of E. co/i

adsor pt i or (BT PDEd0s ST.400 BH05 1 9.3 EIDe 13 £406) | 9.1 BJ0s0 &1 Evopgval of
E. coil f : Al of Difffering|Densitiies [E.coli] 4.5 E+0F 1.95
405 4.0 §r05 53ndy Dy IERNG T JSH9S 90BFTSO O NI TRy J0. 285
not ac JoU0 oL ToJUNY NI O&T diTyy € HE T2 134 15130
Time(hr) He ?‘?ﬂ?‘% Sl LI '%m;‘;,,@g?i 94—8554—bg 9884999949
99. 9989 —b2° 9909587 435 0meO G B3O G Al et G RGeS 3O ) 38. 46
87.8 79.84 73 %947 5k 41 7d 4 43150 5 od 832 33 33 3l ag 209 43 5g(Fl ow
Rate 300- 328 mY hr (B 348 col um vol unds/ h4r); 4coll céncelnt Vile-I—J—GI’I range
of 2.86X] 75 07) 3l DE%I 2002 ]V\D 00/2049'71 -]40- PCT/ 11599/ 14999 Tabl'e

2 4
° 3 4 0 0 0 0 0 0

4 0

5 2 0

6 2 0

(Flow Rate 300-328 ml/hr (8.3-8.8 column volumes/hr); E. coli concentration range of
2.86X10° to 1.4X107)
Table7
Removal of E. coli from Water by ACFCs of Differing Burnoffs

Bumnoff(%) 41.2 41.2 20.1 20.1

[E.coli) (CFU/mI) 1.4 E+06 1.4 E+06 9.1 E+05 9.1

E+05

Density(g/cc) 0322 0.326 0.437 0.418

Example # 18 19 20 21

Removal

Time (min) Log ! % log ! % lo : (% lo! (%
' ' g g

5 S 1 99.9998 5 999998 |3 : 99.97 [4 : 99.99

6.5 5 1 99,9998 5 1 999998 |1 9842 2. 99.38

8 5 99.9997 5 1 99.9998 |1: 9394 |1 : 98.34
9.5 3 999 5 99.9998 : :

(Flow Rate 3000 ml/hr (63-67 column volumes/hr); E. coli Concentration 1X10°-1.4X10¢)

Summary of E. coli adsorption studies from Examples 12-24

From the data in Tables 5§ and 6 and Figure 3, it is apparent that the efficiency of the
composite increases with composite density, Figure 3.

Figure 4 and Table 7 illustrate that the efficiency of bacteria removal is also dependent
on the extent of carbon burnoff. The sample with 40% burnoff (Columns 31 and 32) gives 5

logs of removal while the sample with 20% burnoff (Columns 35 and 36) only gives 4 logs or



Removal of E. coli from Water by ACFCs of Differing Densities [E coh] 1.5
E+05 1.95 E+05 4.0 E+05 1.3 E+06 1.3 E+06 9.1 E+05 9.1 E+05 (CFU/ )
Density 0.285 not act 0.306 0.361 0.348 0.414 0.412 Exanple #gklpg® 8@ 14
15 16 17 inme(hr) Renoval (log) 0.5 14034444 1.502401210I
3400 Owdéhdmd 0520 6 2 0 (Flow-Rate 300-328 m / hrcT@&934H98 col umm
vol unmes/ hr); E. coli concentration range of 2.86X 106 to 1.4X 10') Table 7
Renoval of E. coli fromWter by ACFCs of Differing Burnoffs Burnoff (%
41.2 41.2 20.1 20.1 [E coli] (CFUmM) 1.4 E+06 1.4 E+06 9.1 E+05 9.1 E+05
Densi t y( 0/ rs)of empea). 0. 326 0. 437 0 418 Exanple # 18 19 20 21 Renoval to %
12 Time (mn) Log l'a 99. 9998 5 99. 99 4 99.9 6.5 5
99. 9998 5 99. 99 di“@!?%‘g’“% "@‘9‘“38“%"%“@@ 5887 %?%%é%é’?%“&é'a% *??3’8
9. |5 3C89 rake S19p %ﬁ)%OHgMG \(UBQJG'?%Vﬁlﬁnﬁ%/h()@&-aﬁ]nl&&bhb&ﬁtrétﬁh UﬁES/Xhl‘O)’ E.
coll ncentrati o X1 1.4X
from Exarrp?@g nllz\\g\&n the inlet concer%?a%on ofsgnggflr\%s mcreased t%ogg %iscg-rlﬁm‘ Oan )Jdl €s
the removal efficiency was at least 99.999999%. The concentrations of £. coli used in these
experiments are much higher than what would be experienced under normal conditions in water

treatment.
A summary of the cured composite density, inter-fiber spacing, void volume, activated

composite density and burnoff parameters for various columns in Examples 1-21 is set forth in

Table 8.
Table 8
ACFC Properties
MS-2 experiments
Example # Cured Density Inter Fiber Void Volume Activated Bumoff
(g/ce) Spacing (micron) Density (Vo)
(micron) (g/cc)

I 0.39 66.4 79.5 0.33 28.0

2 0.39 66.4 79.5 0.33 28.0

3 0.36 73.1 81.1 0.24 34.8

4 0.49 49.8 74.2 038 28.1

S 0.49 49.8 74.2 0.38 28.1

6 0.54 43,8 71.6 0.43 25.2

7 0.54 43.3 71.6 0.43 25.2

8 0.55 429 71.2 0.43 28.6

9 0.55 42.4 70.9 0.44 26.6

E.coli experiments
Example # Cured Density Inter Fiber Void Volume Activated Bumoff
(g/cc) Spacing (micron) Density (%)
(micron) (g/cc)

11 0.36 73.1 8L.1 0.24 34.8

13 0.37 70.8 80.5 0.30 32.0

14 047 52.5 75.3 0.36 279

15 0.47 52.5 75.3 0.36 279

16 0.54 43.8 71.6 0.41 25.2

17 0.54 438 71.6 0.41 25.2

18 0.52 46.0 72.6 0.32 41.2

19 0.51 47.2 73.2 0.33 413

20 0.52 46.0 72.6 0.44 213

21 0.52 46.0 72,6 0.42 219

Example 22



Fromthe data in Tables 5 and 6 and Figure 3, it is apparent that the
efficiency of the conposite increases with conposite density, Figure 3.
Figure 4 and Table 7 illustrate that the efficiency of bacteri 4 Bp®OBI2 is
al so dependent on the extent of carbon burnoff. The sanple with 40%
burnoff (Colums 31 and 32) gives 5 1logs of renoval while the sanple with

20% bur nayp ots@hmms 35 and 36) only gjpves 4 | ogs or 31 DETAEI0249990
00/ 04977 41- PCTI US99/ 14999 | ess of renmpval. The data al so shows that the

conposites can renove at least 5 |ogs of bacteria at a flow rate of up to
3000 MImn (up to 67 colum volunes/hr) for an inlet concentration of 1.4

X 10 CRU . Bhepr tshestindird ha®@RcRed makstiag ofbaderiaG@bvald@®mi watéremgedst 0 5. 5

x 10" CFU M of E. coli _the renpva i cien wa t | t 99999%
The concens§iP] Bes obthe festing f the garbep § %br?’ f’[\"é%e% éﬁ'ﬁ'éﬁ"‘?swgﬁ’m%%g‘;éa' ﬁﬂ&ﬁ ghe(;

than what WowaekiR& ©%RRF bGRIa UREeas BenEne GBI the tadWRgtidn Mo W Bdcterit [4at ment .
A summary of the cured conposite density, inter-fiber spacing, voi d vol une,

act i vat ed Weephies Thecprerugtign methadfonthis Fomposissy which é(F%mF‘E?ras\?a‘ podiemgst rms i n
Exanpl es 3j, agng céluﬁl‘ﬁgnvtaglw mmrl%e gE%'? P£00DitcH-8REE catbor/¥idefs éR)@n?Mth €30 ccp- 2

experinments EXanple Sity Inter Fiber Void Volune Actjvated

Bunof f  ( graser pndsp acof rhgtee nh@phmr)emmeﬁ&m'ywm the slyrmy o poyred k) a mold mege g6 4

79.5 0.33
0 49 49,0 T 3! BHEPYg PR dhefgnbls dmitiire afls Sping ol Bine, W 6 0,43

25.2 7 0.v%4ali@ved 17sent for. W3Fe@Bdsbefoge pplyigapvaguup fop 1 i 3o ggwghe remeining 42, 4
70.9 0.44 @a@erg\roﬁhmlciakeea)ﬁg g{fécpfa%asl\’ drying. The composite was ejected from the mold, and
cured at 200°C for 3 hours.
The cured composite was then activated in steam at 850°C for 4.5 hours at a nitrogen
flow rate of 2 L/min. and a water flow rate of 102 cc/hour. The burnoff was 38%. The density
of material was 0.346 g/cc.
An adsorption column was made up from the 2.01 in. long, 0.99 in. diameter sample.

The weight of the sample was 8.19 g. The sample was tested for adsorption of 4. hydrophilia
by hydrating the composite with 10 cc of sterile saline (void volume of the column). 20cc of a
0.1 MacFarland solution of A. hydrophila containing a total of 2.44x10* CFU was applied to.
the column over a one minute period. Two ml aliquots were collected serially for the first 10
mi and then every 50 ml until 1 liter of sterile saline had been passed over the column. Aliquots
from each collection fraction were cultured. All cultures were sterile except the one collected at
750 ml of saline filtrate. This aliquot contained | CFU/ml. The total decrease in bacterial
count was 7 logs or 99.99999 %.
Examples 23 and 24; adsorption of mixtures of MS-2, E. coli and Cryptosporidium

parvum.

Example 23

The production method for this material, which was made as a 1 in. diameter, 4 in, long
column involved mixing 28 g of P200 pitch-based carbon fibers (R303T) with 120 cc of water
and 7g of Varcum 1-step phenbiic resin. After mixing, the slurry was poured into a mold made
from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.



Exanpl e # Cured Density Inter
Spacing (mcron) Density (%
13 0.37 70.8 80.5 0.30 32.0
0.36 27.9 16 0.54 43.8 71.6 0.41 25.2
6 0.32 41.2
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cc/ hour. The bummﬁhﬂ» s 3¥ightt® dengi t yBurodff (Pax er i [aFlowsme(@®/846 fj/ cc. An
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sanple. The meigﬁt off the s Sle was |8. 19 d: The sanpl e was testid for
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sterile salihe TIME( volune SRt he cqunn).%@@cc of la 0. 2Rimcfar|and
sol ution of |A dr 340 PR/ 10814819 has hpplied to

1 Hour 99.9993% 99.99992% 99.93%

3 Hour 99.999991% 99.99992% 99.93%

6 Hour 99.9999% 99.99992% 99.93%

10 Hour 99.9996% 99.99992% 99.93%

15 Hour 99.999991% 99.99992% 99.93%

Example 24

The production method for this material which was made as a | in. diameter, 4 in. long
column, involved mixing 28 g of P200 pitch-based carbon fibers (R303T) with 120 cc of water
and 7g of Varcum 1-step phenolic resin. After mixing, the slurry was poured into a mold made
from a 1 in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 10 seconds before applying a vacuum for 1 min. to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.

The cured composite was then activated in steam at 877°C for 3.5 hr. at a nitrogen flow
rate of 2 L/min. and a water flow rate of 100 cc/hour. The burnoff was 44.0%. The density of
material was 0.313 g/cc. An adsorption column was made up from the 3.75 in. long, 0.961 in.
diameter sample. The weight of the sample was 13.85 g. The VRI, BRI and PRI was
determined according to Test Methods described in Section 1X. The inlet concentrations of
bacteria, viruses and protozoea are indicated in parenthesis after the BRI, VRI and PRI,

respectively.



t he ol um over a one minute period. Two ml aliquots were collected
serially for the first 10 m and then every 50 ml until | liter of sterile
sal i ne had been passed over the colum. Aliquots from each col §¢cBgoR02
fraction were cultured. Al cultures were sterile except the one collected
at 750 mvoobossatine filtrate. This al#¢uot contained 1 CREFH$IY14HE t ot al
decrease in bacterial count was 7 |logs or 99.99999 % Exanples 23 and 24;
adsorption of m xtures of M5-2, E. coli and Crypiosporidium parvum
Exanpl e 23 The production nethod for this material, which was made as a |

in. dianeter, 4 in, long colum i nvoI ved m xi ng 28 g of P200 pi tch based
carbon fi ber L ert=6 S G s

phenol i ¢ res| keneikfipgh
al in 1ID : 1 ;
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2 L/ mn. andfFa—wpter WA B 100 11 d b ; 9% The
BET surface are Mo t1e ngg;’g‘egrﬁ?gg 7 905 9%5?990 densi't}? of maflerial was
0. 359 g/cc. on c§J. qumo/owas rrade 99199¢9’0%nthe 3. 689%%. [ong, 0.974
in. diameter |, BRI

and PRI was scri B8d%Tn sedtion I X
The inlet cok ' di cat ed

I n parent heS|s after the BRI, VRI and PRI respectively. Length(inch) Weight
(g) Burnoff (9% Flow rate(nt/rrin) ExaRplé® 36 36.9 4 TIME BRI VRl PRI

Hour 99, 999901985 BRABE a0 SaRBle it v e DU BapEBE IS, %Y
99. 9996% ADIAHDD AR HvED MBI 241HoHR200 pid- A 3rboH GBer9FIOTYPLvE . 13826 of water

and 6 g of Varcum 1-step phenolic resin. After mixing, the slurry was poured into a mold made

from a | in. ID PVC tube, where the fiber-resin mixture adapts to the mold shape. The mixture
was allowed to settle for 2 seconds before applying a vacuum for | min. to draw the remaining
water through the cake and effect partial drying. The composite was ejected from the mold, and
cured at 200°C for 3 hr.

The cured composite was then activated in steam at 877°C for 4.5 hr. at a nitrogen flow
rate of 2 L/min. and a water flow rate of 100 cc/hour. The burnoff was 40.0%. The density of
material was 0.313 g/cc. An adsorption column was made up of a 0.975 in. diameter by 3.55 in.
length weighing 13.62 g. The sample was tested for E. coli adsorption at a flow rate of 6000
mi/hr (or 132 column volumes/hr) of water spiked with 5 x 10* CFU/ml of E. coli. The removal
of E. coli was 6.8 log for 15 hours. Additionally, the MS-2 removal was at least 4.5 log up 10
10 hours The VRI, BRI and PRI was determined according to Test Methods described in

Section [X

In summary, numerous benefits result from employing the concepts of the ACFC's of
the present invention. An ACFC filter is provided that is useful as a respirator filter or a clean
water/drinking water filter. The composite filter has an unique open internal structure and a
large reactive surface for adsorption which allows for more efficient and rapid removal of
contaminants that is attainable with conventional filters of granular activated carbons. Further,

this efficient adsorption is achieved in a relatively short contact time and with low pressure



Exanpl e 24 The production nethod for this material which was nade as a |

in. diameter, 4 in. long columm, involved mxing 28 g of P200 ,jpj E-Msed
carbon fibers (R303T) with 120 cc of water and 7g of Varcum 1&&%
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vacuum for | mn. to draw the remaining water through the cake and effect
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One process for building a free activated carbon fiber filter capable of removing viral

pathogens from a liquid comprises placing activated carbon fibers into a hollow cylinder and
applying linear force along the axis of the cylinder, thus compressing the fibers. [t is to be -
understood that the liquid to be treated will be flowed along the axis of the cylinder which is
also the axis of compression. The axial compression described is but one means of compressing
fibers and other means of compression include, but are not limited to, hydraulic pressure across
a membrane, opposed knuckles on a roller pressing against the fibers placed in a hollow form, a
levered pressing element, and a hydraulic press. It is to be further understood that the cylinder
could as well be any other shape such as box or cone which lends itself to axial compression of
the fibers. Additionally, the activated carbon fibers can be shaped into an annular shape to take
advantage of radial flow.

Further and optionally, the carbon fibers may be selected from a range of diameters so
that when placed together, the interstitial spacing between the first, and larger, diameter fibers
will closely conform to the second, and smaller, diameter fibers, and so that successively
smaller diameter fibers will closely conform with the remaining interstitial space between the
various selected larger fibers. By the selection of fiber diameters and lengths, the size, form
and surface area of the interstitial space can be substantially controlled and made uniform at a
smaller scale than would be possible if a single fiber diameter is used. Additionally, the

activated carbon fibers may be combined with other materials, of different shapes, to control
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formed conposite. ters Co ge Activated Carbon Fi bers As
di scussed” %%B'\P(?c"'?‘F?"B‘h ‘g%‘ggﬁ‘i‘?m 8“&'&%& invention is directed to

filters conpri shed@llovihgExanples Wadng @ maembtara mtebeme preeht divanmssbmpnsing this

section rela ructures ted
carbon fi ﬁ&?xgg“‘rﬁ?gﬁ?@gﬂ (59&)°"8f"°?sﬁ & H'r ?2‘311‘(‘% Pﬁ) réééga%s %cu@sed in
detail. Ome TesoMeendd describied linliSagioa IXr las&oxactu \sbdudd] rcz:agrbmd thatbehilef theteer
capabl e of removi at h d,, conpr.i
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understood that the liquid to be treated will be flowed along the axis of
the cylinder which is Example A

Filter Preparation

Free ACF is packed for analysis as filters utilizing stainless steel cylindrical holders
available from Robert James Sales, Inc., Cincinnati, OH, as part # PR1216. These holders have
an internal diameter of 2.54 cm. The stainless steel holders are cleaned with dish washing
detergent (e.g. Dawn®), bleach (e.g. Clorox®) and diluted with tap water (e.g., 5:1000
dilution). The holders are rinsed with warm tap water, then rinsed again with isopropyl alcohol.
The holders are air dried for 3 hours then assembled and packed according to the following
procedure.

An effluent end cap and gasket are clamped onto the stainless steel holders. An O-ring,
a spacer, and a one inch diameter 80 mesh stainless steel screen is placed into the bottom of the
tube. Fourteen grams of Anshan’s Carboflex® P200T pitch-based activated carbon fiber are
added to the holder. An O-ring, a stainless steel 80 mesh screen and spacer are inserted in order

on top of the ACF in the cylinder. A gasket is placed on top of the holder. An influent



al so the axis of conpression. The axial conpression described is but one
means of conpressing fibers and other neans of conpression in Iude but
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WO 00/ 049 avaxirdhiin spEﬁ!l’/ Uﬁ%nbrbd@&gsmmsed are iMS- albamqmphagg(m&mhn TgteeCultates may be

car bonace n r h pt i t ctivated
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bound si l \myp:womxh@pwbmtmealsmﬂal FamprEand D). oTlprrl&udalmk obthe tnecroarigardmisoni es
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conpri sed f. aligned |arger fibers conpressed with a plurality of smaller
fibers so P%Cf"p{ > SHE é‘?’ "fibers fill inthe interstitial space between
the large fibers form ng successi vel ¥Rl l er and parallel interstitial

spaces along the axis of the fibers and continuous in the axial fiber
direction through the entire structure. In this enbodinent it can be seen
that the size of ?he Interstitial spaces created iq nuch snaller than the
fi ber menbers andjuni f Micrcbigamieh t he| st Ougdnisis/Iand jcan readily be
controll ed by thefdrameter of the Ti1bers selected. the foll ow ng Exanples A

and Billustrate filter godotit he present imsvwaotion donprising free ACFs
and also illustra how one neasures [ne BRI, VR arjd PRI, as per the
description in MS-2 5% 10°

Cryptosporidium parvum 6x10°

Microorganism Filtration
The filters prepared above are connected to an EXPERT Peristaltic pump (model CP-

120) produced by Scilog, Inc. (Madison, Wisconsin) using Pharmed tubing (1/4 in. ID with 1/16
in. wall thickness). The pump is calibrated to a flow rate of 100 ml/min using dechlorinated and
sterile water.

Influent is flowed through the sample filter at a rate of 100 mi/min. for 15 hours (i.e.,
135 bed or column volumes/hr). 50 mi samples of effluent are collected into 50 ml graduated
conical centrifuge tubes for assay of MS-2 bacteriophage and E. coli at | hr., 3 hr., 6 hr., 10 hr.

and 15 hr. Three 50 ml samples of effluent are collected into graduated conical centrifuge tubes



t he, Test Methods described in Section I X below. 1t should recognized that
whil e these pathogen renoval indices relate to a flowrate of test fluid
of 100 m/mn., many of the-filters of the present invention v@1 IDE€X2p020i t
sinilar removal benefits at si gnificantly higher flow rates. le A
Filter Préy@pe#ptn Free ACF is packed f8r analysis as fil tPé'rT§-’Sa?’F M%i ng
stainless steel cylindrical holders available from Robert Janes Sal es,
Inc., Cncinnati, OH as part # PR1216. These hol ders have an i nt er nal

di anmeter of 2.54 cm The stainless steel hol'ders are cleaned with dish
washi ng  déaraesgeof Cryprogoridermngraym atthe sapte tinee igten@lsas ahqve) Tabia B ogilinegthel wi t h

tap water i rinsed with warmtap
wat er, the%'%?l?"ﬁgf%mé@g?egeﬁo |@gkf%sp€§faﬂc%ﬁg®r&rn$w hol ders are air dried
for 3 hours then asserrbl ed and packed according to the foll ow ng

procedure. An effluent end cap and gaﬁ}sgt are clanped onto the stainless
steel holders. An O-ring, a spacer one |nch d| ameter 80 mesh

stainl ess ---—*—‘——:-:-—-—---»f----——--—-—:, == =i t=t=are Bes=—turge=—Fpur t een
grans of Ansha ar bof | ex(r) P200T 8 5) ctj va ‘58 ‘bop fiber are
added to the hg J‘” EARIS ng LYSAMpeNee B SHRRR NEECEYenl and spacer
are inserted ijn order on top of the ACF in the cylinder. A gaskgt is

pl aced on top bf the Hédter. Anlinfluent 81 DEC|2002 Wb 00/0497) -47-
PCT/ US99/ 14999 pi ston/ screw end|cap, with Orings added to the pfston, is
inserted into ghe topM8f2 t he hollder and! cl anped on usirfg a sanifary
fitting clanp.| A 8. 76 cmtarget Lbed depth of ACH material is acmi eved by

adj usting the |pi storC.pgs#mi on usi ng a sldcket wranch. ThHWO0bed vol ine is 44.4
cm. Influent Preparation The influent Is prepared by addi ng (seeding) the
requisite vglr%rrre of gosncentrat ed stock for each mcroorganismto 100 L of

dechl ori na % zed water. The microorganisms are seeded into the

100 liters of wamagEriadSsay RRoNALRY udifyg Bé h\Elli\BlanJ"llttd@tc’thﬁqlidhcccb&’né%‘iSt’hndBdlir bar
at  nmaxi num sr?eed The m croorgani s sed are M5-2 ba & %lga(;% g QArreri can
Type Cul t uMdethads fqr dhet ixammanoncaf)Waterapg JasiewateyiAmerieqn Eubhe sseiatigy,| |
(ATCC # 259ZBMAfNgh: Edivdd QSdayal @990y Al MUERdoPAgas B8  tldclon Farclahs&;r ay, |D).

Concent at Sdekeatle M St # 0HAD Sers GiptiOS af BGeed erubCR mate el
ISect [ gn I X lpuglaﬁe@;ahm bads). ATJaaaltdaﬁmtls perfoered byetaking6.3 infl of MAuénnaddedding ar e
| ste In apl e

ampl e influent is.collec rior to
passi ng t hrdagH "Ell?et"sgl‘ff"c'?éirsf"'?er?f BHg 0ctp) B1YF ag&é&d&‘f@d ot?dmt q]e l(?én‘{'l;”fé) [de tube
for assay QbdddRo 2.70mGH @isi Affrad ealink(Tristraj Inc., St. Louis, MO) at pH 7.0 to give a 100:1

dilution. The serial dilution is continued until a 10% 1 dilution is produced. A serial dilution of

effluent samples collected from the test units is performed until a 10*:1 dilution is produced.
The influent and effluent dilution assays and measurements are performed in duplicate
according to “Standard Methods for the Examination of Water and Wastewater” (APHA, 20"
edition, method # 9222). .
For bacteriophage MS-2, the influent or effluent samples are serially diluted in tris
buffered saline in the same manner as the E. coli samples by taking 0.3 ml of influent or
effluent and adding to 2.7 ml of tris buffered saline. The dilution is continued until a 101
dilution is produced. The 3 ml dilution is added to 3 ml of moiten (46°C) top agar (tryptic soy
broth with 1% Bacto agar, Difco; Becton/Dickinson, Inc., Spark, MD) containing 0.1 mi of log-
phase culture of E. coli host (ATCC # 15597). The suspension is gently vortexed and poured
onto solid tryptic soy agar plates. The tryptic soy agar (Difco; Becton/Dickinson, Inc.) is
prepared by adding 40 g of the powder to 1 L of purified water in a 2 L. Erlenmeyer flask set on

a stir/hot plate. A 2 in. x % in. stir bar is added to the Erlenmeyer flask and the stir/hot plate is



and . Cryprosporidiunr parvum Table A M croorganism Organisns/L E. coli 5
x 108 MsS-2 5 x 108 Crypl osporidi um parvum 6x 106 M croorganismFiltration
The filters prepared above are connected to an EXPERT Peri staltie1pgqﬁ 2002
(model CP- 120) produced by Scilog, Inc. (Madison, Wsconsin) using Pharned
tubi ng (1livéobMaer? D With 1/16 in. wal l4t hi ckness). The purprris®asdsd br at ed
to a flowrate of 100 m/mn using dechlorinated and sterile water.
Influent is flowed through the sanple filter at a rate of 100 m/mn. for
15 hours (i.e., 135 bed or colum volumes/hr). 50 mM sanples of effluent

are colle ) v of
VG 2 bact gﬁf?ghpdﬁgggngﬁgméerﬂﬁé‘dﬁ%?ﬁm B Bkh TS e BRSO Sn IIiARS 2Y O

Three 50 rAlatesadirased tapoiling for b fin. aFhe selawrb'étﬂ@a apigelaved ferdd Arin it é%lnPcéP
centri f ugeytdthRsSiylic EEQ%%PQ%OM}Q d 949 nfm A6 mﬁl@i&r%?&é lﬁ&.%en é&ﬁedQ§Say of

Cryptosporidi um parvum at the same tinme intervals as above.
outlines tpﬁ@ucea%eqhd toPptic spyiser mMatedEbe sabid sepfio pay agar platswploas wetaélrf top

m cr oor garygﬁr;uu&gﬁhﬁ h& del @,f Lda@ms .Eékacu@ﬂ;r 18 %%&95@% &m t(um dniABRLeE bpeeded)

(m /sanpl e " neede parvum 10 100 M croorgani sm
Assays Bacwenting plagusaforined QIlthjla\!li e&oetsﬁ ﬁgh?fﬂle menbr ane f| | ter techni que

according to " %5 h LlavthgnF@ RAabkioN 1 Ph 00 m
Wast ewat er " (Aﬁe&l‘??gg%g%?u [ CPHE%g{ t %y sgm at |H(}'?1t '5‘% mé@‘mmg ti on
rret hod #9242 2fluent sampiesier!leged fronEe( Bt oﬁeaamhleﬂsvrsemofused @ot Ky Slmikdle, MD;
#. 4 fe 1 nf ] yent rile
t r| s buf f %&ég'?%ﬁ e%‘?jﬁénal{hs %%69@5‘3?&1% Hdelal Pﬁtﬁ tfi(r?r;]kl ?%gyst)serﬁggﬁhﬂ g?/lt t€ak| ng
0.3 m of aspifatedefi 1 aamdbaydahem}lleu Thet @pe@sty anelcowrfted psing HEPdtie demerdmeeerat pH
7.0 to gi diLu added.to 2.7
m of tri sﬁﬁ’g‘fr g‘?éﬁcaé °r'i% %Afgraw r]garkr nI(I:‘ }1 tp%‘: 65 M/[S? Saf"ple gg‘SOth%o gi ve
a 100:1 dlefnut){tmterﬁllé g alpha:knlqomrasn mnsrompt |(Bl:lé?d0wntpuls apa:o & 4i0kution
's pr Oducel%'agm |cat|on .J\t leasl lfli cfl)amber aliquots are counted for each sample according to the
procedure outlined in the Guidance Manual (U. S. EPA, October 1990). An average of all
readings is multiplied with the conversion factor of 1.0x10*. Total numbers of cysts are then

divided by 10 for influent samples and by 100 ml for effluent samples to determine the number

of oocysts per ml of sample.

Results

The test filter demonstrates the following pathogen removal properties:

BRI VRI PRI
TIME
1 Hour 99.99998% 99.99992% 99.96%
3 Hour 99.99998% 99.99992% 99.96%
6 Hour 99.99998% 99.99992% 99.96%
10 Hour 99.99990% 99.99992% N/A
15 Hour 99.99987% 99.99992% N/A

Example B
A filter is prepared according to Example A, except Anshan’s Carboflex® P3200 pitch-

based activated carbon fiber is added until 14.0 grams is reached. A 10.86 cm target bed depth
of ACF material is achieved by adjusting the end screw length using a socket wrench. The

filtration and assay protocols are performed the same as Example A. The bed volume is 55 cm3
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Resul ts

As indicated, the filters of the present invention will include, in addition to the activated

carbon fibers, a housing for containing the activated carbon fibers, particularly when the fibers

are not part of an ACFC. A pre-filter can be used to provide particulate filtration of suspended

solids that exceed 10 to 100 pm in size. A biocidal agent such as silver can be used to prevent

biofilm formation with the filter system.

In one embodiment, the filter will comprise a housing containing a generally cylindrical

filter arrangement. The housing has a liquid inlet and a liquid outlet and defines a liquid flow

path between the inlet and outlet. The activated carbon fiber arrangement is disposed within the

housing in the liquid flow path and comprises a cylindrically shaped porous structure for

removing particulate contaminants, chemical contaminants and microbiological contaminants

from the liquid. The filter also includes impervious end members mounted to the ends of the

filter arrangement, one of the end members having a central aperture. These end members

direct liquid flow through the filter.

VIIIL

Articles of Manufacture




The test filter denonstrates the foll ow ng pathogen renoval properties

BRI VRI PRI TIME 1 Hour 99.99998% 99. 99992% 99. 96% 3 Hour 59 %

99. 99992% 99. 96% 6 Hour 99.99998% 99. 99992% 99. 96% 10 Hour gﬁo%/m
99.99992% N A 15 Hour 99.99987% 99. 99992% NN A Exanple B A fr I ter is
prepared asgebckasty to Exanple A except .Anshan' s Car bof | excyuBs2G89pi t ch-
based activated carbon fiber is added until 14.0 grans is reached. A 10.86
cmtarget bed depth of ACF material is achieved by adjusting the end screw
| ength using a socket wench. The filtration and assay protocols are

perforned the safge afcl&TMh&adure bNfe P@@Envml«men témprise GEBitehndRGrhiibh WO
00/ 04977 -50- PCTIUS99/14999 and the tlowrate is 109 bed vol unes/ our The

test filter thaenwiihisformithesconsuamer.diy) Wilien §F sRakFD Yards AR P PIglyep At kLt thegRy

VRl PRI TI Hﬁerlwi'riomv.@&&9&&&&%&9&?%&%&&%rcﬁohwr S0 PBYe Ny
99.96% 6 Hour 99.99998% 99.99975% 99. 96% 10 Hour 95998% 99975% N A

The embodi nisifgsss, @adsthisi infegnatiep may ingudethe slgim Al sarhﬁloaasodrﬁ%'afa 'iter ARdyes-dB t he

best ~ill usEE%Hy%srﬂ%lethﬁangrr tr;@mér@afmnurab@re HRYS el ifBmbich ihhcomirfikiigal
application td thereby enable one ordinary skill in the art to utilize

t he i nvent i that ha useefi tw&lt%mdpmmcsd lewels of pathogensi ineludingyvigisesi Axerdinglyas are
suited to the u@@%f h&%%@% inasSoctR04 Sm? li b Sfhtio rat §chrnfom?qlﬂef doﬁﬁﬁﬂepr@ \?d?@!;

variations are W e scope of the invention as determ ned
appended cl andiw b/yhp;ctures.rtmmper eff el filter widlcrrpddn benefifs tswhtalﬁembfroé?i’d‘lewct'@‘ O\ﬁn ch

they are falrly. . hegally .2nd Qi 438hYis i8Bbhdnl. ©%he htbrmatbi!Rn FiclbEre g,
cqneian of dtoisihd, Ak s i F

Conponent s A& ters o e present 1 nvention wll include,
in addition ad\@rttsh'(g namlt wf\thsuhl mediapmsiwefliahgatemends 4nd iponay thopackagatoathaifilier t he

acti vat ed Cﬁgetfp Ii]o ]:nlfc?n%rtﬁé ccpn%&r%eircolflltﬁer r!erqumgmoéJr\q'eér&\Q?Ea%abilities. The information

may be communicated only by verbal means, only by written means, or both. Obviously, the
information need not be included directly with the product to constitute an article within this

aspect of the invention. That is, for example, if a filter is sold and advertisements are

communicated generally about the filter, this would constitute an article of this invention.

1X. Test Methods For Measuring Pathogen Removal Indices

The following is a description of methods for assessing a filter's ability to remove
viruses (i.e., its Virus Removal Index), bacteria (i.e., its Bacteria Removal Index) and parasites
(i.e., its Parasite Removal Index) when exposed to a challenge consisting of water containing
those pathogens. Removal, in the context of this discussion, refers to a filter's ability to
exclude pathogens from a source fluid by size exclusion and/or adsorption. Removal does not
include the killing of pathogens by heat, radiation, use of an antimicrobial and the like. Thus,
where a test filter is to be assessed for its pathogen removal indices according to the followirrg
test methods, that filter should not be treated with antimicrobial agents, in order to assess the

filter true “removal” properties.
A. Conceptrated Stock Preparation

(1). Escherichia coli (E. coli)
Preparation of E. coli from American Type Culture Collection (ATCC): E. coli (ATCC #
15597, and ATCC # 25922) are received in a lypholyzed package. The E. coli are resuspended
with 1 ml of tryptic soy broth (“TSB”) (Difco, (Becton/Dickinson), Spark, MD). The

resuspensions are added by means of a loop to the solid tryptic soy agar in 2 92 mm x 16 mm



are.not part of an ACFC. A pre-filter can be used to provide particulate
fil'tration of suspended solids that exceed 10 to 100 min sizegq/Ady a2 dal
ragent such as silver can be used to prevent biofilmformation vvlth t he
filter system In one enbodinent, the filter will conprise a housing

cont ai ni ngy@egR9er al ly cylindri caI filsger arrangenment. TireThusa®iaep has a
liquid inlet and a liquid outlet and defines a liquid flow path between
the inlet and outlet. The activated carbon fiber arrangenent is disposed
within the housing in the liquid flow path-and conprises a cylindrically
shaped por ewfilePeiriidithiung fifedsiant BEKOVieneypp@sdyiagad (aTsm 0 (DifeniBaaod/Dicldisen, cal
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Pat hogen Renp | owm ng description of nethods for
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its Parasite Renoval ex) when exposed to a chall consi sting of vvater
cont ai ni ng ml TSB is added to atcst tube and incubated for 3 hr. at 37°C with sha mg The E. coli is now

ready for use as a host in the virus assay portion of the testing and for use is phage preparation.

(2). MS-2 Bacteriophage
MS-2 bacteriophage (phage) (ATCC # 15597B) is received lypholized. The phage is
resuspended as indicated per ATCC instructions. New stocks of phage must be generated from

the resuspended sample every three weeks.
Preparation of Phage Stock:

1) Inoculate 3 ml of TSB in a tube with a colony of host E. coli (ATCC # 15597)
using a loop. Incubate the tube at 37°C for 24 hr. at which time the £. coli will be

in the stationary phase.
2) Inoculate a 150 ml Erlenmeyer flask holding 100 ml of TSB with 1 ml of host E.

coli produced in 1). Incubate at 37°C for 3 hr. while rotating on a shaker table



t hose pat hogens. Renobval, in the context of this discussion, refers to a
filter's ability to exclude pathogens froma source fluid by |z EC 2002
excl usi on and/ or adsorption. Renobval does not include the kil i § %f

pat hogens by heat, radiation, use of an antimcrobial and the |ike. Thus,
where a t &&hodidsbirer 1S to be assessed fnr its pat hogen repovalwiaeisces
according to the followng test nethods, that filter should not be treated
with antimcrobial agents, in order to assess the filter true "renoval"
properties. A Concentrated Stock Preparation (1). Escherichia coli (E
col i) ‘Preparation(ab-180 rpeDi | Aftérane ARE rtinfeageridy,ARe Euddiiwigl Hedh li@Cghagnang ATCC) :
E. coli (ATCC # 15597, and ATCC # 25922) are received in a |ypholyzed
package. The E. cbﬂayfa?‘geresuspended with | m of tryptic soy broth

("TSB") (Difco,3) Bﬁsa;r@m:i@ip«rdqu@mm)luuo‘am@zbck phake (rdsuSpendeAPUSHRENE nPRSIIAT €
added by neans of aloogxtothe solid try 2 Mm x 16 mm

| C SO q
31 DEC 2002 WO ob'eapproximaoly 18 paquss/o) i ‘599‘09,‘919#11‘%‘1%‘{%“? offthe phagpieret j ve

sl ant tubes. The waydow&erﬁpmsewﬁéred saszé\b ﬂao‘ cs& Jeﬁﬁca.mnén [ gelebrwarny .
Spark, MD) is prepared by adding 4 f wder to L of purified

water ina 2 L Eﬁalkéﬂﬁéy@rOffhez@Rg"%@ a@h"&amgt"l 'F‘7 efotis B‘I’fgﬁ"@ salgpepat PH7Q<‘°%: in.
stir bar is added ghoqhheqRibanSYRlor il 8 kilAlcis laash b/l o Blifteks
turned to a nedi um settin A solution is mxed thoroughly on the
stir/hot plate anéslingatply '?@ép give fblﬂ ‘| dilygort. okhejserigl dilutionds eaptipted wtilias! 0 hen
aut gcl gxgg fgrcooldgaéfan is p%dué%l(]:- g% ﬂ%a ¢ ganlcmmaaﬁatﬁﬁ difkt snan@ele atreﬁeodeze FL_?_ ielt;'
poured into a sl an® R‘ub@ffalrﬂlut!%l Eebeg shayldqbe mftjl’@ bqswmndhllu@@Stahdaa nev ant
tubes. The Petri r i ncubator for 24
hours at 37C. Theglpaflant tﬁébeg‘}%e?‘légegt%gl?@ ignaggmﬁ%r%rg\?rlgerat or until
needed. Prepar ad)i deltgévera! tbeslof opaATECTIB wisly 2%)BacigragerdDifc gy gBecron/ekinsor,

coni cal. centr fugeriibtt) Bpikchg LR, 4 eaiaP G E\Grel By B oPRasE Ryl ot 100 1
100 m of TSB is @éhgpha‘sug@dEatoI@@Ouge sAdd0.! 18 ofrdilutedTphager®m tibs (phagedtit ed
off and the pell otk Mat&?rm‘ plﬁi_?_lde§mi @ﬁulﬁpﬁnaﬁﬁwomrammn lunea%p ume of the

same water used for  test e centrifugation I's repeated and the water
i s decanted off awowéib%ﬂlnewz mm % L mepRaid dishadal e pper 3olidify, brertand sane
wat er used for te%;ch g, The r24G! | is now ready for use in the test.

Preparation of E o J%E% CC # 15597) for testing: A loop of culture from
the Petri dish s Af!adnime&@e danfipgnt, 3fid § g of trigduffepd F%"‘? Pqu&b'éf’@er Plate WUC f or

24 hr. (no shaki ng’])é ‘it AdAtQQOQn &fmptnfﬁﬁlre %55#1 Sto@ﬂ'ﬂ@@h& gha]gQQo Bifrued thioakh R @ 150

m Erlenmeyer fla s vortexed
solution. Decant off the eluent and then centnfuge at 10,000 rpm for 10 min.

6) Prepare a sterile 0.2 um filter (Costar, Cambridge, MS) by passing 5 mi of 3% Beef
Extract (Becton/Dickinson, Spark, MD) through to remove the charge from the

filter, then pass the supernatant from the centrifuge tube through the filter.

Titer by performing a plague assay and store the stock at 4°C. Try to get 10° - 10°
plaques/plate. 24 plates will produce about 50 ml of 10"' plaques.

The plaque assay is as follows: The phage solution is serially diluted in Tris buffered saline
(Trisma, St. Louis, MO). The serial dilution is performed by taking 0.3 m! of phage solution
and adding to 2.7 ml of tris buffered saline. The dilution is continued until a 10™ dilution is
produced. The 3 ml dilution is added to 3 ml of molten (46°C) top agar containing 0.1 ml of
log-phase culture of E. coli host (ATCC: E. coli # 15597). The suspension is gently vortexed
and poured onto solid tryptic soy agar plates. The solid tryptic soy agar plates, along with the
top agar solution that has been added, is incubated for 18-24 hr. at 37°C and then enumerated by

counting plaques formed on the lawn of host £, coli cells.



m TSB is added to a test tube and incubated for 3 hr. at 37C wi th shaki ng.
The E. call is now ready for use as a host in the virus assay Peh t% f

the testing and for use is phage preparation. (2). Ms-2 Bacterl opEage z(I\)/S-Z
bact eri ophage (phage) (ATCC # 15597B) is received |ypholized. The phage is

resuspen ..nhdi cated per ATCC instryctions. New stock fhaeg nmust be
gener at eg&grogﬁ?*?he resuspended sanpl e's%al'very t hree weeks. §f’?@ps)ar ation of

Phage Stock: 1) Inoculate 3 m of TSB in a tube with a colony of host E
coli (ATCC # 15597) using a |loop. Incubate.the tube at 37C for 24 hr. at

which time the E li W]l be. | e stationary phase. 2) Inoculate a 150
m Erl egnpyerl)flasﬁﬂho%mf@ﬁ'ﬁn&% TSB wwth I m of host E. coli
produced in ) . el ! . Ak hakgd, table
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(Di fco, (BgricapaldeitidihOmimbePbdokystsed mbof sithgiei ng themin a steaner with a
wat er bath set at 48C. Add 1 ml of |og phase host E. coli per tube. Add

0.1 m of dilutgd pnhade: Megardidpe (phage at approximately 10" plaques/m
t

dilution). Gently vortex an en pour each tube onto solid TSAin a 92 mm

X 16 mm Petri dinfillent leS AUiNG pdhafed B9 addihd (eedingy BIE feq@iife vdlifeibfabacemtatsd/ C f or
24 hr. 5) After plaques are confl uen f ered saline at

pH 7.0 perspikaf® 534 ™iseorgtnisg) (*© ot° ﬁ%%ﬁ%ﬁ%?ﬂ'&?"&r t@H‘ %’Fggicﬁr Y% al% ow the
phage to dinfdrdtsganisit areGheded hto the 100 L of water as the water is stirred with a 2 in. by Y in.
stir bar at maximum speed. The target concentration in the influent, based on the dilution from
the concentrated stock, are listed in Table C. A 50 ml sample of influent is collected into a 50
m! graduated conical centrifuge tube for assay of MS-2 bacteriophage, E. coli, and
Cryptosporidium parvum.  Assay conditions for assessing removal of each of the

microorganisms are described below.

The following is an example of how to calculate the volume of microorganisms to be
added to 100 L of water for testing. _
Example: If the concentration of E. coli is estimated to be 1 x 10° organisms/ml and the
target concentration in 100 liters of water is 5 x 10* organisms/L, 50 ml of the

stock E. coli needs to be added to 100 liters to obtain this concentration. The

calculation is as follows:

1 x 10° organisms/mi * Y ml added/100 liters = 5 x 10° organisms/liter,

then
Y ml added = (5 x 10® organisms/L * 100 L)/(1 x 10° organism/ml),

then

Y ml added = 50 ml



solution. Decant off the eluent and then centrifuge at 10,000 rpmfor 10
mn. 6) Prepare a sterile 0.2 pmfilter (Costar, Canbridge, h Pz N9
5 m of 3%Beef Extract (Becton/Dickinson, Spark, MD) through to rem)ve
the charge fromthe filter, then pass the supernatant fromthe centrifuge
tube thro filter. Titer by perform ng a pl ague ass re the
st ock at %%%}?‘%7?0 get 10'- 10. pl aqugé/pl ate. 24 plat eslaé\'/‘\,rr /rl)rﬁgguce
about 50 m of 10" plaques. The pl aque assay is as fol lows: The phage
solution is serially diluted in Tris buffered saline (Trisma, St. Louis,
MO) . The serial dilution is perfornmed by taking 0.3 m of phage solution
and adding to 2.7 m of tris buffered saline. The dilution is continued
until a 10-4 dilution is produced. e? m dilution is added to 3 m of
nolten (46C) top agar cont ai ni ng 0. 11&'01 Iog phase culture of E. coli
host (ATCC: E. coOp=k —hRO=5HS3E =Shn=S=get-y=ql t exed and poured
onto solid cryptif soy agar pI at es. T1e soI i d tryptr soy agar pl ates,
along with the tlhp agNHcreareanisW, + hat haMicrepnganism id incubated for
18-24 hr. at 37C jand then enunerated by counting plaqueg fornmed on the

| awmn of host E. cpli cell£.cofl DEC 2002 WO 09kd%977 -54-f PCTI US99/ 14999
(3). Crvntosnorid)um Parvum Cryptospofi di um Parvum (Pl eagant Hi Il Farns,
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determ ned using [LO m of cryptospori Ei um parvum centrifdgged in a | EC
Cinical Centrifuge (Needryﬁmvmts MA) | at 400 gx30for 15 nin. to pellet the
oocysts. The supern pPirated ot1 L m apove the pellet. The
oocysts are counted using a SPotlite henocytoneter (Baxter Healthcare
Corp. MG aw Pdfk, Migrporganism Eltrationg 2 nj  of sarrple onto the henocytoneter
and using a phase contrast m crosc Japan) ,at 400x
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Oct ober 1990). An average of all readings is multiplied wit
conver si onwithi¢t16rin.ovallthipkness). THieaumpyiisal ‘Gﬁ ey dlow "&‘Fé’fdler"tVéU‘ U810 to
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collected into a 50
parvum at the same time intervals as above. Table D outlines the amount of sample needed to

perform an assay of each microorganism.

Table D
Influent Effluent
Microorganism (ml/sample needed) (ml/sample needed)
E. coli 1 1
MS-2 1 1
C. parvum 10 100

D. Assay Conditions for Determining Pathogen Removal Indices
(1). Bacteria Removal Index

The Bacteria Removal Index is determined according to the following formula:



m graduated conical centrifuge tube for assay of Ms-2 bacteriophage, E
coli, and Cryptosporidium parvum Assay conditions for assesghr&rj godval
~of each of the mcroorganisnms are described below. The followng is an

exanpl e of how to cal cul ate the volune of mcroorganisns to be added to

100 L of %@@Jﬁr testing. Exanple: I|f,the concentrationp®f oo/ asdsi i S
estimated to be I x 109 organisns/nm and the target concentration in 100

liters of water is 5 x 10" organisns/L, 50 m of the stock E. coli needs
to be added to 100 liters to obtain this concentration. The <calculation is

as follows: | x 10%{Lgani * I m D X 10
organisns/liter, t }gnqﬁ {%?Higeé{j%o&mc@%@n%ﬁ%@&qg(r:%ng%}té%rﬁ{?;0‘0100 L)/(1 x 109
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Cryptosporidium parvum at the same tipe intervals ahove.  Tabl e
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M Cr oor gamMieMinfikél! £d effluent dilution assays and measurements are performed in duplicate
according to “Standard Methods for the Examination of Water and Wastewater” (APHA, 20"
edition, method # 9222).

(2). Virus Removal Index

The Virus Removal Index is determined according to the following formula:
VRI =[] - (Effluent Concentration)/(Influent Concentration)} x 100

Influent or effluent samples are serially diluted in tris buffered saline in the same
manner as the E. coli samples by taking 0.3 ml of influent or effluent and adding to 2.7 ml of
tris buffered saline. The dilution is continued until a 10*1 dilution is produced. The 3 ml
dilution is added to 3 ml of molten (46°C) top agar (tryptic soy broth with 1% Bacto agar,
Difco; Becton/Dickinson, Inc., Spark, MD) containing 0.1 ml of log-phase culture of E. coli
host (ATCC # 15597). The suspension is gently vortexed and poured onto solid tryptic soy agar
plates. The tryptic soy agar (Difco; Becton/Dickinson, Inc.) is prepared by adding 40 g of the
powder to 1 L of purified water in a 2 L Erlenmeyer flask set on a stir/hot plate. A2 in.x % in.
stir bar is added to the Erlenmeyer flask and the stir/hot plate is turned up to a medium setting.
The tryptic soy agar solution is mixed thoroughly on the stir/hot plate and heated to boiling for
I min. The solution is then autoclaved for 15 min. at 121°C. 15 mi of the tryptic soy agar is
poured into a 92 mm x 16 mm sterile Petri dish then cooled to produce the solid tryptic soy agar
plate. The solid tryptic soy agar plates, along with the top agar solution that has been added, is
incubated for 18-24 hr. at 37°C and then enumerated by counting plaques formed on the lawn of

host E. coli cells.
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powder to | L of purified water in a 2 L Erlenneyer flask set on a stir/hot
plate. A2 in. x'/2in. stir bar is added to the Erlenneyer flask_and the
stir/hot plate is turned up to a nediumsetting. The cryptic S?g 2
solution is m xed thoroughly on the stir/hot plate and heated to boiling
for | mn. The solution is then autoclaved for 15 mn. at 121C. 15 m of
the tryptic soy agar is poured into a 92 mmx 16 nmsterile Petri dish
then cooled to produce the solid trypti ggsoy agar plate. The solid tryptic
soy agar plates, along with the top agar solution that has been added, is

i ncubat ed fgrad@-24 hr. at 37C and then enunerated by counting plaques
formed on the Tawm of host E. coli cells. ?A02 Si DEC WD 00/ 04977 .57.
PCT/ US99/ 14999 (3). Parasite/ Protozoa Renoval |ndex The Par asi te Renoval

Index is determ ned according to the followng fornula: PR =11 -
(Effluent Concengrat 'Apﬂﬁér(ddﬂ{ﬂddﬁﬁta&ioﬁﬁérﬂafﬁﬂd fisbrs, ehatdtierized in that the filter
Crypt ospori di unpar vum assay measuring PR is conducted by taking 10 m

of i nfl uerhase VisORemos ’@Ff‘l(\ﬁ%‘hpfé'dﬁ%?t 8831 ected fromthe filters. The
sanples are centrifuged in a IEC dinical Centrifuge (Needhan H's, MA) at
400 g's for 15 min. to pellet the oocysts. The supernatant is aspirated
off 1 ml above tke pé'hleefi"e”l’ﬁgladmé‘ybﬁvﬁﬁgiaé/%@uﬁﬁ tegsti29.898%, mefarably at least
henocyt onetgy odddgxt er Heal thcare Corp. MG aw Park, IL) by placing 0.2 m
of sanple onto t ie henocytoneter and using a phase contrast m croscope
(BH2 dynpus, Japan) at 400x magnifi cation. At least 12 chanber ali quots

are counted for gach éﬁ}j

Qui dance Manual § @%E@,&? og(.ﬁﬁf? q%gg'g)%r%ﬁteg\%g?%gg%gfm&a%{ regfd?tngs IS
mul ti-plied 9. 9999%1@ Rasasiter Beroovdl Jm:tem(PBf) of aligast 99.9%¢ efibattunber s of cysts
are then divided by 10 for influent sanples and by 100 M for effluent

sanples to determ ne the nunber of oocysts 8 of sanple. 31 DEC 2002
58 CLAIMS 1. A4filt@hediepef anyenaciChimed t mu@b@ ¢qrpRising aptiveded earbead in

that the filg Vi 1y v ngex The
e ot s °’i£"ﬁ“§t\'fﬁzn 4 T oY Bpers 881 é%’%%’g% PS‘?V&#%?’E‘E? It bet
99. 9999% 3spetings thdtreaultorﬁ a@uk dersithaf from 2.2Ba®t 4 glcen® Rembpraferbivlvi¢he {iIBRI) of
at least  inciudes a mixture of activated carbon fibers of different mean diameter, length and/or

shape.

5. The filter of any one of Claims 1 through 4 characterized in that the filter
comprises free activated carbon fibers.

6. The filter of any one of Claims 1 through 4 characterized in that the filter

comprises an activated carbon fiber composite.

7. A method of removing viruses from a liquid, the method comprising
contacting the liquid with a filter comprising activated carbon fibers characterized in that
said filter has a VRI of at least 99.99%.

8. The method of Claim 7 characterized in that the filter has a VRI of at least
99.999%, preferably at least 99.9895%.

9, The method of Claim 7 or 8 characterized in that the filter has a BRI of at
least 99,9999%, a PRI of at least 99.9%, or both.



99.9999% a Parasite Renoval Index (PRI) of at |least 99.9% or both. 4. The
fil'ter of any one of Clains | through 3 conprising activated gﬁnlbge Zﬁi bers
xharacterized in that the fibers are arranged to provide unif

Inter-fiber spacings that result in a bulk density of from0.2 to 0.4
g/cnB; and preferably the filter |Includes a m xture of activated carbon
fibers of different nean dianmeter, |ength and/or shape. 5. The filter of
any one of Clainms 1 through 4 characterized in that the filter conprises
free activated carbon fibers. 6. The f¥ ter of any one of Clains 1 through
4 characterized in that the filter corrprlses an activated carbon f| ber
conposite. the nmetho

d of | d
conpri sing coﬂpac: ?ﬁ@ ”g)ﬂgo‘fgg@ﬂyog 'gﬁ'% %&? réﬁ%lliaeﬁgnmt tb%tﬂé%f car bon

fibers ChSB&FE@%'f?e%%ch&‘até&‘éérboﬁﬁﬂ:é?sf' Iter has a VRl of at |east 99.99% 8.
The method of Caim7 characterized in that the filter has a VR of at

| east 99.999% preferably at |east 99.9999% 9. The nethod of Claim7 or 8

characterized ifg, thq‘ﬁetrﬁtﬂhédi bt 8iy 6@ ofCRIths Pito 8tchak®Asrized%n U6 firePRl  of
at least 99.9% or both. 31 DEC 21002 59 10. The nethod of any one of

Cainms 7 comprisesandastieated earbpmfibargompnsite i | t er conprises free activated
carbon fibers. 11. The nethod of any one of Clains 7 to 9 characterized in
that the filter conprises an activated carbon fiber conposite. 12. An
article of mani#-act &pantisleaimanufagture 89mersing:t er conprising an acti vat ed

carbon fiber corrpos‘aﬁ ;.2 fifs3'c8 \,\,ﬁhg% adtiVaicRadarseH fibdridorfioshesctrarateriadd at

| east 99% and (b) ormatlon forns a user that the filter nmay be
used to renove virusesnthabised filteqbasia \4@ of phieast 09%F 8ndf nanuf acture of

Clai m 12, charact erWeﬁ'\fdrﬁ‘la;&%hit:?%fédﬂstaeﬁsefﬁ@%ttl?e l'm%g bb o8 §%Y ?ng ® |t hat

99.9999% 14. The article of manufacture of aiml aracteri ze
the information |ndic¥iusesfmaaligwd.filter will renove at |east 99% of the
viruses contained in a liquid.

13. The article of manufacture of Claim 12, characterized in that the filter has
a VRI of from 99% to 89.8999%.

14. The earticle of manufacture of Claim 13, characterized in that the
information indicates that the filter will remove at least 99% of the viruses contained in
a liquid.

15. A filter comprising an activated carbon fiber composite, characterized in
that said composite has a cured density prior to acti\)ation of between substantially 0.1-
0.7 g/cm®, an activated density following activation of between substantially 0.05-0.55

) g/cm® and a bumoff during activation between substantially 0-90%.

16. The filter of Claim 15, characterized in that said activated carbon fiber
composite has a void volume of between substantially 63.2-84.7% and a mean inter-
fiber spacing of between substantially 30.3-302 pm.

17. A filter comprising an activated carbon fiber composite, sald activated
carbon fiber composite being prepared by;
() mixing between one part by welght carbon fibers having a diameter
between substantially 5-100 pm and a length between substantially 0.1-
0.4 mm with between 0.05-1.0 part by weight binder and 5-50 part by
weight water in order to produce a slurry;



15. A filter conprising an activated carbon fiber conposite, characterized
in that said conposite has a cured density prior to activation of between
substantially 0.1- 0.7 glcnB, an activated density follow ng acg{ \DECi 2000 of
bet ween substantially 0.05-0.55 g/cnB and a bunoff during activation

bet ween substantially 0-90% 16. The filter of Caim15, characterized in
that said activated carbon fiber congpsite has a void volune of between
substantially 63.2-94. 7% and a nmean Inter-. fi ber spaci ng of between
substantially 30.3-302 m 17. Afilter conprising an activated carbon fi ber
conposi te, sai(i) aplacingisaid siarprihamdéldingvesseiiposi te bei ng prepared by; (i)

i Xi bet t b i ght bon. fib havi [ t bet
subst ant 1 al |y . 1GFe Al HR Agter’ BeadiEion =T BRCPERE od i 0 4 mmvi ¢ h
be;ween 0. OSEjmp ﬁawlateb:yg a@%ghgégar%%éemg@n&?tﬁebp?y;t_ by wei ghlt wat er in

rder to prodyce a slurry; i acing said slurry in a
ol df ng.vessel ( Prig {4 acsh FoafE Bpa ToerenlpBrfond &Sk srontiiten
monol i thi c body; bédy) dewatering and drying said green nonolithic body;
(v) curing sai een .nonol i f hi c bod roduci ng, a cured nolithic

d . Lh b 1
boty: (v} caibnFSPAYABE s chres TR ey hEaEY proskBng &.rmee ag a
carbon fiber ﬁorrpagbcbsufe.d%ﬁhinblag o@ap,tm@emv\ﬁauﬂeﬁmmb gaﬁdrgct u][ga; and NO .
t t . carbo i ber c ite er.e sai d carbo i bers are nmade
borous. 18, A | BBV, SRR FABOTh ABSC EPDENA WhsrBoh SACLEATDRR DAL 2E8  sai d
activated carbonnfadbeoroagnposi te being prepared by the steps of: (i)

m xi ng between 2-12 wei ght percent of carbon fibers having a dianeter
bet ween substantially 5-100 mand a | ength between substantially 0.1- 0.4

pm wi th bet weets.1. 25filfer Gowiriging aneaatiested artey fikdn Cofpdbite; Gaftf av@latdd per

R X N AN R A
monol i thi c body; nfting beleweh -1 ngerihel peficehgf &bsh Gb&EMaVME0A ididmatepody;
between substantially 5-100 um and a length between substantially 0.1-
0.4 pm with between 1.25-3.0 weight percent binder and 8-50 cc of water
per gram of carbon fibers in order to produce a slurry;
(ii) placing said slurry in @ molding vessel;
(lii) filtering said slumry thereby producing a green monolithic body;
(iv) dewatering and drying said green monolithic body;
(v) curing said green monolithic body thereby producing a cured monolithic
body;
(vi) carbonizing said cured monolithic body thereby producing a carbon fiber
composite defining an open permeable structure; and
(vii) activating said carbon fiber composite whereby said carbon fibers are
made porous and said composite has an activated density of substantially
0.076-0.495 glcm®.



(v).curing said green nonolithic body thereby producing a cured nonolithic
Rody; (vi) carbonizing said cured nonolithic body thereby producing a
carbon fiber conposite defining an open perneabl e structure; ar®{ (DECi 2002
activating said carbon fiber conposite whereby said carbon fibers are nade
porous and said conposite has an activaPéd density of substantially
0.076-0.495 g/cnB. 81 DEC 2M2 61 19. An article of manufacture conprising:

(a) a filterionpn aiticl dfrmenwiatiuvetepesihgon fibers, characterized in
that said filter has a VR of at, |east 99°ci and (b) instructions which

\ , . )
inform a user thd8)th@ filter cempraipofeea actiyatasl casber fibers, oharastesized im a
liquid. 20. The arti C'tﬁatcgaidTﬁlEB%flﬁﬁtéJYRll 8faﬁ5§%tlr§97°/§"arﬁ~'ar acterized In that
t the fi |

the information indi cates that ter w renove at | east 99% of the
viruses contai ndb) i nirstiuctjangiwhioh igaformeneserthaithe fiter maywoardedrte of C ai m

19, char zgct erized in hg%éxé p@%%%rﬁrrgraglﬁqsyiq-a VRl of from99%to 99. 9999%

22. Afilter conprisi i bers, wherein the activated
carbon is fibers are arranged so that the filter has a Virus Renoval | ndex
(VRI) of at eas abQL{[ ?9.99%at a flowrate of 100 ml/mn and an M5-2

i nfluent corf@ent &€ HHcIgot manufagigreref Cigism 19; eharactgrizecinthatther | ow rate is

mai ntai ned fisformbtid Ao fite? il EifoVd 415t Qlos bt iR Bavi g a VR

of at |east about 99.999%at a flow rate o mn-an M5

i nfl uent coeBtained inohligids x 108 PFU per liter, wherein the flowrate is
mai ntaingd for at |east one hour. 24. The filter of Caim22 having a VR
of fromabout 99.99%to about 99.9999% at a flow rate of 100 mMl/m n and an

MB- 2 i nfl uetl. coffberdrticleiod maviufdetiure FEIANS 1 EFdhapadtetizddEihn thatwegitar hhe ! ow
rate i s maintabned for af, | e hour. 25. The filter of O aim 22 having
a Bacteria ﬁe%(}%l rqrﬂ(?gj’ E%%?;b%é) °%at |east about 99.9999%at a flow rate
of 100 mM/mn and an E. coli Influent concentration of 5 x 108 CFU per

liter, wherein the flowrate is mintained for at
2. Afilter comprising activated carbon fibers, wherein the activated carbon

15 fibers are arranged so that the filter has a Virus Removal Index (VRI) of at least
about 99.99% at a flow rate of 100 mi/min and an MS-2 influent concentration of

5 x 108 PFU per liter,_wherein the flow rate is maintained for at least one hour.

23.  The filter of Claim 22 having a VRI of at least about 99.999% at a flow
20 rate of 100 mi/min and an MS-2 influent concentration of 5 x 10° PFU per liter,
wherein the flow rate is maintained for at least one hour.

24, The filter of Claim 22 having a VRI of from about 99.99% to about
99.9999% at a flow rate of 100 ml/min and an MS-2 influent concentration of 5 x
25 10° PFU per liter, wherein the flow rate is maintained for at least one hour.

25.  The filter of Claim 22 having a Bacteria Removal Index (BRI) of at least

about 99.9999% at a flow rate of 100 mi/min and an E. coli influent

concentration of 5 x 10° CFU per liter, wherein the flow rate is maintained for at
30 leastone hour.



30 l.east one hour. 31 DEC 2002 62 26. The filter of C aim 22 having a
Parasite Renmpval Index (PRI) of at |east about 99.9%at a flow rate of 100
m/mn and a Cryptosporidium parvuminfluent concentration of @¥Xp&&
organisns per liter, wherein the flowrate is maintained for at |east one
hour. 5 27. The filter of Caim22, wherein the activated carbon fibers are
free. 28. The filter of Caim?22, whereiéethe activated carbon fibers are
formed into a conposite. 10 29. The filter of Claim22, wherein the filter
has a mean Inter-fiber spacing between about 30.3 ELm and about 302 m 30.
The filter &6.C dihe fier ohidaim 22 hadngatRParasitaiRemavehintiek¢PRI)raf\wad least peci fi ¢

15 surface ane [g a 0, 000 nP/g. 31. The filter
of O ai m 22 SL PRI 8ha TR et Sh iR B d &bl ertillhranbin MEets
g/ cnB and ahmuiceltrétia oid@x 180 orfanistng pbt kter, wnpeinthe dow raid isanaingdigsd al
consisting essentially of activated carbon fibers, wherein the activated

carbon fi berf@r atlgagkq so that the filter has a Virus Renoval | ndex
(VRI) of c;at |east about 99.99%at a flowrate of 100 m/mn and an Ms-2

i nfluent "concentration of 5 x 108 PFU per liter, wherein the flowrate is
mai nt ai ned A% atThedfiter ob QéaitnddR, wheseig th©BCtiied cadenIbersare fred.t er of
claiml1l, wherein the filter has a VRI of at |least 99.99% at a flow rate of
100 M/ mn and an M52 i nfluent concentration of 5 x 108, wherein the flow

rate i s nai gl nathef fter af Clams22, WierdinUhe avieited Bamdindibaes arnforfled ditBon
fibers are provided in the formof an activated carbon fiber conposite and

5 wherein s&@ €PBBAYPBsi te has a cured density prior to activation of between
substantjsal 'y 0.1-0.7 g/cnB, an activated density follow ng activation of
bet ween substantially 0.05-0.55 g/cnB and a burnoff during activation

bet ween 29. The filter of Claim 22, wherein the filter has a mean inter-fiber spacing

between about 30.3 um and about 302 pm.

30. The filter of Claim 22, whereln the activated carbon fibers have a specific
15 surface area between about 100 m%g and about 4000 m?/g.

31. The filter of Claim 22, wherein the filter has a bulk density between about
0.15 g/em® and about 0.8 g/cm®.

20 32, Afilter comprising a filter material consisting essentially of activated
carbon fibers, wherein the activated carbon fibers are arranged so that the filter
has a Virus Removal Index (VRI) of at least about 99.99% at a flow rate of 100
ml/min and an MS-2 influent concentration of 5 x 10® PFU per liter, wherein the
flow rate is maintained for at least one hour.

25



substantially 0-90% io 34. The filter of claim32, wherein the filter has
a nean inter-fiber spacing between about 30.3 pm and about 302 pm and a
sbul k density between about 0.15 g/cn8 and about 0.8 g/cnB8 and Wpec g said
activated carbon fibers have a specific surface area between about 100
n2/ g and about 4000 n®/g.

10

63

33. The filter of claim 1, wherein the filter has a VRI of at least 99.99% at a
flow rate of 100 mi/min and an MS2 influent concentration of 5 x 10%, wherein
the flow rate is maintained for at least one hour, wherein said activated carbon
fibers are provided in the form of an activated carbon fiber composite and
wherein said composite has a cured density prior to activation of between
substantially 0.1-0.7 g/cm?®, an activated density following activation of between
substantially 0.05-0.55 g/cm® and a burnoff during activation between

substantially 0-90%.

34. The filter of claim 32, wherein the filter has a mean inter-fiber spacing

between about 30.3 pm and about 302 ym and a bulk density between about

0.15 g/cm?® and about 0.8 g/cm® and wherein said activated carbon fibers have a

specific surface area between about 100 m?/g and about 4000 m?/g.



