
US 20050279696A1 

(12) Patent Application Publication (10) Pub. No.: US 2005/0279696 A1 
(19) United States 

Bahm et al. (43) Pub. Date: Dec. 22, 2005 

(54) WATER FILTER MATERIALS AND WATER 
FILTERS CONTAINING A MIXTURE OF 
MICROPOROUS AND MESOPOROUS 
CARBON PARTICLES 

(76) Inventors: Jeannine Rebecca Bahm, Milford, OH 
(US); Andrew Thomas Pearks, 
Cincinnati, OH (US); Guillermo 
Matias Vidal, Cincinnati, OH (US); 
Dimitris Ioannis Collias, Mason, OH 
(US); Michael Donovan Mitchell, 
Cincinnati, OH (US); Robert E. Astle, 
Middle?eld, CT (US); Katharine L.K. 
Faye, Moodus, CT (US); Robert 
Andrew Governal, MiddletoWn, CT 
(US); Thomas J. Hamlin, Vernon, CT 
(US); Rebecca A. Lucht, Rocky Hill, 
CT (US); Hemang Patel, Wallingford, 
CT (US) 

Correspondence Address: 
THE PROCTER & GAMBLE COMPANY 
INTELLECTUAL PROPERTY DIVISION 
WINTON HILL TECHNICAL CENTER - BOX 
161 
6110 CENTER HILL AVENUE 
CINCINNATI, OH 45224 (US) 

(21) Appl. No.: 11/119,120 

(22) Filed: Apr. 29, 2005 

Related US. Application Data 

(63) Continuation of application No. 11/101,130, ?led on 
Apr. 7, 2005, Which is a continuation-in-part of appli 
cation No. 10/705,572, ?led on Nov. 11, 2003, and 
Which is a continuation-in-part of application No. 
10/705,174, ?led on Nov. 11, 2003. 
Said application No. 10/705,572 is a continuation-in 
part of application No. 10/464,209, ?led on Jun. 18, 

2003, and Which is a continuation-in-part of applica 
tion No. 10/464,210, ?led on Jun. 18, 2003. 
Said application No. 10/705,174 is a continuation-in 
part of application No. 10/464,209, ?led on Jun. 18, 
2003, and Which is a continuation-in-part of applica 
tion No. 10/464,210, ?led on Jun. 18, 2003. 
Said application No. 10/464,209 is a continuation-in 
part of application No. 09/935,962, ?led on Aug. 23, 
2001, noW abandoned, and Which is a continuation 
in-part of application No. 09/935,810, ?led on Aug. 
23, 2001, noW abandoned. 
Said application No. 10/464,210 is a continuation-in 
part of application No. 09/935,962, ?led on Aug. 23, 
2001, noW abandoned, and Which is a continuation 
in-part of application No. 09/935,810, ?led on Aug. 
23, 2001, noW abandoned. 
Continuation-in-part of application No. PCT/US03/ 
05416, ?led on Feb. 21, 2003. 
Continuation-in-part of application No. PCT/US03/ 
05409, ?led on Feb. 21, 2003. 

Publication Classi?cation 

1 nt. . ................................................... .. 5 I C] 7 B01D 39/14 
(52) US. Cl. .................... .. 210/446; 210/266; 210/502.1; 

210/506 

(57) ABSTRACT 

A ?lter and ?lter material for providing or treating potable 
Water is provided. The ?lter includes a housing having an 
inlet and an outlet, a ?lter material disposed Within the 
housing, the ?lter material formed at least in part from a 
mixture of a plurality of mesoporous and microporous 
activated carbon particles. Preferably, at least some of the 
mesoporous activated carbon ?lter particles are coated With 
a cationic polymer, and even more preferably, at least some 
of the particles are coated With a cationic polymer and silver 
or a silver containing material. Kits comprising ?lters and 
information relating to the reduction, killing or removal of 
bacteria, viruses, microbials, and TTHM are also provided. 
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WATER FILTER MATERIALS AND WATER 
FILTERS CONTAINING A MIXTURE OF 

MICROPOROUS AND MESOPOROUS CARBON 
PARTICLES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] Pursuant to 35 U.S.C. § 120, this application is a 
continuation of US. application Ser. No. 11/101,130, Which 
Was ?led on Apr. 7, 2005 and Was a continuation-in-part of 
US. application Ser. Nos. 10/705,572 and 10/705,174, both 
of Which Were ?led on Nov. 11, 2003 Which are continua 
tions-in-part of US. application Ser. Nos. 10/464,209 and 
10/464,210, both of Which Were ?led on Jun. 11, 2003 Which 
are continuations-in-part of US. application Ser. Nos. 
09/935,962 and 09/935,810, both of Which Were ?led on 
Aug. 23, 2001, the substances of Which are incorporated 
herein by reference. Additionally, pursuant to 35 U.S.C. § 
120, this application is a continuation of International Appli 
cation No. PCT/US03/05416 designating the US, ?led Feb. 
21, 2003, and is also a continuation of International Appli 
cation No. PCT/US03/05409 designating the US, ?led Feb. 
21, 2003, the substances of Which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of Water 
?lter materials and Water ?lters and processes for using the 
same, and, more particularly, to the ?eld of Water ?lters 
containing microporous and mesoporous activated carbon 
particles. 

BACKGROUND OF THE INVENTION 

[0003] Water may contain many different kinds of con 
taminants including, for eXample, particulates, harmful 
chemicals, and microbiological organisms, such as bacteria, 
parasites, protoZoa and viruses. In a variety of circum 
stances, these contaminants must be removed before the 
Water can be used. For eXample, in many medical applica 
tions and in the manufacture of certain electronic compo 
nents, extremely pure Water is required. As a more common 
eXample, harmful contaminants in Water must be removed, 
reduced to a harmless level, or deactivated (Which is some 
times referred to as “killing”), before the Water is potable, 
i.e., ?t to consume. Despite modern Water puri?cation 
means, the general population is at risk, and in particular 
infants and persons With compromised immune systems are 
at considerable risk. 

[0004] In the US. and other developed countries, munici 
pally treated Water typically includes one or more of the 
folloWing impurities: suspended solids, bacteria, parasites, 
viruses, organic matter, heavy metals, and chlorine. Break 
doWn and other problems With Water treatment systems 
sometimes lead to incomplete removal of bacteria and 
viruses. 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 microbio 
logical contamination is a major health concern. As a result 
of Waterborne microbiological contamination, an estimated 
siX million people die each year, half of Which are children 
under 5 years of age. 
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[0005] Another source of contamination of drinking Water 
supplies is chemical contaminants, such as chlorine, taste, 
odor, lead, arsenic, volatile organic compounds (VOC), 
trihalomethanes (THM), chromium, etc. As an eXample, 
trihalomethanes (THM), Which are by-products that can 
occur When residual chlorine from Water treatment processes 
reacts With organic materials in the Water, are found in many 
Water sources around the World. These materials can occur 
naturally, and can be unintentionally formed in Water sup 
plies When organic compounds, for eXample industrial 
Waste, leaches into Water bodies that are subsequently 
treated With chlorine. In the Water treatment and ?ltration 
industries, THM represent a Wide class of compounds, and 
are typically called “total trihalomethanes” (TTHM). TTHM 
can be carcinogenic and may cause more immediate health 
issues such as rashes and other skin irritations. Moreover, 
TTHM can, and often do, have a profoundly negative effect 
on the taste of drinking Water. Thus, the removal of TTHM 
from Water is highly desirable. 

[0006] Methods and ?lters for removing TTHM and other 
organic compounds from Water are knoWn. But the methods 
and ?lters are different than, and often inconsistent With the 
removal of small particles such as bacteria and viruses. As 
such, consumers of Water are often required to have tWo or 
more ?lters, or one multi stage ?lter, to meet all of their 
?ltration requirements. Multi-stage ?lters and multiple ?l 
ters often require more space, and more eXpense than a 
single ?lter. 

[0007] Hence, there eXists a need for single stage ?lters 
that can remove different contaminants that have variant 
properties. That is, a ?lter that can be produced from a 
unitary material, albeit a material that may be a mixture of 
different components, in a one step process, resulting in a 
single stage ?lter having multiple removal capacity. More 
speci?cally, there is a need for a single stage ?lter that can 
simultaneously remove small particles, such as viruses and 
bacteria, as Well as organic compounds, such as TTHM. This 
and other bene?ts are provided by the present invention. 

SUMMARY OF THE INVENTION 

[0008] A ?lter for providing or treating potable Water is 
provided. The ?lter includes a housing having an inlet and 
an outlet, and a ?lter material disposed Within the housing. 
The ?lter material is formed from about 25% to about 75%, 
by Weight, of a plurality of microporous activated carbon 
particles and from about 25% to about 75%, by Weight, of 
a plurality of mesoporous activated carbon ?lter particles. In 
one aspect of the present invention, the microporous acti 
vated carbon ?lter particles, the mesoporous activated car 
bon ?lter particles, or both are coated at least partially or 
entirely With a cationic polymer. And in another aspect of the 
present invention, at least a portion of the microporous 
activated carbon ?lter particles, the mesoporous activated 
carbon ?lter particles, or both are coated With silver or a 
silver containing material. 

[0009] Other materials may be added to the ?lter materials 
of the present invention, such as, activated carbon poWders, 
activated carbon granules, activated carbon ?bers, carbon 
nanotubes, activated carbon nanotubes, single-Wall carbon 
nanotubes (SWNT), multi-Wall carbon nanotubes (MWNT), 
Zeolites, activated alumina, magnesia, activated magnesia, 
diatomaceous earth, activated silica, hydrotalcites, metal 
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organic framework materials (MOF), glass particles or 
?bers, synthetic polymer nano?bers, natural polymer 
nano?bers, polyethylene ?bers, polypropylene ?bers, ethyl 
ene maleic anhydride copolymer ?bers, sand, clay and 
mixtures thereof. These other materials, like the activated 
carbon particles discussed directly above, can be coated at 
least partially or entirely With a cationic polymer, silver, a 
silver containing material, and mixtures thereof. 

[0010] In another aspect of the present invention there is 
provided a kit comprising a ?lter for providing potable 
Water. The ?lter comprises a housing having an inlet and an 
outlet, and a ?lter material disposed Within the housing 
formed at least in part from a plurality of microporous and 
mesoporous activated carbon ?lter particles Wherein at least 
a portion of these particles are coated With a cationic 
material. The kit further comprises a package for containing 
the ?lter and either the package or the ?lter housing com 
prises information that the ?lter or ?lter material: reduces 
bacteria; reduces viruses; reduces microorganisms; reduces 
TTHM, reduces chemicals or any combination of these. 

BRIEF DESCRIPTION OF THE DRAWING 

[0011] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the invention, 
it is believed that the present invention Will be better 
understood from the folloWing description taken in conjunc 
tion With the accompanying draWing in Which: 

[0012] FIG. 1 is a cross sectional side vieW of a radial floW 
?lter made in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0013] All documents cited are, in relevant part, incorpo 
rated herein by reference. The citation of any document is 
not to be construed as an admission that it is prior art With 
respect to the present invention. 

[0014] 
[0015] As used herein, the terms “?lters” and “?ltration” 
refer to structures and mechanisms, respectively, associated 
With microorganism removal (and/or other contaminant 
removal), via primarily adsorption and/or siZe exclusion to 
a lesser extent. 

I. De?nitions 

[0016] As used herein, the terms “removal”, “reduce”, 
“reduction”, and their derivatives refer to partial reduction of 
the number or concentration of contaminants. 

[0017] As used herein, the phrase “?lter material” is 
intended to refer to an aggregate of ?lter particles. The 
aggregate of the ?lter particles forming a ?lter material can 
be either homogeneous or heterogeneous. The ?lter particles 
can be uniformly or non-uniformly distributed (e.g., layers 
of different ?lter particles) Within the ?lter material. The 
?lter particles forming a ?lter material also need not be 
identical in shape or siZe and may be provided in either a 
loose or interconnected form. For example, a ?lter material 
might comprise microporous, and mesoporous and basic 
activated carbon particles in combination With activated 
carbon ?bers, and these ?lter particles may be either pro 
vided in loose association or partially or Wholly bonded by 
a polymeric binder or other means to form an integral 
structure. 
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[0018] As used herein, the phrase “?lter particle” is 
intended to refer to an individual member or piece, Which is 
used to form at least part of a ?lter material. For example, 
a ?ber, a granule, a bead, etc. are each considered ?lter 
particles herein. Further, the ?lter particles can vary in siZe, 
from impalpable ?lter particles (e.g., a very ?ne poWder) to 
palpable ?lter particles. 

[0019] As used herein, the phrase “?lter material pore 
volume” refers to the total volume of the inter-particle pores 
in the ?lter material With siZes larger than 0.1 pm. 

[0020] As used herein, the phrase “?lter material total 
volume” refers to the sum of the inter-particle pore volume 
and the volume occupied by the ?lter particles. 

[0021] As used herein, the terms “microorganism”, 
“microbial organism”, “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. 

[0022] As used herein, the phrase “Bacteria Removal 
Index” (BRI) of ?lter particles is de?ned as: 

BRI=100><[1—(bath concentration ofE. coli bacteria at 
equilibrium/control concentration of E. coli bacteria)], 

[0023] Wherein “bath concentration of E. coli bacteria at 
equilibrium” refers to the concentration of bacteria at equi 
librium in a bath that contains a mass of ?lter particles 
having a total external surface area of 1400 cm2 and Sauter 
mean diameter less than 55 pm, as discussed more fully 
hereafter. Equilibrium is reached When the E. coli concen 
tration, as measured at tWo time points 2 hours apart, 
remains unchanged to Within half order of magnitude. The 
phrase “control concentration of E. coli bacteria” refers to 
the concentration of E. coli bacteria in the control bath, and 
is equal to about 3.7><109 CFU/L. The Sauter mean diameter 
is the diameter of a particle Whose surface-to-volume ratio 
is equal to that of the entire particle distribution. Note that 
the term “CFU/L” denotes “colony-forming units per liter”, 
Which is a typical term used in E. coli counting. The BRI is 
measured Without application of chemical agents that pro 
vide bactericidal effects. An equivalent Way to report the 
removal capability of ?lter particles is With the “Bacteria 
Log Removal Index” (BLRI), Which is de?ned as: 

[0024] The BLRI has units of “log” (Where “log” stands 
for logarithm). For example, ?lter particles that have a BRI 
equal to 99.99% have a BLRI equal to 4 log. Test procedures 
used to determine these values can be found in International 
Application No. PCT/US03/05416, Feb. 21, 2003, and also 
in International Application No. PCT/US03/05409, ?led 
Feb. 21, 2003, the substances of Which are incorporated 
herein by reference. 

[0025] As used herein, the phrase “Viruses Removal 
Index” (VRI) for ?lter particles is de?ned as: 

VRI=100><[1—(bath concentration of MS-2 phages at 
equilibrium/control concentration of MS-2 phages)], 

[0026] Wherein “bath concentration of MS-2 phages at 
equilibrium” refers to the concentration of phages at equi 
librium in a bath that contains a mass of ?lter particles 
having a total external surface area of 1400 cm2 and Sauter 
mean diameter less than 55 pm, as discussed more fully 
hereafter. Equilibrium is reached When the MS-2 concen 
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tration, as measured at tWo time points 2 hours apart, 
remains unchanged to Within half order of magnitude. The 
phrase “control concentration of MS-2 phages” refers to the 
concentration of MS-2 phages in the control bath, and is 
equal to about 6.7><107 PFU/L. Note that the term “PFU/L” 
denotes “plaque-forming units per liter”, Which is a typical 
term used in MS-2 counting. The VRI is measured Without 
application of chemical agents that provide virucidal effects. 
An equivalent Way to report the removal capability of ?lter 
particles is With the “Viruses Log Removal Index” (VLRI), 
Which is de?ned as: 

[0027] The VLRI has units of “log” (Where “log” is the 
logarithm). For example, ?lter particles that have a VRI 
equal to 99.9% have a VLRI equal to 3 log. Test procedures 
used to determine these values can be found in International 
Application No. PCT/US03/05416, Feb. 21, 2003, and also 
in International Application No. PCT/US03/05409, ?led 
Feb. 21, 2003, the substances of Which are incorporated 
herein by reference. 

[0028] As used herein, the phrase “Filter Bacteria Log 
Removal (F-BLR)” refers to the bacteria removal capability 
of the ?lter after the How of the ?rst 2,000 ?lter material pore 
volumes. The F-BLR is de?ned and calculated as: 

F -BLR=-log [(ef?uent concentration of E. c0li)/(in?u 
ent concentration of E. coli)], 

[0029] Where the “in?uent concentration of E. coli” is set 
to about 1><108 CFU/L continuously throughout the test and 
the “effluent concentration of E. coli” is measured after 
about 2,000 ?lter material pore volumes ?oW through the 
?lter. F-BLR has units of “log” (Where “log” is the loga 
rithm). Note that if the effluent concentration is beloW the 
limit of detection of the technique used to assay, then the 
effluent concentration for the calculation of the F-BLR is 
considered to be the limit of detection. Also, note that the 
F-BLR is measured Without application of chemical agents 
that provide bactericidal effects. Test procedures used to 
determine these values can be found in International Appli 
cation No. PCT/US03/05416, Feb. 21, 2003, and also in 
International Application No. PCT/US03/05409, ?led Feb. 
21, 2003, the substances of Which are incorporated herein by 
reference. 

[0030] As used herein, the phrase “Filter Viruses Log 
Removal (F-VLR)” refers to the viruses removal capability 
of the ?lter after the How of the ?rst 2,000 ?lter material pore 
volumes. The F-VLR is de?ned and calculated as: 

F-VLR=-log [(e?luent concentration of MS-2)/(in?u 
ent concentration of MS-2)], 

[0031] Where the “in?uent concentration of MS-2” is set to 
about 1><107 PFU/L continuously throughout the test and the 
“effluent concentration of MS-2” is measured after about 
2,000 ?lter material pore volumes ?oW through the ?lter. 
F-VLR has units of “log” (Where “log” is the logarithm). 
Note that if the effluent concentration is beloW the limit of 
detection of the technique used to assay, then the effluent 
concentration for the calculation of the F-VLR is considered 
to be the limit of detection. Also, note that the F-VLR is 
measured Without application of chemical agents that pro 
vide virucidal effects. Atest procedure used to determine this 
value can be found in International Application No. PCT/ 
US03/05416, Feb. 21, 2003, and also in International Appli 
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cation No. PCT/US03/05409, ?led Feb. 21, 2003, the sub 
stances of Which are incorporated herein by reference. 

[0032] As used herein, the phrase “total external surface 
area” is intended to refer to the total geometric external 
surface area of one or more of the ?lter particles, as 
discussed more fully hereafter. 

[0033] As used herein, the phrase “speci?c external sur 
face area” is intended to refer to the total external surface 
area per unit mass of the ?lter particles, as discussed more 
fully hereafter. 

[0034] As used herein, the term “micropore” is intended to 
refer to an intra-particle pore having a Width or diameter less 
than 2 nm (or equivalently, 20 A). 

[0035] As used herein, the term “mesopore” is intended to 
refer to an intra-particle pore having a Width or diameter 
betWeen 2 nm and 50 nm (or equivalently, betWeen 20 A and 
500 A). 
[0036] As used herein, the term “macropore” is intended 
to refer to an intra-particle pore having a vyidth or diameter 
greater than 50 nm (or equivalently, 500 A). 

[0037] As used herein, the phrase “total pore volume” and 
its derivatives are intended to refer to the volume of all the 
intra-particle pores, i.e., micropores, mesopores, and 
macropores. The total pore volume is calculated as the 
volume of nitrogen adsorbed at a relative pressure of 0.9814 
using the BET process (ASTM D 4820-99 standard), a 
process Well knoWn in the art. 

[0038] As used herein, the phrase “micropore volume” 
and its derivatives are intended to refer to the volume of all 
micropores. The micropore volume is calculated from the 
volume of nitrogen adsorbed at a relative pressure of 0.15 
using the BET process (ASTM D 4820-99 standard), a 
process Well knoWn in the art. 

[0039] As used herein, the phrase “sum of the mesopore 
and macropore volumes” and its derivatives are intended to 
refer to the volume of all mesopores and macropores. The 
sum of the mesopore and macropore volumes is equal to the 
difference betWeen the total pore volume and micropore 
volume, or equivalently, is calculated from the difference 
betWeen the volumes of nitrogen adsorbed at relative pres 
sures of 0.9814 and 0.15 using the BET process (ASTM D 
4820-99 standard), a process Well knoWn in the art. 

[0040] As used herein, the phrase “pore siZe distribution in 
the mesopore range” is intended to refer to the distribution 
of the pore siZe as calculated by the Barrett, Joyner, and 
Halenda (BJH) process, a process Well knoWn in the art. 

[0041] As used herein, the term “carboniZation” and its 
derivatives are intended to refer to a process in Which the 
non-carbon atoms in a carbonaceous substance are reduced. 

[0042] As used herein, the term “activation” and its 
derivatives are intended to refer to a process in Which a 
carboniZed substance is rendered more porous. 

[0043] As used herein, the term “activated carbon par 
ticles” or “activated carbon ?lter particles” and their deriva 
tives are intended to refer to carbon particles that have been 
subjected to an activation process. 

[0044] As used herein, the phrase “point of Zero charge” is 
intended to refer to the pH above Which the total surface of 
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the carbon particles is negatively charged. A test procedure 
used to determine this value can be found in International 
Application No. PCT/US03/05416, Feb. 21, 2003, and also 
in International Application No. PCT/US03/05409, ?led 
Feb. 21, 2003, the substances of Which are incorporated 
herein by reference. 

[0045] As used herein, the term “basic” is intended to refer 
to ?lter particles With a point of Zero charge greater than 7. 

[0046] As used herein, the term “acidic” is intended to 
refer to ?lter particles With a point of Zero charge less than 
7. 

[0047] As used herein, the phrase “mesoporous activated 
carbon ?lter particle” refers to an activated carbon ?lter 
particle Wherein the sum of the mesopore and macropore 
volumes may be greater than 0.12 mL/g. 

[0048] As used herein, the phrase “microporous activated 
carbon ?lter particle” refers to an activated carbon ?lter 
particle Wherein the sum of the mesopore and macropore 
volumes may be less than 0.12 mL/g. 

[0049] As used herein, the phrase “mesoporous and basic 
activated carbon ?lter particle” is intended to refer to an 
activated carbon ?lter particle Wherein the sum of the 
mesopore and macropore volumes may be greater than 0.12 
mL/g and has a point of Zero charge greater than 7. 

[0050] As used herein, the phrase “mesoporous, basic, and 
reduced-oxygen activated carbon ?lter particle” is intended 
to refer to an activated carbon ?lter particle Wherein the sum 
of the mesopore and macropore volumes may be greater 
than 0.12 mL/g, has a point of Zero charge greater than 7, 
and has a bulk oxygen percentage by Weight of 1.5% or less. 

[0051] As used herein, the phrase “mesoporous and acidic 
activated carbon ?lter particle” is intended to refer to an 
activated carbon ?lter particle Wherein the sum of the 
mesopore and macropore volumes may be greater than 0.12 
mL/g and has a point of Zero charge less than 7. 

[0052] As used herein, the phrase “starting material” 
refers to any precursor containing mesopores and 
macropores or capable of yielding mesopores and 
macropores during carboniZation and/or activation. 

[0053] As used herein, the phrase “axial ?oW” refers to 
How through a planar surface and perpendicularly to that 
surface. 

[0054] As used herein, the phrase “radial ?oW” typically 
refers to How through essentially cylindrical or essentially 
conical surfaces and perpendicularly to those surfaces. 

[0055] As used herein, the phrase “face area” refers to the 
area of the ?lter material initially exposed to the in?uent 
Water. For example, in the case of axial ?oW ?lters, the face 
area is the cross sectional area of the ?lter material at the 
entrance of the ?uid, and in the case of the radial ?oW ?lter, 
the face area is the outside area of the ?lter material. 

[0056] As used herein, the phrase “?lter depth” refers to 
the linear distance that the in?uent Water travels from the 
entrance to the exit of the ?lter material. For example, in the 
case of axial ?oW ?lters, the ?lter depth is the thickness of 
the ?lter material, and in the case of the radial ?oW ?lter, the 
?lter depth is half of the difference betWeen the outside and 
inside diameters of the ?lter material. 
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[0057] As used herein, the phrases “average ?uid resi 
dence time” and/or “average ?uid contact time” refer to the 
average time that the ?uid is in contact With the ?lter 
particles inside the ?lter as it travels through the ?lter 
material, and are calculated as the ratio of the ?lter material 
pore volume to the ?uid ?oW rate. 

[0058] As used herein, the phrases “?lter porosity” and/or 
“?lter bed porosity” refer to the ratio of the ?lter material 
pore volume to the ?lter material total volume. 

[0059] As used herein, the phrase “inlet” refers to the 
means in Which a ?uid is able to enter the ?lter or ?lter 
material. For example, the inlet can be a structure that is part 
of the ?lter, or the ?lter material face area. 

[0060] As used herein, an “outlet” refers to the means in 
Which a ?uid is able to exit the ?lter or ?lter material. For 
example, the outlet can be a structure that is part of the ?lter, 
or the cross sectional area of the ?lter material at the exit of 
the ?uid. 

[0061] As used herein, the term “?oW properties of par 
ticles” and its derivatives refer to the pressure drop that these 
particles cause When Water ?oWs in betWeen them. For 
example, When comparing tWo types of particles With the 
same particle siZe and distribution, one of them has better 
How properties than the other one if its pressure drop is less. 

[0062] II. Microporous and Mesoporous Activated Carbon 
Filter Particles 

[0063] The ?lter material of the present invention includes 
a mixture of microporous and mesoporous activated carbon 
particles. The mesoporous activated carbon material 
described herein has superior removal capabilities toWards 
small particles, such as bacteria and nano-siZed viruses, 
While the microporous activated carbon particles have supe 
rior removal of chemicals, such as total trihalomethanes 
(TTHM). The mesoporous activated carbon particles also 
have much better How properties than the microporous 
activated carbon particles, and thus the mesoporous acti 
vated carbon particles cause less pressure drop than the 
microporous activated carbon particles of the same siZe. In 
one embodiment, the ?lter material comprises from about 
25% to about 75%, by Weight, of a plurality of microporous 
activated carbon particles and from about 25% to about 
75%, by Weight, of a plurality of mesoporous activated 
carbon ?lter particles. As is discussed in greater detail beloW, 
the activated carbon ?lter particles are preferably coated at 
least partially or entirely With a cationic polymer, and more 
preferably, the mesoporous activated carbon particles are at 
least partially coated With a cationic polymer. 

[0064] The ?lter particles can be provided in a variety of 
shapes and siZes. For example, the ?lter particles can be 
provided in simple forms such as poWder, granules, ?bers, 
and beads. The ?lter particles can be provided in the shape 
of a sphere, polyhedron, cylinder, as Well as other symmetri 
cal, asymmetrical, and irregular shapes. Further, the ?lter 
particles can also be formed into complex forms such as 
Webs, screens, meshes, non-Wovens, Wovens, and bonded 
blocks, Which may or may not be formed from the simple 
forms described above. 

[0065] Like shape, the siZe of the ?lter particle can also 
vary, and the siZe need not be uniform among ?lter particles 
used in any single ?lter. In fact, it can be desirable to provide 
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?lter particles having different sizes in a single ?lter. Gen 
erally, the siZe of the ?lter particles may be betWeen about 
0.1 pm and about 10 mm, preferably betWeen about 0.2 pm 
and about 5 mm, more preferably betWeen about 0.4 pm and 
about 1 mm, and most preferably betWeen about 1 pm and 
about 500 pm. For spherical and cylindrical particles (e.g., 
?bers, beads, etc.), the above-described dimensions refer to 
the diameter of the ?lter particles. For ?lter particles having 
substantially different shapes, the above-described dimen 
sions refer to the largest dimension (e.g. length, Width, or 
height). 
[0066] Microporous Activated Carbon Particles 

[0067] In a preferred embodiment of this invention the 
plurality of microporous activated carbon particles are 
present in a concentration of from about 30% to about 55%, 
and more preferably from about 30% to about 50%, by 
Weight. Typical examples of microporous activated carbon 
are coconut activated carbon, bituminous coal activated 
carbon, physically activated Wood-based activated carbon, 
physically activated pitch-based activated carbon, etc. The 
preferred microporous activated carbon particles are coco 
nut activated carbon particles. 

[0068] Mesoporous Activated Carbon Particles 

[0069] The microporous carbon particles of the present 
invention have good removal properties for chemicals such 
as, TTHM. But the mesoporous activated carbon ?lter 
particles adsorb a larger number of microorganisms com 
pared to microporous activated carbon ?lter particles. Also, 
unexpectedly it has been found that mesoporous and basic 
activated carbon ?lter particles adsorb a larger number of 
microorganisms compared to that adsorbed by mesoporous 
and acidic activated carbon ?lter particles. Furthermore, it 
has been found unexpectedly that mesoporous, basic, and 
reduced-oxygen activated carbon ?lter particles adsorb a 
larger number of microorganisms compared to that adsorbed 
by mesoporous and basic activated carbon ?lter particles 
Without reduced bulk oxygen percentage by Weight. 

[0070] Although not Wishing to be bound by any theory, 
applicants hypothesiZe that, With regard to porosity, a large 
number of mesopores and/or macropores provides more 
convenient adsorption sites (openings or entrances of the 
mesopores/macropores) for the pathogens, their ?mbriae, 
and surface polymers (e.g. proteins, lipopolysaccharides, 
oligosaccharides and polysaccharides) that constitute the 
outer membranes, capsids and envelopes of the pathogens 
because the typical siZe of such is similar to that of the 
entrances of the mesopores and macropores. Also, mesopo 
rosity and macroporosity may correlate With one or more 
surface properties of the carbon, such as surface roughness. 

[0071] Also, not Wishing to be bound by theory, applicants 
hypothesiZe that basic activated carbon surfaces contain the 
types of functionality that are necessary to attract a larger 
number of microorganisms compared to those attracted by 
an acidic carbon surface. This enhanced adsorption onto the 
basic carbon surfaces might be attributed to the fact that the 
basic carbon surfaces attract the typically negatively 
charged microorganisms and functional groups on their 
surface. Applicants further hypothesiZe that basic carbon is 
capable of producing disinfectants When placed in Water by 
reducing molecular oxygen. Although the ?nal product of 
the reduction is hydroxide, applicants believe that reactive 
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oxygen intermediates, such as superoxide, hydroperoxide, 
and/or hydroxyl radicals, are formed and maybe suf?ciently 
long-lived to diffuse from carbon into bulk solution. 

[0072] Furthermore, applicants believe that carbon 
becomes more basic as the bulk oxygen percentage by 
Weight is reduced. A loW bulk oxygen percentage by Weight 
may lead to improved bacteria/viruses adsorption because 
there Will be: (1) less carboxylic acids and hence a less 
negative surface to repel bacteria/viruses; and (2) a less 
hydrated surface so that Water is more easily displaced by 
bacteria/viruses as they attempt to adsorb to the surface (i.e., 
less of an energy penalty for the bacteria/viruses to displace 
other species already occupying sites on the surface). This 
latter reason (i.e., a less hydrated surface) also ties in With 
the idea that the ideal surface, discussed hereafter, should be 
someWhat hydrophobic (that is, it should have just enough 
oxygen substitution on the edge carbon atoms to alloW it to 
Wet out, but not so much as to make it excessively hydro 
philic). 

[0073] The mesoporous ?lter particles may be the product 
of any precursor that contains mesopores and macropores or 
generates mesopores and macropores during carboniZation 
and/or activation. For example, and not by Way of limitation, 
the mesoporous ?lter particles can be Wood-based activated 
carbon particles, coal-based activated carbon particles, peat 
based activated carbon particles, pitch-based activated car 
bon particles, tar-based activated carbon particles, bean 
based activated carbon particles, other lignocellulosic-based 
activated carbon particles, and mixtures thereof. 

[0074] Activated carbon can display acidic, neutral, or 
basic properties. The acidic properties are associated With 
oxygen-containing functionalities or functional groups, such 
as, and not by Way of limitation, phenols, carboxyls, lac 
tones, hydroquinones, anhydrides, and ketones. The basic 
properties have heretofore been associated With functional 
ities such as pyrones, chromenes, ethers, carbonyls, as Well 
as the basal plane at electrons. The acidity or basicity of the 
activated carbon particles is determined With the “point of 
Zero charge” technique (NeWcombe, G., et al., Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 78, 
65-71 (1993)), the substance of Which is incorporated herein 
by reference. The technique is further described in Section 
VII hereafter. The mesoporous ?lter particles of the present 
invention may have a point of Zero charge betWeen 1 and 14, 
preferably greater than about 4, preferably greater than about 
6, preferably greater than about 7, preferably greater than 
about 8, more preferably greater than about 9, and most 
preferably betWeen about 9 and about 12. 

[0075] The point of Zero charge of activated carbons 
inversely correlates With their bulk oxygen percentage by 
Weight. Mesoporous activated carbon particles of the present 
invention may have a bulk oxygen percentage by Weight less 
than about 5%, preferably less than about 2.5%, preferably 
less than about 2.3%, preferably less than about 2%, more 
preferably less than about 1.2%, and most preferably less 
than about 1%, and/or greater than about 0.1%, preferably 
greater than about 0.2%, more preferably greater than about 
0.25%, and most preferably greater than about 0.3%. Also, 
the point of Zero charge of activated carbon particles cor 
relates With the oxidation-reduction potential (ORP) of the 
Water containing the particles because the point of Zero 
charge is a measure of the ability of the carbon to reduce 
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oxygen (at least for basic carbons). Filter particles of the 
present invention may have an ORP less than about 570 mV, 
preferably less than about 465 mV, preferably less than 
about 400 mV, preferably less than about 360 mV, preferably 
less than about 325 mV, and most preferably betWeen about 
290 mV and about 175 mV. 

[0076] Particle Activation 

[0077] The electric resistance of the activated carbon ?lter 
particles or ?lter material is one of their important properties 
as it relates to their ability to form a ?lter block. For 
example, a resistive heating method can be used to form 
?lter blocks, Wherein a ?lter material is heated by passing 
electricity betWeen 2 ends of the ?lter material. The electric 
resistance of the ?lter material Will control its ability to heat 
in a short time. The electric resistance is measured by 
forming ?lter blocks and measuring the electric resistance 
betWeen the 2 faces of the block by contacting them With 2 
electrodes from a voltmeter. 

[0078] Filter particles may be achieved by Way of treating 
a starting material as described here beloW. The treatment 
conditions may include atmosphere composition, pressure, 
temperature, and/or time. The atmospheres of the present 
invention may be reducing or inert. Heating the ?lter par 
ticles in the presence of reducing atmospheres, steam, or 
inert atmospheres yields ?lter material With reduced surface 
oxygen functionality. Examples of suitable reducing atmo 
spheres may include hydrogen, nitrogen, dissociated ammo 
nia, carbon monoxide, and/or mixtures. Examples of suit 
able inert atmospheres may include argon, helium, and/or 
mixtures thereof. 

[0079] The treatment temperature, When the activated 
carbon particles do not contain any noble metal catalysts 
(e. g., platinum, gold, palladium) may be betWeen about 600° 
C. and about 1,200° C., preferably betWeen about 700° C. 
and about 1,100° C., more preferably betWeen about 800° C. 
and about 1,050° C., and most preferably betWeen about 
900° C. and about 1,000° C. If the activated carbon particles 
contain noble metal catalysts, the treatment temperature may 
be betWeen about 100° C. and about 800° C., preferably 
betWeen about 200° C. and about 700° C., more preferably 
betWeen about 300° C. and about 600° C., and most pref 
erably betWeen about 350° C. and about 550° C. 

[0080] The treatment time may be betWeen about 2 min 
utes and about 10 hours, preferably betWeen about 5 minutes 
and about 8 hours, more preferably betWeen about 10 
minutes and about 7 hours, and most preferably betWeen 
about 20 minutes and about 6 hours. The gas ?oW rate may 
be betWeen about 0.25 standard L/h.g (i.e., standard liters 
per hour and gram of carbon; 0.009 standard ft3/h.g) and 
about 60 standard L/h.g (2.1 standard ft3/h.g), preferably 
betWeen about 0.5 standard L/h.g (0.018 standard ft3/h.g) 
and about 30 standard L/h.g (1.06 standard ft3/h.g), more 
preferably betWeen about 1.0 standard L/h.g (0.035 standard 
ft3/h.g) and about 20 standard L/h.g (0.7 standard ft3/h.g), 
and most preferably betWeen about 5 standard L/h.g (0.18 
standard ft3/h.g) and about 10 standard L/h.g (0.35 standard 
ft3/h.g). The pressure can be maintained greater than, equal 
to, or less than atmospheric during the treatment time. As 
Will be appreciated, other processes for producing a meso 
porous, basic, and reduced-oxygen activated carbon ?lter 
material can be employed. Also, such treatment of a starting 
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material as described above may be repeated multiple times, 
depending on the starting material, in order to obtain a ?lter 
material. 

[0081] A starting material may be commercially obtained, 
or may be made by the methods Which are Well knoWn in the 
art, as described in, for example, J agtoyen, M., and F. 
Derbyshire, Carbon, 36(7-8), 1085-1097 (1998), and Evans, 
et al., Carbon, 37, 269-274 (1999), and Ryoo et al.,]. Phys. 
Chem. B, 103(37), 7743-7746 (1999), the substances of 
Which are herein incorporated by reference. Typical chemi 
cals used for activation/carboniZation include phosphoric 
acid, Zinc chloride, ammonium phosphate, etc., Which may 
be used in combination With the methods described in the 
tWo immediately cited journals. 

[0082] Particle Porosity SiZe and Volume 

[0083] The Brunauer, Emmett and Teller (BET) speci?c 
surface area and the Barrett, Joyner, and Halenda (BJH) pore 
siZe distribution can be used to characteriZe the pore struc 
ture of both microporous and mesoporous activated carbon 
particles. Preferably, the BET speci?c surface area of the 
mesoporous and basic activated carbon ?lter particles may 
be betWeen about 500 m2/ g and about 3,000 m2/ g, preferably 
betWeen about 600 m2/g to about 2,800 m2/g, more prefer 
ably betWeen about 800 m2/g and about 2,500 m2/g, and 
most preferably betWeen about 1,000 m2/g and about 2,000 
m2/g. 
[0084] The total pore volume of the mesoporous and basic 
activated carbon particles is measured during the BET 
nitrogen adsorption and is calculated as the volume of 
nitrogen adsorbed at a relative pressure, P/PO, of 0.9814. 
More speci?cally and as is Well knoWn in the art, the total 
pore volume is calculated by multiplying the “volume of 
nitrogen adsorbed in mL(STP)/g” at a relative pressure of 
0.9814 With the conversion factor 0.00156, that converts the 
volume of nitrogen at STP (standard temperature and pres 
sure) to liquid. The total pore volume of the mesoporous 
activated carbon ?lter particles may be greater than about 
0.4 mL/g, or greater than about 0.7 mL/g, or greater than 
about 1.3 mL/g, or greater than about 2 mL/g, and/or less 
than about 3 mL/g, or less than about 2.6 mL/g, or less than 
about 2 mL/g, or less than about 1.5 mL/g. 

[0085] The sum of the mesopore and macropore volumes 
is measured during the BET nitrogen adsorption and calcu 
lated as the difference betWeen the total pore volume and the 
volume of nitrogen adsorbed at P/PO of 0.15. The sum of the 
mesopore and macropore volumes of the mesoporous acti 
vated carbon ?lter particles may be greater than about 0.12 
mL/g, or greater than about 0.2 mL/g, or greater than about 
0.4 mL/g, or greater than about 0.6 mL/g, or greater than 
about 0.75 mL/g, and/or less than about 2.2 mL/g, or less 
than about 2 mL/g, or less than about 1.5 mL/g, or less than 
about 1.2 mL/g, or less than about 1 mL/g. 

[0086] The BJH pore siZe distribution can be measured 
using the Barrett, Joyner, and Halenda (BJ H) process, Which 
is described in J. Amer. Chem. Soc., 73, 373-80 (1951) and 
Gregg and Sing, ADSORPTION, SURFACE AREA, AND 
POROSITY, 2nd edition, Academic Press, NeW York 
(1982), the substances of Which are incorporated herein by 
reference. In one embodiment, the pore volume of the 
mesoporous activated carbon particles may be at least about 
0.01 mL/g for any pore diameter betWeen about 4 nm and 
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about 6 nm. In an alternate embodiment, the pore volume of 
the mesoporous activated carbon particles may be betWeen 
about 0.01 mL/g and about 0.04 mL/g for any pore diameter 
betWeen about 4 run and about 6 nm. In yet another 
embodiment, the pore volume of the mesoporous activated 
carbon particles may be at least about 0.03 mL/g for pore 
diameters betWeen about 4 nm and about 6 nm or is betWeen 
about 0.03 mL/g and about 0.06 mL/g. In a preferred 
embodiment, the pore volume of the mesoporous activated 
carbon particles may be betWeen about 0.015 mL/g and 
about 0.06 mL/g for pore diameters betWeen about 4 nm and 
about 6 nm. 

[0087] The ratio of the sum of the mesopore and 
macropore volumes to the total pore volume of the meso 
porous activated carbon particles may be greater than about 
03, preferably greater than about 0.4, preferably greater 
than about 0.6, and most preferably betWeen about 0.7 and 
about 1. 

[0088] The total external surface area is calculated by 
multiplying the speci?c external surface area by the mass of 
the ?lter particles, and is based on the dimensions of the 
?lter particles. For example, the speci?c external surface 
area of mono-dispersed (i.e., With uniform diameter) ?bers 
is calculated as the ratio of the area of the ?bers (neglecting 
the 2 cross sectional areas at the ends of the ?bers) to the 
Weight of the ?bers. Thus, the speci?c external surface area 
of the ?bers is equal to: 4/Dp, Where D is the ?ber diameter 
and p is the ?ber density. For monodispersed spherical 
particles, similar calculations yield the speci?c external 
surface area as equal to: 6/Dp, Where D is the particle 
diameter and p is the particle density. For poly-dispersed 
?bers, spherical or irregular particles, the speci?c external 
surface area is calculated using the same respective formulae 
as above after substituting D3)2 for D, Where D3)2 is the 
Sauter mean diameter, Which is the diameter of a particle 
Whose surface-to-volume ratio is equal to that of the entire 
particle distribution. A process, Well knoWn in the art, to 
measure the Sauter mean diameter is by laser diffraction, for 
example using the Malvern equipment (Malvern Instru 
ments Ltd., Malvern, The speci?c external surface 
area of the ?lter particles, either microporous or mesopo 
rous, may be betWeen about 10 cm2/g and about 100,000 
cm2/ g, preferably betWeen about 50 cm2/ g and about 50,000 
cm2/g, more preferably betWeen about 100 cm 2/g and about 
10,000 cm2/g, and most preferably betWeen about 500 cm2/ g 
and about 7,000 cm2/g. 

[0089] In one preferred embodiment of the present inven 
tion, the ?lter particles comprise mesoporous activated car 
bon particles that are Wood-based activated carbon particles. 
These particles have a BET speci?c surface area betWeen 
about 1,000 m2/g and about 2,000 m2/g, total pore volume 
betWeen about 0.8 mL/g and about 2 mL/g, and sum of the 
mesopore and macropore volumes betWeen about 0.4 mL/g 
and about 1.5 mL/g. 

[0090] In another preferred embodiment of the present 
invention, the ?lter particles comprise mesoporous and basic 
activated carbon particles that are Wood-based activated 
carbon particles. These particles have a BET speci?c surface 
area betWeen about 1,000 m2/g and about 2,000 m2/g, total 
pore volume betWeen about 0.8 mL/g and about 2 mL/ g, and 
sum of the mesopore and macropore volumes betWeen about 
0.4 mL/g and about 1.5 mL/g. 
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[0091] Removal Indices 

[0092] The BRI of the mesoporous, or mesoporous and 
basic, or mesoporous, basic and reduced-oxygen activated 
carbon particles, When measured according to the test pro 
cedure set forth herein, may be greater than about 99%, 
preferably greater than about 99.9%, more preferably greater 
than about 99.99%, and most preferably greater than about 
99.999%. Equivalently, the BLRI of the mesoporous, or 
mesoporous and basic, or mesoporous, basic and reduced 
oxygen activated carbon particles may be greater than about 
2 log, preferably greater than about 3 log, more preferably 
greater than about 4 log, and most preferably greater than 
about 5 log. The VRI of the mesoporous, or mesoporous and 
basic, or mesoporous, basic and reduced-oxygen activated 
carbon particles, When measured according to the test pro 
cedure set forth herein, may be greater than about 90%, 
preferably greater than about 95%, more preferably greater 
than about 99%, and most preferably greater than about 
99.9%. Equivalently, the VLRI of the mesoporous, or meso 
porous and basic, or mesoporous, basic and reduced-oxygen 
activated carbon particles may be greater than about 1 log, 
preferably greater than about 1.3 log, more preferably 
greater than about 2 log, and most preferably greater than 
about 3 log. 

[0093] The F-BLR of ?lters of the present invention 
containing mesoporous, or mesoporous and basic, or meso 
porous, basic, and reduced-oxygen activated carbon par 
ticles, When measured according to the test procedure set 
forth herein, may be greater than about 2 logs, preferably 
greater than about 3 logs, more preferably greater than about 
4 logs, and most preferably greater than about 6 logs. The 
F-VLR of ?lters of the present invention containing meso 
porous, or mesoporous and basic, or mesoporous, basic, and 
reduced-oxygen activated carbon particles, When measured 
according to the test procedure set forth herein, may be 
greater than about 1 log, preferably greater than about 2 logs, 
more preferably greater than about 3 logs, and most pref 
erably greater than about 4 logs. 

[0094] In yet another preferred embodiment of the present 
invention, the ?lter particles comprise mesoporous, basic, 
and reduced-oxygen activated carbon particles that Were 
initially acidic and rendered basic and reduced-oxygen With 
treatment in a dissociated ammonia atmosphere. These par 
ticles are Wood-based activated carbon particles. The treat 
ment temperature is betWeen about 925° C. and about 1,000° 
C., the ammonia ?oWrate is betWeen about 1 standard L/h.g 
and about 20 standard L/h.g, and the treatment time is 
betWeen about 10 minutes and about 7 hours. These particles 
have a BET speci?c surface area betWeen about 800 m2/g 
and about 2,500 m2/g, total pore volume betWeen about 0.7 
mL/g and about 2.5 mL/g, and sum of the mesopore and 
macropore volumes betWeen about 0.21 mL/g and about 1.7 
mL/g. A non-limiting example of an acidic activated carbon 
that is converted to a basic and reduced-oxygen activated 
carbon is set forth beloW. 

[0095] In even yet another preferred embodiment of the 
present invention, the ?lter particles comprise mesoporous, 
basic, and reduced-oxygen activated carbon particles, that 
Were initially mesoporous and basic, With treatment in an 
inert (i.e., helium) atmosphere. These particles are Wood 
based activated carbon particles. The treatment temperature 
is betWeen about 800° C. and about 1,000° C., the helium 
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?oWrate is between about 1 standard L/h.g and about 20 
standard L/h.g, and the treatment time is betWeen about 10 
minutes and about 7 hours. These particles have a BET 
speci?c surface area betWeen about 800 m2/g and about 
2,500 m2/g, total pore volume betWeen about 0.7 mL/g and 
about 2.5 mL/g, and sum of the mesopore and macropore 
volumes betWeen about 0.21 mL/g and about 1.7 mL/g. A 
non-limiting example of a basic activated carbon that is 
converted to a basic and reduced-oxygen activated carbon is 
set forth beloW. 

[0096] The Oxygen Reduction Potion, “ORP” is measured 
using the platinum redox electrode Model 96-78-00 from 
Orion Research, Inc. (Beverly, Mass.), and following the 
ASTM standard D 1498-93. The procedure involves the 
suspension of about 0.2 g of carbon in about 80 mL of tap 
Water, and reading the electrode reading, in mV, after about 
5 min of gentle stirring. As Will be appreciated, other 
instrumentation can be substituted for this test procedure as 
is knoWn in the art. 

[0097] 
[0098] It is knoWn that the presence of metals in active 
carbon can greatly enhance the ef?ciency and selectivity of 
the active carbon When it is employed in ?ltering applica 
tions. Speci?cally, the presence of silver can improve the 
microbial removal of carbon-based Water ?lters. And more 
speci?cally, the Bacteria Removal Index (BRI) and the 
Viruses Removal Index (VRI) can both be increased With the 
incorporation of silver. 

III. Silver and Silver Containing Materials 

[0099] Those skilled in the art Will appreciate, hoWever, 
that coating materials and other ?lter additives beyond the 
?lter particles themselves, add costs to the ?lter. Moreover, 
coating materials may elude off of the particles into the 
drinking Water With potentially adverse affects. Thus, While 
the coating materials and other additives described herein 
provided certain bene?ts, it is highly desirable to achieve 
those same bene?ts With no additive to the activated carbon 
particles of the present invention. 

[0100] Thus, in one preferred aspect, the present invention 
is directed to a ?lter for providing potable Water. The ?lter 
comprises a housing having an inlet and an outlet, and a ?lter 
material disposed Within said housing formed at least in part 
from a plurality of activated carbon ?lter particles and 
particles selected from the group consisting of microporous 
or mesoporous activated carbon ?lter particles coated 
entirely With silver or a silver containing material, 
microporous or mesoporous activated carbon ?lter particles 
partially coated With silver or a silver containing material, 
silver particles and mixtures thereof. 

[0101] More speci?cally, the ?lter material of the present 
invention can comprise, among other things, an ad-mixture 
of silver With the microporous and mesoporous activated 
carbon ?lter particles, microporous or mesoporous activated 
carbon ?lter particles coated partially or entirely With silver 
and/or a silver containing material; microporous or meso 
porous activated carbon ?lter particles coated partially or 
entirely With silver or a silver containing material; or an 
ad-mixture of microporous activated carbon particles, meso 
porous activated carbon ?lter particles, microporous or 
mesoporous activated carbon ?lter particles coated partially 
or entirely With silver and/or a silver containing material. 
Preferably, the Weight ratio of the silver or silver-containing 
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material to microporous and mesoporous activated carbon 
?lter particles is from about 1:10,000 to about 1:1, based on 
the Weight of the silver or silver-containing material, respec 
tively, and having a BET surface area of at least 800 m2/g 
and a bulk density of at least 0.1 g/mL. 

[0102] Methods for adding silver to a carbon based matrix 
are knoWn, and any of these methods are suitable to produce 
the ?lter material of the present invention. See for example, 
US. Pat. Nos. 4,482,641 and 4,045,553, issued to Wenner 
berg, on Nov. 13, 1984, and Mitsumori et al., on Aug. 30, 
1977, respectively. See also, Dimitry, US. Pat. No. 3,886, 
093, Which discloses activated carbons having uniformly 
distributed active metal sites and a method for making such 
activated carbons. The method of Dimitry involves mixing 
an aqueous solution of a lignin salt With an aqueous solution 
of a transition metal salt to precipitate the transition metal 
and lignin as a metal lignate. The transition metal must be 
capable of forming a chemical bond With the lignin and in 
so doing precipitating the lignin from solution as a metal 
lignate. Dimitry discloses that the time required to complete 
the precipitation is less than one hour and that usually 30 
minutes is suf?cient for this purpose. According to Dimitry, 
suitably the Wet metal lignate precipitate can then be dried 
in a spray drier. The precipitate is then carboniZed at a 
temperature betWeen 371° C. and 983° C. and ?nally acti 
vated at a temperature betWeen 760° C. and 1065° C. 
Dimitry states that, although drying the metal lignate pre 
cipitate is not critical to form an activated carbon product, 
drying is necessary to form a high surface area end product. 
The Dimitry, Mitsumori et al. and Wennerberg patents are 
incorporated herein in their entirety by reference. 

[0103] While not intending to limit the present invention, 
one method of producing a substantially uniform dispersion 
of a silver or silver-containing material on a porous carbon 
matrix comprises: forming a uniform co-crystallite of a 
precursor of the silver or silver-containing material and of a 
carbon precursor as de?ned above; forming a uniform 
poWdered mixture of the co-crystallite and organic solids 
comprising an alkali metal hydroxide; pyroliZing the poW 
dered mixture in an inert atmosphere at a temperature in the 
range of from about 400° C. to about 980° C. to form the 
carbon matrix having the silver or silver-containing material 
substantially uniformly dispersed therein; and separating 
unreacted inorganic material and inorganic reaction products 
other than the dispersed silver or silver-containing material 
from the porous carbon matrix. 

[0104] Any of a variety of knoWn techniques can be 
employed to form the co-crystallite in the method of this 
invention Which affords uniform co-crystalliZation, that is, 
simultaneous crystalliZation, of the carbon precursor and the 
precursor of the silver or silver-containing material and the 
formation of a substantially uniform co-crystallite thereof. 
Homogeneity of the co-crystallite mixture is essential to the 
ultimate formation of a uniform dispersion of the silver or 
silver-containing material in high surface area active carbon. 
A preferred technique to form the uniform co-crystallite of 
the carbon precursor and precursor of the silver or silver 
containing material in the method of this invention involves 
the formation of a stable solution of both such precursors in 
a suitable solvent and spray drying such solution to dryness. 
In such technique, solvent removal must be carried out 
rapidly enough to maximiZe rapid, simultaneous and homo 
geneous co-crystalliZation of both precursors from solution. 
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Spray drying provides the desired rapid evaporation to 
insure rapid, simultaneous and uniform co-crystalliZation 
and formation of a homogeneous co-crystallite of both 
precursors. In a spray drying system Which is suitable for use 
in carrying out the spray drying step to produce the ?lter 
material of this invention, a solution of the carbon precursor 
and of the precursor of the silver or silver-containing mate 
rial is introduced into a drying chamber through a noZZle. A 
hot inert gas such as nitrogen is introduced into the drying 
chamber through a line Which surrounds the noZZle and 
serves to assist in atomiZing the solution entering the drying 
chamber through the noZZle, to accelerate and raise the 
temperature of the atomiZed solution droplets and thereby to 
promote substantially instantaneous evaporation of solvent 
therefrom to afford a homogeneous co-crystallite poWder. 
Air is introduced into the drying chamber to sWeep the 
co-crystallite poWder and nitrogen doWnWard in the drying 
chamber Where the bulk of the co-crystallite poWder falls to 
the bottom of the drying chamber, Where it collects and from 
Which it is later removed for use in the subsequent steps of 
the method of this invention. Gas passes from the drying 
chamber and then to a cyclone system Where co-crystallite 
poWder entrained in the gas stream is separated from the gas 
and passes doWnWard through a line for collection. The 
Weight ratio of the dispersed metal or metal-containing 
material to the active carbon matrix in the composition of 
this invention is preferably from 1:10,000 to 1:1, based on 
the Weight of the metal or metal-containing material, respec 
tively. 

[0105] IV. Cationic Coating Materials 

[0106] Carbon typically has an isoelectric point beloW 6 
because there is an excess of acidic functional groups on its 
surface. Therefore, carbon Will often have a negative surface 
charge at a pH above 6 and hence Will be anionic at the pH 
of drinking Water, Which typically falls betWeen 6 and 9. In 
some instances it is desirable for carbon to have a positive 
surface charge. It has been found that the surface charge of 
carbon can be inverted by adsorbing certain cationic poly 
mers to its surface. More speci?cally, it is desirable to coat 
at least a portion of the microporous or mesoporous acti 
vated carbon ?lter particles of the present ?lter material With 
one or more of the cationic polymers listed beloW. It is even 
more desirable to coat at least a portion of the microporous 
or mesoporous activated carbon ?lter particles of the present 
?lter material With one or more of the cationic polymers 
listed beloW and silver or a silver containing material. 

[0107] Those skilled in the art Will appreciate, hoWever, 
that coating materials and other ?lter additives beyond the 
?lter particles themselves, add costs to the ?lter. Moreover, 
coating materials may elude off of the particles into the 
drinking Water With potentially adverse affects. Thus, While 
the coating materials and other additives described herein 
provided certain bene?ts, it is highly desirable to achieve 
those same bene?ts With no additive to the activated carbon 
particles of the present invention. 

[0108] The polymers of use must contain amine or qua 
ternary nitrogens, or a mixture of both, and can be prepared 
by chain groWth or step groWth polymeriZation procedures 
With the corresponding monomers. These monomers can 
also, if desired, be copolymeriZed With other monomers. The 
polymer can also be a synthesiZed or naturally occurring 
biopolymer. If any of these polymers, irrespective of source, 
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do not contain amine or quaternary nitrogens, these func 
tional groups can be added by the appropriate graft chem 
istry. When the polymer lacks quaternary nitrogen, but 
contains amine nitrogens, the amine functional group must 
be sufficiently basic to be protonated in Water and render the 
polymer suf?ciently cationic to overcome any anionic 
charge introduced by the carbon. If the nitrogens are not 
suf?ciently basic, the polymers containing amine nitrogens 
can be quaterniZed by reaction With methylchloride, dim 
ethylsulfate or other common alkylating agents. As used 
herein, “cationic coating material” means the cationic poly 
mer used to coat the ?lter particles. 

[0109] Examples of cationic polymers suitable for use in 
the present invention, Which are prepared by chain groWth 
polymeriZation include, but are not limited to: polyviny 
lamine, poly(N-methylvinylamine), polyallylamine, polyal 
lyldimethylamine, polydiallylmethylamine, polydiallyldim 
ethylammonium chloride, polyvinylpyridinium chloride, 
poly(2-vinylpyridine), poly(4-vinylpyridine), polyvinylimi 
daZole, poly(4-aminomethylstyrene), poly(4-aminostyrene), 
polyvinyl(acrylamide-co-dimethylaminopropylacrylamide), 
and polyvinyl(acrylamide-co-dimethyaminoethylmethacry 
late). 
[0110] Examples of cationic polymers suitable for use in 
the present invention, Which are prepared by step groWth 
polymeriZation include, but are not limited to: polyethyl 
eneimine, polylysine, DAB-Am and PAMAM dendrimers 
(or hyperbranched polymers containing the amine or qua 
ternary nitrogen functional group), polyaminoamides, poly 
hexamethylenebiguandide, polydimethylamine-epichloro 
hydrine, and any of a number of polyaminosiloxanes, Which 
can be built from monomers such as aminopropyltriethox 
ysilane, N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, 
N-trimethoxysilylpropyl-N,N,N-trimethylammonium chlo 
ride, and bis(trimethoxysilylpropyl)amine. 
[0111] Examples of cationic polymers suitable for use in 
the present invention, Which are biopolymers include chi 
tosan, and starch, Where the latter is grafted With reagents 
such as diethylaminoethylchloride. 

[0112] Examples of cationic polymers suitable for use in 
the present invention, Which contain amine nitrogen but are 
made more basic by quaterniZation include the alkylation of 
polyethyleneimine by methylchloride, and the alkylation of 
polyaminoamides With epichlorohydrine. 
[0113] Other categories of cationic polymers suitable for 
use in the present invention, are coagulants and ?occulants 
in general. Also, cationic polyacrylamide With cationic 
monomers dimethyl aminoethyl acrylate methyl chloride 
(AETAC), dimethyl aminoethyl methacrylate methyl chlo 
ride (METAC), acrylamidopropyl trimethyl ammonium 
chloride (APTAC), methacryl amodopropyl trimethyl 
ammonium chloride (MAPTAC), and diallyl dimethyl 
ammonium chloride (DADMAC). Finally, ionenes, and 
silanes are also acceptable for use herein. 

[0114] Preferred cationic polymers for use in the present 
invention include polyaminoamides, polyethyleneimine, 
polyvinylamine, polydiallyldimethylammonium chloride, 
polydimethylamine-epichlorohydrin, polyhexamethyl 
enebiguanide, poly-[2-(2-ethoxy)-ethoxyethlyl-guani 
dinium]chloride. 
[0115] The cationic polymers of the invention can be 
attached to the surface of carbon by physisorption or chemi 
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cal crosslinking. Physisorption can be accomplished by 
spraying a solution of the polymer onto the surface of 
carbon, or by adding the solution of the polymer to a 
suspension of the carbon in Water. This method of applica 
tion is applicable to all polymers of the invention. Chemical 
crosslinking is generally only applicable to those polymers 
capable of undergoing a crosslinking reaction. This Would 
exclude, for example, the homopolymer of diallydimethy 
lammonium chloride, and any other polymer that lacked a 
reactive functional group. If the reactive polymer Was ther 
mosetting (eg the polyaminoamide grafted With epichloro 
hydrin), it could simply be added to the surface of carbon by 
one of the tWo methods already mentioned and heated. If the 
reactive polymer Was not thermosetting, then a suitable 
crosslinking molecule needs to be introduced into the poly 
mer solution before application to the carbon surface. In the 
polymers of the present invention (Which all contain reactive 
nucleophilic functional groups), the crosslinking molecules 
must be electrophilic and can include citric acid, ethyleneg 
lycol diglycidyl ether, 3-glycidoxypropyltriethoxysilane, 
and the like. During the crosslinking reaction the polymer 
may form covalent bonds to carbon, but this is not a 
requirement of the invention. Preferably, the Weight ratio of 
the cationic coating material to activated carbon ?lter par 
ticles is from about 1:10,000 to about 1:1, by Weight. 

[0116] V. Filters of the Present Invention 

[0117] Referring to FIG. 1, an exemplary ?lter made in 
accordance With the present invention Will noW be 
described. The ?lter 20 comprises a housing 22 in the form 
of a cylinder having an inlet 24 and an outlet 26. The 
housing 22 can be provided in a variety of forms, shapes, 
siZes, and arrangements depending upon the intended use 
and desired performance of the ?lter 20, as knoWn in the art. 
For example, the ?lter 20 can be an axial ?oW ?lter, Wherein 
the inlet 24 and outlet 26 are disposed so that the liquid ?oWs 
along the axis of the housing 22. Alternatively, the ?lter 20 
can be a radial ?oW ?lter Wherein the inlet 24 and outlet 26 
are arranged so that the ?uid (e.g., either a liquid, gas, or 
mixture thereof) ?oWs along a radial of the housing 22. 
Either in axial or radial ?oW con?guration, ?lter 20 may be 
preferably con?gured to accommodate a face area of at least 
about 0.5 in. (3.2 cm2), more preferably at least about 3 in.2 
(19.4 cm2), and most preferably at least about 5 in.2 (32.2 
cm2), and preferably a ?lter depth of at least about 0.125 in. 
(0.32 cm) of at least about 0.25 in. (0.64 cm), more prefer 
ably at least about 0.5 in. (1.27 cm), and most preferably at 
least about 1.5 in. (3.81 cm). For radial ?oW ?lters, the ?lter 
length may be at least 0.25 in. (0.64 cm), more preferably at 
least about 0.5 in. (1.27 cm), and most preferably at least 
about 1.5 in. (3.81 cm). Still further, the ?lter 20 can include 
both axial and radial ?oW sections. 

[0118] The housing may also be formed as part of another 
structure Without departing from the scope of the present 
invention. While the ?lters of the present invention are 
particularly suited for use With Water, it Will be appreciated 
that other ?uids (e.g., air, gas, and mixtures of air and 
liquids) can be used. Thus, the ?lter 20 is intended to 
represent a generic liquid ?lter or gas ?lter. The siZe, shape, 
spacing, alignment, and positioning of the inlet 24 and outlet 
26 can be selected, as knoWn in the art, to accommodate the 
How rate and intended use of the ?lter 20. Preferably, the 
?lter 20 is con?gured for use in residential or commercial 
potable Water applications, including, but not limited to, 
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Whole house ?lters, refrigerator ?lters, portable Water units 
(e.g., camping gear, such as Water bottles), faucet-mount 
?lters, under-sink ?lters, medical device ?lters, industrial 
?lters, air ?lters, etc. Examples of ?lter con?gurations, 
potable Water devices, consumer appliances, and other Water 
?ltration devices suitable for use With the present invention 
are disclosed in US. Pat. Nos. 5,527,451, 5,536,394, 5,709, 
794, 5,882,507, 6,103,114, 4,969,996, 5,431,813, 6,214,224, 
5,957,034, 6,145,670, 6,120,685, and 6,241,899, the sub 
stances of Which are incorporated herein by reference. For 
potable Water applications, the ?lter 20 may be preferably 
con?gured to accommodate a How rate of less than about 8 
L/min, or less than about 6 L/min, or betWeen about 2 L/min 
and about 4 L/min, and the ?lter may contain less than about 
2 kg of ?lter material, or less than about 1 kg of ?lter 
material, or less than about 0.5 kg of ?lter material. Further, 
for potable Water applications, the ?lter 20 may be prefer 
ably con?gured to accommodate an average ?uid residence 
time of at least about 1 s, preferably at least about 3 s, 
preferably at least about 5 s, more preferably at least about 
10 s, and most preferably at least about 15 s. Still further, for 
potable Water applications, the ?lter 20 may be preferably 
con?gured to accommodate a ?lter material pore volume of 
at least about 0.4 cm3, preferably at least about 4 cm3, more 
preferably at least about 14 cm3, and most preferably at least 
about 25 cm3. 

[0119] The ?lter 20 also comprises a ?lter material 28 
Which may be used in combination With other ?lter systems 
including reverse osmosis systems, ultra-violet light sys 
tems, ionic exchange systems, electrolyZed Water systems, 
and other Water treatment systems knoWn to those With skill 
in the art. 

[0120] The ?lter 20 also comprises a ?lter material 28, 
Wherein the ?lter material 28 includes one or more ?lter 

particles (e.g., ?bers, granules, etc.). In addition to the 
microporous particles of the ?lter materials of the present 
invention, one or more of the ?lter particles can be meso 
porous, more preferably mesoporous and basic, and most 
preferably mesoporous, basic and reduced oxygen and pos 
sess the characteristics previously discussed. The 
microporous; mesoporous; or mesoporous and basic; or 
mesoporous, basic and reduced oxygen activated carbon 
?lter material 28 can be coated either partially or in its 
entirety With silver, a silver containing material, any of the 
cationic polymer coating materials de?ned above, or com 
binations thereof. The microporous; mesoporous; or meso 
porous and basic; or mesoporous, basic and reduced oxygen 
activated carbon ?lter material 28 can be combined With 
other materials selected from the group consisting of acti 
vated carbon poWders, activated carbon granules, activated 
carbon ?bers, carbon nanotubes, activated carbon nano 
tubes, single-Wall carbon nanotubes (SWNT), multi-Wall 
carbon nanotubes (MWNT), Zeolites, activated alumina, 
magnesia, activated magnesia, diatomaceous earth, silver 
particles, activated silica, hydrotalcites, glass, metal-organic 
frameWork materials (MOE), glass particles or ?bers, syn 
thetic polymer nano?bers, natural polymer nano?bers, poly 
ethylene ?bers, polypropylene ?bers, ethylene maleic anhy 
dride copolymer ?bers, sand, clay and mixtures thereof. 

[0121] The other materials can be coated either partially or 
in their entirety With silver, a silver containing material, any 
of the cationic coating materials de?ned above, or combi 
nations thereof. Examples of ?lter materials and combina 
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tions of ?lter materials that microporous and mesoporous 
and basic activated carbon may be combined With are 
disclosed in US. Pat. Nos. 6,274,041, 5,679,248, Which are 
herein incorporated by reference, and US. patent applica 
tion Ser. No. 09/628,632, Which is herein incorporated by 
reference. As previously discussed, the ?lter material can be 
provided in either a loose or interconnected form (e.g., 
partially or Wholly bonded by a polymeric binder or other 
means to form an integral structure). 

[0122] The ?lter material may be used for different appli 
cations (e.g., use as a pre-?lter or post-?lter) by varying the 
siZe, shape, complex formations, charge, porosity, surface 
structure, functional groups, etc. of the ?lter particles as 
discussed above. The ?lter material may also be mixed With 
other materials, as just described, to suit it for a particular 
use. Regardless of Whether the ?lter material is mixed With 
other materials, it may be used as a loose bed, a block 
(including a co-extruded block as described in US. Pat. No. 
5,679,248, Which is herein incorporated by reference), and 
mixtures thereof. Preferred methods that might be used With 
the ?lter material include forming a block ?lter made by 
ceramic-carbon mix (Wherein the binding comes from the 
?ring of the ceramic), using poWder betWeen non-Wovens as 
described in US. Pat. No. 6,077,588, Which is herein 
incorporated by reference, using the green strength method 
as described in US. Pat. No. 5,928,588, Which is herein 
incorporated by reference, activating the resin binder that 
forms the block, Which is herein incorporated by reference, 
or by using a resistive heating method as described in PCT 
Application Serial No. WO 98/43796. 

[0123] VI. Filter Examples 

EXAMPLE 1 

Filter Containing Microporous and Mesoporous 
Activated Carbon Particles 

[0124] About 5.5 g of microporous coconut carbon sup 
plied from Barnebey Sutcliffe is mixed With 13.0 g of 
Nuchar® RGC mesoporous and basic activated carbon 
poWder (With DV)O_5 equal to about 45 pm) from MeadWest 
vaco Corp. of Covington, Va., Which is then mixed With 
about 7 g of Microthene® loW-density polyethylene (LDPE) 
FN510-00 binder of Equistar Chemicals, Inc. of Cincinnati, 
Ohio, and about 2 g of Alusil® 70 aluminosilicate poWder 
from Selecto, Inc., of Norcross, Ga. Before mixing, the 
mesoporous activated carbon particles are coated With poly 
diallyl dimethyl ammonium chloride (polyDADMAC), and 
the coating is dried. The mixed poWders are then poured into 
a circular aluminum mold With about 3 in. (about 7.62 cm) 
internal diameter and about 0.5 in. (about 1.27 cm) depth. 
The mold is closed and placed in a heated press With platens 
kept at about 204° C. for 1 h. Then, the mold is alloWed to 
cool to room temperature, opened, and the axial ?oW ?lter 
is removed. The characteristics of the ?lter are: face area: 
about 45.6 cm2; ?lter depth: about 1.27 cm; ?lter total 
volume: about 58 mL; ?lter porosity (for pores greater than 
about 0.1 am): about 0.43; and ?lter material pore volume 
(for pores greater than about 0.1 am): about 25 mL (as 
measured by mercury porosimetry). The ?lter is placed in 
the Te?on® housing described in the test procedures beloW. 
When the How rate is about 200 mL/min, the pressure drop 
of this ?lter is about 17 psi (about 1.2bar, 0.12 MPa) for 
about the ?rst 2,000 ?lter pore volumes. 
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EXAMPLE 2 

Filter Containing Microporous and Mesoporous 
Activated Carbon Particles 

[0125] About 13.0 g of microporous coconut carbon sup 
plied from Barnebey Sutcliffe is mixed With 13.0 g of 
mesoporous basic activated carbon poWder (With DV)O_5 
equal to about 92 pm) is mixed With 7 g of Microthene® 
loW-density polyethylene (LDPE) FN510-00 binder of Equi 
star Chemicals, Inc. of Cincinnati, Ohio, and about 2 g of 
Alusil® 70 aluminosilicate poWder from Selecto, Inc., of 
Norcross, Ga. Before mixing, the mesoporous activated 
carbon particles are coated With poly diallyl dimethyl 
ammonium chloride (polyDADMAC), and the coating 
dried. The mixed poWders are then poured into a circular 
aluminum mold With about 3 in. (about 7.62 cm) internal 
diameter and about 0.5 in. (about 1.27 cm) depth. The mold 
is closed and placed in a heated press With platens kept at 
about 204° C. for 1 h. Then, the mold is alloWed to cool to 
room temperature, is opened, and the axial ?oW ?lter is 
removed. The characteristics of the ?lter are: face area: 
about 45.6 cm2; ?lter depth: about 1.27 cm; ?lter total 
volume: about 58 mL; ?lter porosity (for pores greater than 
about 0.1 am): about 0.44; and ?lter material pore volume 
(for pores greater than about 0.1 am): about 25.5 mL (as 
measured by mercury porosimetry). The ?lter is placed in 
the Te?on® housing described in the test procedures beloW. 
When the How rate is about 200 mL/min, the pressure drop 
of this ?lter is about 17 psi (about 1.2 bar, about 0.12 MPa) 
for about the ?rst 2,000 ?lter pore volumes. 

EXAMPLE 3 

TTHM, Viruses and Bacteria Removal for Filters 
Containing Microporous and Mesoporous Activated 

Carbon Particles 

[0126] Filters made according to Examples 1 and 2 above, 
and ?lters made by similar methods but using different 
blends of microporous and mesoporous activated carbon 
particles are tested for their removal of TTHM, MS-2 
bacteriophages and Raoaltella terrigena (R. t.) bacteria. The 
?lters Were Wrapped With a single ply of uncharged nylon, 
having openings of 0.65 pm (BLA 065 supplied by Cuno, 
Inc., Meriden, Conn.). A ?lter containing only mesoporous 
activated carbon and a ?lter containing only microporous 
activated carbon particles are also tested. The results of such 
a test are given in Table 3 beloW. Those skilled in the art of 
Water ?lter production Will appreciated that the conditions of 
such a test Will depend on the ?lter volume, type of How (e.g. 
axial, radial or other), and the type of carbon used. One such 
protocol is supplied by the US. Environmental Protection 
Agency (EPA) in 1987, in the “Guide Standard and Protocol 
for Testing Microbiological Water Puri?ers”. The protocol 
establishes minimum requirements regarding the perfor 
mance of drinking Water treatment systems that are designed 
to reduce speci?c health related contaminants in public or 
private Water supplies. The MS-2 bacteriophage (or simply, 
MS-2 phage) is typically used as the representative micro 
organism for virus removal because its siZe and shape (i.e., 
about 26 nm and icosahedral) are similar to many viruses. 
Thus, a ?lter’s ability to remove MS-2 bacteriophage dem 
onstrates its ability to remove other viruses. LikeWise, a 
?lter’s ability to remove TTHM is representative of its 
ability to remove general chemicals from liquids. 
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[0127] In Table 3 the rnesoporous activated carbon par 
ticles are different varieties of RGC carbon available from 
the MeadWestvaco Co. The nPSD carbon is Nuchar® RGC 
activated carbon that has been processed to remove certain 
large and small particles to produce a plurality of particles 
having a narroW particle siZe distribution (nPSD). The 
rnicroporous carbon is coconut based carbon that is corn 
rnercially available from Barnebey Sutcliffe. The ?lter is 
injected With chloroform (i.e., TTHM surrogate as suggested 
in ANSI Standard 53-2002), R. t. bacteria, and MS-2 bac 
teriophages, and removal ef?ciencies are measured at vari 
ous points in time, some of Which are shoWn beloW. 

[0128] The TTHM ef?ciency is measured by the break 
through, or how many gallons of contaminated Water pass 
through the ?lter before TTHM are detected in the effluent. 
As can be seen in Table 3, for ?lters containing 0-20% 
rnicroporous activated carbon particles, an average of 70 
gallons of Water passes through the ?lters before TTHM are 
detected. But at 30% rnicroporous carbon particles the 
amount of Water that passes through the ?lter before TTHM 
are detected more than doubles to 160 gallons in one test and 
100 gallons or more for other ?lters. These results, espe 
cially the sharp increase in TTHM rernoval at about 25% 
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rnicroporous activated carbon content, are surprising and 
unexpected to those skilled in the art. 

[0129] The R. t. and MS-2 removal rate is measured in log 
removal as de?ned above. As can be seen, the log removal 
for R. t. is approximately 7 log, for all of the ?lters from day 
1 to day 16, except for the ?lter containing 100% 
rnicroporous activated carbon particles. For this ?lter, the R. 
t. rernoval dropped from about 6 log at day 1 to about 3.7 at 
day 5, to about 2.3 at day 9, and to about 1.5 log at day 16. 
Likewise, the log removal for MS-2 is approximately 4-5 
log, for all of the ?lters from day 1 to day 16, except for the 
?lter containing 100% rnicroporous activated carbon par 
ticles. For this ?lter the MS-2 rernoval started at about 1 log 
and remained at that level throughout the test. While the 
relatively poor removal of MS-2 and R. t. for the 100% 
rnicroporous activated carbon ?lter is not surprising to those 
skilled in the art, What is surprising and unexpected is that 
?lters With over 50% rnicroporous carbon particles retain 
excellent removal for these viruses and bacteria. That is, it 
is indeed surprising and unexpected that a mixture of 
rnicrorporous and rnesoporous activated carbon particles 
When blended in a speci?c ratio can retain the qualities of 
each particle type. 

TABLE 3 

Micro Porous 
Carbon Content TTHM Drop at 2 Rate 
% total carbon gal 

Pressure BOL FloW DAY DAY DAY DAY 
1 5 9 16 

Lprn psi Lprn log log log log 

100% nPSD RGC 
coated With 
pDADMAC 
100% RGC — 55 

coated With 
pDADMAC 
80% nPSD RGC 
coated With 
pDADMAC 
70% nPSD RGC 
coated With 
pDADMAC 
35% 80 x 325 RGC + 

35% RGC — 55, 

both coated With 
pDADMAC 
50% nPSD RGC 
coated With 
pDADMAC 
50% nPSD RGC 
coated With 
pDADMAC 
0% nPSD RGC 
coated With 
Pdadrnac" 

100% nPSD RGC 
coated With 
pDADMAC 
100% RGC — 55 

coated With 
pDADMAC 
80% nPSD RGC 
coated With 
pDADMAC 
70% nPSD RGC 
coated With 
pDADMAC 

R. t. 

0 80 24 ~2 7 6 6 6 8 6 6 

0 60 56 ~2 7 6 7 6 8 7 

20 70 ~28 ~2 7.3 6.6 7.3 7 

30 160 34 2 7.2 7.1 6.9 7.3 

30 100 37 ~2 7.3 6.6 7.3 7 

50 110 30 2.2 7.1 6.9 6.2 7 

50 110 32 2.2 7.1 7.2 6.8 7 

100 150 26 2.1 6.6 3.7 2.3 1.5 

M52 

0 80 24 ~2 5 5 4 8 4 6 

0 60 56 ~2 4.7 4.8 4.1 5.1 

20 70 ~28 ~2 5.1 4.9 5 4.7 

30 160 34 2. 4 4.6 4.6 4.7 
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TABLE 3-continued 
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Micro Porous Pressure BOL FloW DAY DAY DAY DAY 
Carbon Content TI'HM Drop at 2 Rate 1 5 9 16 
% total carbon gal Lpm psi Lpm log log log log 

35% 80 x 325 RGC + 30 100 37 ~2 5.1 4.9 5 4.7 
35% RGC — 55, 

both coated With 
pDADMAC 
50% nPSD RGC 50 110 30 2.2 4.9 4.5 <4 4.6 
coated With 
pDADMAC 
50% nPSD RGC 50 110 32 2.2 4.6 4.6 4.1 5.7 
coated With 
pDADMAC 
0% nPSD RGC 100 150 26 2.1 1 1.1 1.2 1.2 
coated With 
pDADMAC* 

*No nylon Wrap Was used on the ?lter in this test. 

[0130] v11 Kits 

[0131] The present invention may additionally include 
information that Will communicate to the consumer, by 
Words and/or by pictures, that use of carbon ?lter particles 
and/or ?lter material of the present invention Will provide 
bene?ts Which include removal of microorganisms, and this 
information may include the claim of superiority over other 
?lter products. In a highly desirable variation, the informa 
tion may include that use of the invention provides for 
reduced levels of nano-siZed microorganisms. Accordingly, 
the use of packages in association With information that Will 
communicate to the consumer, by Words and or by pictures, 
that use of the invention Will provide bene?ts such as 
potable, or more potable Water as discussed herein, is 
important. The information can include, e.g., advertising in 
all of the usual media, as Well as statements and icons on the 
package, or the ?lter itself, to inform the consumer. More 
speci?cally, either the package or a housing for the ?lter can 
contain information that the ?lter or ?lter material provides: 
bacterial reduction; virus reduction; microbial reduction; 
bacterial removal; virus removal; microbial removal; killing 
of bacteria, killing of viruses, killing of microbials, TTHM 
removal, TTHM reduction, or any combination of these. 

[0132] The embodiments described herein Were chosen 
and described to provide the best illustration of the prin 
ciples of the invention and its practical application to 
thereby enable one of ordinary skill in the art to utilize the 
invention in various embodiments and With various modi 
?cations as are suited to the particular use contemplated. All 
such modi?cations and variations are Within the scope of the 
invention as determined by the appended claims When 
interpreted in accordance With the breadth to Which they are 
fairly, legally and equitably entitled. 

What is claimed is: 
1. A ?lter for providing potable Water, comprising: 

(a) a housing having an inlet and an outlet; and 

(b) a ?lter material disposed Within said housing, said 
?lter material comprising from about 25% to about 
75%, by Weight, of a plurality of microporous activated 
carbon particles and from about 25% to about 75%, by 
Weight, of a plurality of mesoporous activated carbon 
?lter particles. 

2. The ?lter of claim 1, Wherein the plurality of 
microporous activated carbon particles are present in a 
concentration of from about 30% to about 55%, more 
preferably from about 30% to about 50%, by Weight. 

3. The ?lter of claim 1, Wherein the plurality of 
microporous activated carbon particles are coconut based 
activated carbon particles. 

4. The ?lter of claim 1, Wherein the plurality of the 
activated carbon ?lter particles are coated at least partially or 
entirely With a cationic polymer cationic polymer selected 
from the group consisting of: polyvinylamine, poly(N-me 
thylvinylamine), polyallylamine, polyallyldimethylamine, 
polydiallylmethylamine, polydiallyldimethylammonium 
chloride, polyvinylpyridinium chloride, poly(2-vinylpyri 
dine), poly(4-vinylpyridine), polyvinylimidaZole, poly(4 
aminomethylstyrene), poly(4-aminostyrene), polyviny 
l(acrylamide-co-dimethylaminopropylacrylamide), 
polyvinyl(acrylamide-co-dimethyaminoethylmethacrylate), 
polyethyleneimine, polylysine, DAB-Am and PAMAM den 
drimers, polyaminoamides, polyhexamethylenebiguandide, 
polydimethylamine-epichlorohydrine, aminopropyltriethox 
ysilane, N-(2-aminoethyl)-3-aminopropyltrimethoXysilane, 
N-trimethoxysilylpropyl-N,N,N-trimethylammonium chlo 
ride, bis(trimethoxysilylpropyl)amine, chitosan, grafted 
starch, the product of alkylation of polyethyleneimine by 
methylchloride, the product of alkylation of polyaminoam 
ides With epichlorohydrine, cationic polyacrylamide With 
cationic monomers, dimethyl aminoethyl acrylate methyl 
chloride (AETAC), dimethyl aminoethyl methacrylate 
methyl chloride (METAC), acrylamidopropyl trimethyl 
ammonium chloride (APTAC), methacryl amodopropyl tri 
methyl ammonium chloride (MAPTAC), diallyl dimethyl 
ammonium chloride (DADMAC), ionenes, silanes and miX 
tures thereof. 

5. The ?lter of claim 4, Wherein the cationic polymer is 
selected from the group consisting of: polyaminoamides, 
polyethyleneimine, polyvinylamine, polydiallyldimethy 
lammonium chloride, polydimethylamine-epichlorohydrin, 
polyheXamethylenebiguanide, poly-[2-(2-ethoXy)-ethoXy 
ethlyl-guanidinium]chloride. 

6. The ?lter of claim 1, Wherein at least a portion of the 
microporous activated carbon ?lter particles, the mesopo 
rous activated carbon ?lter particles, or both are coated With 
silver or a silver containing material. 
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7. The ?lter of claim 1, wherein the sum of the mesopore 
and the macropore volumes of said plurality of mesoporous 
activated carbon ?lter particles is betWeen about 0.2 mL/g 
and about 2 mL/g. 

8. The ?lter of claim 1, Wherein the ?lter material has a 
BRI of greater than about 99%, and a VRI of greater than 
about 90%. 

9. The ?lter of claim 1, Wherein the ?lter material has a 
F-B3LR of greater than about 2 logs, and a F-VLR of greater 
than about 1 log. 

10. The ?lter of claim 1, Wherein said plurality of meso 
porous activated carbon ?lter particles are basic and have a 
point of Zero charge betWeen about 9 and about 12, an ORP 
betWeen about 290 mV and about 175 mV. 

11. The ?lter of claim 1, further comprising other mate 
rials selected from the group consisting of activated carbon 
poWders, activated carbon granules, activated carbon ?bers, 
Zeolites, activated alumina, activated magnesia, diatoma 
ceous earth, activated silica, hydrotalcites, glass, polyethyl 
ene ?bers, polypropylene ?bers, ethylene maleic anhydride 
copolymer ?bers, sand, clay and mixtures thereof, 

12. The ?lter of claim 11, Wherein at least a portion of the 
other materials are coated With a material selected from the 
group consisting of silver, a silver containing material, a 
cationic polymer and mixtures thereof. 

13. A ?lter material comprising from about 25% to about 
75%, by Weight, of a plurality of microporous activated 
carbon particles and from about 25% to about 75%, by 
Weight, of a plurality of mesoporous activated carbon ?lter 
particles. 

14. The ?lter material of claim 13, further comprising 
other materials selected from the group consisting of acti 
vated carbon poWders, activated carbon granules, activated 
carbon ?bers, Zeolites, activated alumina, activated magne 
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sia, diatomaceous earth, activated silica, hydrotalcites, glass, 
polyethylene ?bers, polypropylene ?bers, ethylene maleic 
anhydride copolymer ?bers, sand, clay and mixtures thereof, 

15. The ?lter material of claim 13, Wherein at least a 
portion of the other materials, the microporous activated 
carbon particles, or the mesoporous activated carbon par 
ticles are coated With a material selected from the group 
consisting of silver, a silver containing material, a cationic 
polymer and mixtures thereof. 

16. A kit comprising: 

i) a ?lter according to claim 1; and 

ii) a package for containing the ?lter; and 

Wherein either the package or the ?lter housing comprises 
information that the ?lter or ?lter material provides: 
bacterial reduction; virus reduction; microbial reduc 
tion; bacterial removal; virus removal; microbial 
removal; killing of bacteria, killing of viruses, killing of 
microbials, TTHM removal, TTHM reduction, or any 
combination of these. 

17. A kit comprising: 

i) ?lter material according to claim 13; and 

ii) a package for containing the ?lter; and 

Wherein either the package or a housing for the ?lter 
comprises information that the ?lter or ?lter material 
provides: bacterial reduction; virus reduction; micro 
bial reduction; bacterial removal; virus removal; micro 
bial removal; killing of bacteria, killing of viruses, 
killing of microbials, TTHM removal, TTHM reduc 
tion, or any combination of these. 

* * * * * 


