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TREATED POROUS PARTICLES AND METHODS OF MAKING AND USING

THE SAME

Cross-Reference to Related Application

This application claims the benefit of U. S. Provisional Application Nos.

61/263,573, filed November 23, 2009, and 61/263,580, filed November 23, 2009, the

disclosures of which are incorporated by reference herein in their entirety.

Background

Certain porous particles have a wide variety of uses in the chemical arts. For

example, hydrophobic oxide materials are widely used for different gas- and liquid-phase

separation processes. A particularly widely used example is silica gel, which is known to

be useful for many applications including chromatography, adsorption and purification of

biologically active compounds and medicinal preparations, and stabilization of multi-

component systems. However, the surface properties of native silica are not always

appropriate for the desired application. Surface modification can be achieved, for

example, by transformation of hydrophilic silanol groups into hydrophobic groups, which

generally lowers the affinity of modified silica with respect to water. In general, known

hydrophobic treatments of silica gel are designed to make both the external surface and

the internal pore surface hydrophobic.

In other technologies, various techniques are used to lower the relative humidity in

certain environments. In the personal care industry, discomfort and rashes caused by

excessive humidity during the wearing of disposable absorbent garments is a known

problem. Disposable absorbent garments (e.g., incontinence undergarments, diapers, and

feminine hygiene products) typically include a liquid permeable bodyside liner, a liquid

impermeable outer cover, and an absorbent component disposed between the bodyside

liner and outer cover. To avoid leakage, the absorbent garment must rapidly take in liquid

to avoid excessive pooling of liquid on the body-facing surface of the bodyside liner. Any

liquid taken in and retained by the garment contributes to an increase in relative humidity

near the user's skin. Perspiration from the user is also a contributor to increased relative

humidity. High relative humidity in the environment that contacts the user's skin may

cause discomfort or rashes of the skin (e.g., diaper rash).



It is known to make the outer cover (i.e., backsheet) of the absorbent garment from

a breathable material that is permeable to water vapor so that fresh air from outside the

garment may replace the high humidity air in the environment near the user's skin and

allow evaporation of liquid to the outside environment. However, a highly porous

membrane as a backsheet, which provides evaporative cooling, may be insufficient to

prevent leakage in the article. It is also known to incorporate humidity reducing agents

(e.g., desiccants and/or humectants) into components of the disposable absorbent garments

to reduce the relative humidity of the environment adjacent the skin of a user.

Despite the advances in disposable absorbent garments, there continues to be a

need for consistently and reliably reducing the relative humidity near the user's skin.

Summary

The present disclosure relates to treated porous particles having hydrophobic

groups on the external surface and a hydrophilic interior and methods of making them.

The treated porous particles may be useful, for example, as desiccants for controlling

humidity within the environment of an absorbent article. Absorbent articles (e.g., sanitary

pads and diapers) typically contain superabsorbent polymers (SAP) and/or wood pulp in

the core region to absorb and retain fluid. Treated particles disclosed herein in the

presence of SAP or wood pulp are shown to decrease the humidity in an environment

similar to that adjacent the skin of the user of an absorbent article.

In one aspect, the present disclosure provides a treated porous particle comprising

an external surface and interior pore surfaces, wherein at least a substantial portion of the

external surface of the treated porous particle comprises a hydrophobic group, and

wherein the interior pore surfaces are substantially untreated. In some embodiments, the

hydrophobic groups comprise at least one of alkyl or aryl groups, wherein alkyl and aryl

are each optionally substituted with fluorine. In some embodiments, the treated porous

particle is a treated desiccant particle. In some embodiments, the treated porous particle is

a treated silica gel particle, a treated montmorillonite clay particle, a treated zeolite

particle, a treated molecular sieve, or a treated activated carbon particle. In some

embodiments, the treated porous particle is a treated silica gel particle or a treated

activated carbon particle. In some embodiments, the hydrophobic groups comprise

siloxanes having alkyl groups, aryl groups, or combinations thereof. In some



embodiments, the treated porous particle is a silica gel particle with an external surface

having up to 5 atomic percent silicon atoms up to a depth of 50 angstroms, as determined

by x-ray photoelectron spectroscopy.

The present disclosure also provides a treated porous particle comprising an

external surface and interior pore surfaces, wherein at least a portion of the external

surface of the treated porous particle comprises hydrophobic groups, the hydrophobic

groups comprising at least one of alkyl or aryl groups, wherein the alkyl and aryl groups

are substituted with fluorine, and wherein the interior pore surfaces are at least partially

hydrophilic. In some embodiments, the treated porous particle is a treated desiccant

particle. In some embodiments, the treated porous particle is a treated silica gel particle, a

treated montmorillonite clay particle, a treated molecular sieve, or a treated activated

carbon particle. In some embodiments, the hydrophobic groups comprise siloxanes

having alkyl groups, aryl groups, or combinations thereof. In some embodiments, the

treated porous particle is a silica gel particle with an external surface having up to 5

atomic percent silicon atoms up to a depth of 50 angstroms, as determined by x-ray

photoelectron spectroscopy.

The present disclosure also provides a plurality of particles that comprises the

treated porous particle. In some embodiments, the plurality of particles further comprises

untreated desiccant particles (e.g., silica gel, montmorillonite clay, molecular sieves,

zeolites, or activated carbon). In some embodiments, the plurality of particles is

substantially free of particles wherein the external surface and the interior pore surfaces

are both treated with hydrophobic groups. In some embodiments, the plurality of particles

further comprises absorbent particles or fibers comprising at least one of superabsorbent

polymers, hydrophilic nonwovens, or wood pulp.

In some embodiments of the treated particle or the plurality of particles according

to the present disclosure, when the treated porous particles are sprinkled on a surface of

water to form a single layer, at least 75 percent of the particles float on the surface of the

water, and the treated porous particles absorb at least 20 percent of their weight of water

vapor after 24 hours at 30 °C and 50 percent relative humidity. In some of these

embodiments, one gram of the treated porous particles is sprinkled on 10 milliliters (mL)

of water in a 20-mL vial. In some embodiments, the particles have a water vapor uptake

at 30 °C and 80% relative humidity that is at least 60% of the water vapor uptake of a



comparative plurality of particles that do not comprise the hydrophobic groups. In some

embodiments, when at least a portion of the plurality of particles is exposed to aqueous

liquid, the plurality of particles decreases relative humidity to a greater extent than a

comparative plurality of particles that do not comprise the hydrophobic groups.

In another aspect, the present disclosure provides an absorbent component

comprising an absorbent material in combination with a plurality of treated porous

particles disclosed herein. In some embodiments, the absorbent material is at least one of

wood pulp, a superabsorbent polymer, or an acrylic foam.

In another aspect, the present disclosure provides an absorbent article comprising

an absorbent component as described in any of the above aspects or embodiments or an

absorbent article comprising a plurality of particles as described in any of the above

aspects or embodiments. In some embodiments, the absorbent article is an underarm pad,

a breast pad, a dress shield, a foot pad, a wound dressing, a bed pad or liner, a diaper, or a

sanitary napkin. In some embodiments, the absorbent article comprises a liquid permeable

topsheet, a liquid impermeable backsheet, and the absorbent component and/or the

plurality of particles described above disposed between the topsheet and the backsheet.

In another aspect, the present disclosure provides the use of treated porous particle

disclosed herein (or a plurality of particles disclosed herein) as a desiccant. In some

embodiments, the desiccant is exposed to aqueous liquids. In some embodiments, the

desiccant is used in an absorbent article.

In another aspect, the present disclosure provides a method of desiccating, the

method comprising placing a treated porous particle disclosed herein (or a plurality of

particles disclosed herein) in a humid environment, wherein the treated porous particle

absorbs water from the humid environment. In some embodiments, the water is water

vapor. In some embodiments, the treated porous particle is in contact with aqueous

liquids. In some embodiments, the humid environment is in an absorbent article (e.g., on

the body of a wearer).

In another aspect, the present disclosure provides the use of treated porous particle

disclosed herein (or a plurality of particles disclosed herein) as an odor-controlling agent.

In some embodiments, the odor-controlling agent is exposed to aqueous liquids. In some

embodiments, the odor-controlling agent is used in an absorbent article. In some

embodiments, the treated porous particle is a treated activated carbon particle.



In another aspect, the present disclosure provides a method of controlling odor, the

method comprising placing a treated porous particle disclosed herein (or a plurality of

particles disclosed herein) in an environment with an amount of an odiferous agent,

wherein the treated porous particle reduces the amount of the odiferous agent in the

environment. In some embodiments, the treated porous particle is in contact with aqueous

liquids. In some embodiments, the environment is in an absorbent article (e.g., on the

body of a wearer). In some embodiments, the treated porous particle is a treated activated

carbon particle.

In another aspect, the present disclosure provides a method of making a treated

porous particle according to any one of the foregoing embodiments, the method

comprising treating an external surface of a porous particle with a hydrophobic agent

while allowing interior pore surfaces of the porous particle to remain substantially

untreated. In some embodiments, only the external surface of the porous particle is treated

with the hydrophobic agent.

The treated porous particles according to and/or useful for practicing the present

disclosure have external surfaces that are at least partially hydrophobic. Typically the

treated porous particles absorb liquid water (and other aqueous liquids) at a much lower

rate or to a much lower extent than comparable untreated porous particles. Thus, the

hydrophobic groups on the external surface help repel aqueous liquids. The internal pore

surfaces, being substantially hydrophilic, absorb water vapor.

While it is known to incorporate desiccants (e.g., silica gel) into components of

absorbent articles to reduce the relative humidity of the environment adjacent the skin of a

wearer, when these desiccants are exposed to aqueous liquids, their efficacy is diminished

or inconsistent, and they tend to cause a slippery or slimy feeling for the wearer of the

absorbent article. It is known to encapsulate desiccants in a pouch made of material that

can allow the penetration of moisture vapor and exclude aqueous liquids (e.g.,

microporous films made with thermally induced phase separation or particle filled

membranes). Placing such pouches in the absorbent article may require special process

techniques and may therefore be undesirable. The treated porous particles disclosed

herein typically repel aqueous liquids and are shown in the present disclosure to reduce

the relative humidity near the wearer's skin more consistently and reliably than untreated



desiccant particles. They can be added to absorbent articles without the use of pouches or

other cumbersome physical isolation techniques.

Similarly, odor-control agents (e.g., activated carbon and silica gel) can have a

diminished or inconsistent efficacy when they are exposed to aqueous liquids. The treated

porous particles disclosed herein typically repel aqueous liquids and are shown in the

present disclosure to reduce odor when wet more reliably than untreated desiccant

particles. They can also be added to absorbent articles without the use of pouches or other

cumbersome physical isolation techniques.

Definitions

In this application:

Terms such as "a", "an" and "the" are not intended to refer to only a singular entity,

but include the general class of which a specific example may be used for illustration. The

terms "a", "an", and "the" are used interchangeably with the term "at least one".

The phrase "at least one of followed by a list of two or more items refers to any

one of the items in the list and any combination of two or more items in the list.

"Hydrophilic" describes surfaces that are wettable by aqueous liquids (i.e., liquids

comprising water) in contact with the surfaces. Wettability can be measured by contact

angle of the liquid on the surface. Typically, a surface is hydrophilic when the contact

angle of water on the surface is less than 90 °.

"Hydrophobic group" describes functional groups that render surfaces nonwettable

by aqueous liquids (i.e., liquids comprising water) in contact with the surfaces. Typically,

a surface is hydrophobic when the contact angle of water on the surface is greater than 90

o

"At least a portion of the external surface" and "at least a substantial portion of the

external surface" can include uniform or non-uniform distribution of hydrophobic groups

on the external surface of the particle. In some embodiments, hydrophobic groups are

uniformly distributed on the external surface of the particle. In some embodiments, the

entire external surface of the particle is covered by hydrophobic groups.

"Desiccant" refers to a material that can absorb moisture from a surrounding

atmosphere. Desiccants as used herein can absorb water or water vapor by physical

absorption into the porous structure.



The term "absorbent component", refers to a component generally used as the

primary absorbent component of an absorbent article, such as the absorbent core of the

absorbent article. It also includes absorbent components, such as the secondary topsheets

described herein that serve a wicking or storage function. The term absorbent component,

however, excludes components that are generally only used as the topsheet or backsheet of

the absorbent article.

"Disposable" is generally understood to mean something that has a limited period

of use before its ability to perform its intended function is exhausted. With regard to

garments, "disposable" garments typically are not constructed to withstand laundering.

Aqueous means including water. The term "aqueous fluids" encompasses

biological fluids.

"Alkyl group" and the prefix "alk-" are inclusive of both straight chain and

branched chain groups and of cyclic groups. Unless otherwise specified, alkyl groups

herein have up to 20 carbon atoms. Cyclic groups can be monocyclic or polycyclic and, in

some embodiments, have from 3 to 10 ring carbon atoms. "Alkylene" is the divalent form

of "alkyl".

The term "fluoroalkyl" includes linear, branched, and/or cyclic alkyl groups in

which all C-H bonds are replaced by C-F bonds as well as groups in which hydrogen or

chlorine atoms are present instead of fluorine atoms provided that up to one atom of either

hydrogen or chlorine is present for every two carbon atoms. In some embodiments of

fluoroalkyl groups, when at least one hydrogen or chlorine is present, the fluoroalkyl

group includes at least one trifluoromethyl group. The term "perfluoroalkyl group"

includes linear, branched, and/or cyclic alkyl groups in which all C-H bonds are replaced

by C-F bonds.

"Arylalkylene" refers to an "alkylene" moiety to which an aryl group is attached.

The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems,

for example, having 1, 2, or 3 rings and optionally containing at least one heteroatom (e.g.,

O, S, or N) in the ring. Examples of aryl groups include phenyl, naphthyl, biphenyl,

fluorenyl as well as furyl, thienyl, pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl,

triazolyl, pyrrolyl, tetrazolyl, imidazolyl, pyrazolyl, oxazolyl, and thiazolyl.

"Arylene" is the divalent form of the "aryl" groups defined above.

"Alkylarylene" refers to an "arylene" moiety to which an alkyl group is attached.



"Plasma treatment" refers to a process where high frequency electric or magnetic

fields are used to create free radicals of a particular gas in an atmosphere where a porous

particle is present. The free radicals modify the surface of the porous particles. The term

"plasma treatment" can encompass "plasma deposition", in which a film formed from the

plasma is deposited on at least a portion of the surface and is generally attached to the

surface through covalent bonds.

All numerical ranges are inclusive of their endpoints and non-integral values

between the endpoints unless otherwise stated.

Brief Description of the Drawings

The disclosure may be more completely understood in consideration of the

following detailed description of various embodiments of the disclosure in connection

with the accompanying drawings, in which:

Fig. 1 is a schematic representation of a method of making treated porous particles

and the resulting treated porous particles according to some embodiments of the present

disclosure;

Fig. 2A is a schematic top view of an apparatus used to measure relative humidity

in an absorbent article as described in the Examples;

Fig. 2B is a schematic side view of an apparatus used to measure relative humidity

in an absorbent article as described in the Examples;

Fig. 3A is a schematic side view of an apparatus used to treat porous particles in

the vapor phase in an illustrative method of making treated porous particles according to

some embodiments of the present disclosure;

Fig. 3B is a schematic perspective view of the particle agitator portion of the

apparatus in Fig. 3A;

Fig. 3C is a schematic side view of another exemplary apparatus used to treat

porous particles with a first and second vapor phase in another illustrative method of

making treated porous particles according to some embodiments of the present disclosure;

Figs. 4A-4D are schematic representations of a making of making treated porous

particles and the resulting treated porous particles according to some embodiments of the

present disclosure; and



Fig. 5 is a schematic exploded view of an exemplary absorbent article according to

the present disclosure.

Detailed Description

Particles

A schematic illustration of treating a porous particle 1 and a treated porous particle

5 according to some embodiments of the present disclosure is shown in Fig. 1. In the

illustrated embodiment, porous particle 1 has a hydrophilic external surface and

hydrophilic interior pore surfaces. The hydrophilic external surface and interior pore

surfaces are hydrophilic in this embodiment because of the multiple hydroxyl (-OH)

groups, which in the illustration are shown on the external surface and inside of the circle

representing porous particle 1. When porous particle 1 is treated with a hydrophobic agent

using a method according to the present disclosure, treated porous particle 5 is formed. In

the illustrated embodiment, treated porous particle 5 has a hydrophobic external surface,

which is represented by multiple hydrophobic groups (R) on the external surface. Treated

porous particle 5, however, remains hydrophilic on its interior pore surfaces, which again

is represented by the hydroxyl group shown on the inside of the circle representing treated

porous particle 5 .

In any of the embodiments of treated porous particles 5 according to the present

disclosure, at least a portion of the external surface of the treated porous particle

comprises hydrophobic groups R. Exemplary R groups include alkyl groups and

fluoroalkyl groups having up to 20, 18, 15, 12, 10, or 8 carbon atoms (e.g., in a range from

1 to 20, 1 to 15, 1 to 10, 1 to 5, or 1 to 3 carbon atoms). Further examples of R groups

include aryl, arylalklyenyl, or alkylarylenyl groups, each of which may be substituted with

one or more fluoro groups. In some embodiments, the R groups include at least one of

methyl, trifluoromethyl, difluoromethyl, or fluoromethyl groups. In some embodiments,

hydrophobic group R comprises siloxanes having alkyl groups, aryl groups, arylalkylenyl

(e.g., benzyl) groups, alkylarylenyl groups, or combinations thereof. In some of these

embodiments, the treated porous particle 5 is a treated silica gel particle. The alkyl groups

on the siloxanes have up to 20, 18, 15, 12, 10, or 8 carbon atoms (e.g., in a range from 1 to

20, 1 to 15, 1 to 10, 1 to 5, or 1 to 3 carbon atoms) and may optionally be substituted with

one or more fluoro groups.



Typically, a major portion (e.g., greater than 50 or at least 51, 55, 60, 65, 70, 75,

80, 85, 90, or 95 percent) of the external surface area is covered by hydrophobic groups.

In some embodiments, a substantial portion (e.g., at least 90, 95, 96, 97, 98, or 99 percent

up to 100 percent) of the external surface comprises hydrophobic groups. Techniques for

analyzing the external surface coverage of a particle are known in the art (e.g., infrared,

raman, and nuclear magnetic resonance spectroscopy); see, e.g., L. A. Belyakova et al,

Colloids and Surfaces A: Physicochemical and Engineering Aspects, 154 (1999), pp. 285-

294. The external surface of a particle can also be analyzed by electron spectroscopy

chemical analysis (ESCA). ESCA can be used to report the atomic percent of various

elements on a surface. The results depend, for example, on the particular hydrophobic

groups on the surface and the method of applying them to the surface. In some

embodiments, a substantial portion of the external surface comprising hydrophobic groups

refers to elements making up the porous particle being absent on the surface as determined

by ESCA. In some embodiments (e.g., embodiments where the treated porous particle 5 is

a treated silica gel particle) the external surface is free of silicon atoms up to a depth of 50

angstroms, as determined by x-ray photoelectron spectroscopy. The external surface of a

particle can also be analyzed by time-of-flight secondary ion mass spectrometry (TOF-

SIMS). TOF-SIMS can be used to detect chemical compositions on a surface, usually

with a depth range from 5 to 20 angstroms. The results depend, for example, on the

particular hydrophobic groups on the surface and the method of applying them to the

surface. Relative quantification is possible with SIMS, typically by taking a ratio of

counts for a mass of interest over counts for a reference ion or counts for a mass of interest

over total spectrum integrated counts.

Typically, a treated porous particle 5 disclosed herein has a substantial portion of

its external surface comprising hydrophobic groups when the treated porous particle floats

on the surface of water. When the surface tension force of a liquid is high enough to

balance the gravitational force on a particle at the gas/liquid interface, the particle is said

to float on the surface. When treated porous particles 5 according to the present disclosure

are sprinkled on the surface of water, the wettability of the treated porous particles 5 may

correlate with the time it takes for the particles to sink. In some embodiments, the treated

porous particle 5 remains on the surface of the water indefinitely. In some embodiments,

the treated porous particle 5 remains on the surface of the water for at least 8 hours, 6



hours, 4 hours, 2 hours, or 30 minutes. The floating particle method is a technique known

in the art for evaluating the surface wettability of particles; (see, e.g., M. Lazghab et al.,

Powder Technology, 157 (2005), p . 83). The hydrophobicity of the external surfaces of a

plurality of treated porous particles 5 according to the present disclosure can be evaluated

by sprinkling the treated porous particles 5 on a surface of water to form a single layer.

Typically, at least 75 percent (in some embodiments, 80, 85, 90, or at least 95 percent) of

the particles float on the surface of the water. In some embodiments, the evaluation can be

carried out by placing one gram of treated porous particles on the surface of 10 milliliters

(mL) of water in a 20-mL vial and observing whether the particles float on the surface.

When a vial containing the treated particles and water is shaken, the particles typically

agglomerate. With time, they typically break apart and re-floated in water. There is

typically no such clump formation observed when untreated hydrophilic particles are

shaken in water. Instead untreated hydrophilic particles typically sink in water.

Not all hydrophobic treatments provide particles that float on the surface of water.

For example, some hydrophobic treatments (e.g., when surface hydroxyl groups are

replaced with fluorine by plasma treatment) may hydrolyze upon contact with liquid

water. It has now been observed that particles treated with NF3 plasma do not float on the

surface of water but instead sink into the water. The present disclosure provides

hydrophobic treatments that are robust and do not hydrolyze when they are placed on the

surface of water.

The hydrophobic nature of the treated porous particles 5 according to the present

disclosure can also be evaluated, for example, using contact angle measurements on

individual particles or bulk particles using techniques known in the art. In some

embodiments, the contact angle of a water droplet on the treated porous particles 5 is at

least 120, 110, 100, or 95 degrees (e.g., in a range from 90 to 100 degrees, 95 to 110

degrees, 100 to 115 degrees, 110 to 130 degrees, or 115 to 125 degrees).

In any of the embodiments of treated porous particles 5 according to the present

disclosure, the interior pore surfaces of the treated porous particle 5 is at least partially

hydrophilic. In some embodiments, the interior pore surfaces of the treated porous

particles 5 are said to be hydrophilic when they have hydrophilic functional groups.

Hydrophilic functional groups typically include hydroxyl, silanol groups, or other metal

oxide groups depending on the nature of the particle. In some embodiments, when the



porous particles 1 have interior pore surfaces that include hydroxyl or silanol groups, the

treated porous particles 5 have at least 50, 60, 70, 75, 80, 85, or 90 percent of the hydroxyl

or silanol groups that were present in the porous particles 1 before treatment. Methods for

evaluating the interior pore surfaces of porous particles are known in the art. For example,

absorption techniques (e.g., using methanol, ethanol, water, benzene, or nitrogen) are

commonly used. Since a large percentage of surface area in porous particles is in the

interior pore surfaces, large changes in absorption typically result when the wettability of

the interior pore surfaces is altered. The interior pore surfaces can be said to be

"substantially untreated", for example, when the treated porous particles 5 have at least 90,

95, 96, 97, or 98 percent of the hydroxyl or silanol groups that were present in the porous

particles 1 before treatment, as measured using common absorption techniques. Porous

particles may also be cross-sectioned and their interior chemical compositions analyzed

using ESCA or TOF-SIMS as described above. In some embodiments, minimal to no

hydrophobic groups are observed on the interior of the treated porous particles using these

techniques. In these embodiments, the interior pore surfaces are said to be "substantially

untreated". In some embodiments, the interior pore surfaces of the treated porous particles

disclosed herein have minimal to no alkyl or aryl groups, optionally substituted with

fluorine, as evidenced by TOF-SIMS. In the case of TOF-SIMS, relative quantification of

hydrophobic to hydrophilic functional groups is possible, typically by taking a ratio of

counts for a mass of a hydrophobic group over counts for a hydrophilic group. Ratios of

counts from the external surface can be compared to ratios of counts from the interior

surface.

In some embodiments, the treated porous particles 5 disclosed herein absorb at

least 20 (in some embodiments at least 22, 25, 28, 30, or 32) percent of their weight of

water vapor after 24 hours at 30 °C and 50 percent relative humidity. Generally, this

absorption is carried out in a humidity chamber in the absence of liquid water, and an

analytical balance is used to measure the weight of the particles. The amount of water

vapor that can be absorbed by a porous particle 1 or a treated porous particle 5 disclosed

herein depends on the type of particle. For example, silica gel particles are typically

reported to absorb about 40 percent of their weight in water. In some embodiments,

treated porous particles have a water vapor uptake at 30 °C and 80% relative humidity that

is at least 50, 55, 60, 65, 70, 75, or 80 percent of the moisture vapor uptake of a



comparative plurality of particles comprising no hydrophobic groups. In some

embodiments, the interior surfaces of the treated porous particles are said to be

"substantially untreated" when they have a water vapor uptake at 30 °C and 80% relative

humidity that is at least 60, 65, 70, 75, or 80 percent of the moisture vapor uptake of a

comparative plurality of particles comprising no hydrophobic groups. A comparative

plurality of particles comprising no hydrophobic groups refers to a plurality of particles

that is the same as the plurality of treated particles except having no hydrophobic

treatment. For example, the comparative plurality of particles has the same size and pore

size distribution as the plurality of treated particles and has the same chemical make-up as

the treated porous particles before such particles are treated.

Treated porous particles 5 according to present disclosure include treated silica gel

particles, treated zeolite particles, treated montmorillonite clay particles, treated molecular

sieves and treated activated carbon. The treated porous particle may have an average

particle size in a range from 0.075 millimeter (mm) to 10 mm (e.g., from 0.1 mm to 10

mm, 0.5 mm to 5 mm, or 0.5 mm to 1 mm). The median pore size may vary as long as the

pores are large enough to allow access to water molecules when the treated porous

particles are used as a desiccant. In some embodiments, the interior pores have a median

pore size in a range from 1 nanometers (nm) to 10 nm (e.g., 2 nm to 3 nm, 2 nm to 7 nm, 4

nm to 7 nm, 8 nm to 10 nm, or 4 nm to 10 nm). In some embodiments, the treated porous

particles have a bimodal porous structure wherein the pores have two different median

sizes selected from any of the listed ranges. The porous particles 1 before treatment can

be obtained from a variety of commercial sources (e.g., AGM Container Controls, Inc.,

Tucson, AZ; International Silica Gel Co., LTD, Shandong, China; and SIGMA-

ALDRICH, St. Louis, MO). In some embodiments, the treated porous particles may

comprise a color-change indicator (e.g., cobalt chloride) to show color change upon

absorption of moisture.

Although the hydrophobic treatment of silica gel particles is known, in general,

this hydrophobic treatment is designed to make both the external surface and the internal

pore surfaces hydrophobic. Partially-treated particles that may be obtained from methods

to treat both the external surfaces and internal pore surfaces hydrophobic may not float in

water if the external surface was not covered with a sufficient amount of hydrophobic

groups or if the hydrophobic group hydrolyzes upon contact with water. Also, such



partially-treated particles may not absorb, for example, at least 20 percent of their weight

in water if the majority of the external and interior surfaces were made hydrophobic.

Typically, previously known solvent and vapor techniques for the hydrophobic treatment

of silica gel particles do not readily allow stopping the reaction at a point where the

interior pore surfaces are not treated. Also, radio-frequency carbon tetrafluoride plasma as

a sole treating agent treats interior pore surfaces and external surfaces of silica gel; see,

e.g., K. Furukawa et al, Journal of Materials Science Letters, 19 (2000), pp. 1545-1547.

In contrast, the treated porous particles according to and/or prepared according to

the present disclosure comprise hydrophilic interior pore surfaces, which allows the

treated particles to be useful, for example, as desiccants. Hydrophobic silica gel in which

both the external surface and the internal pore surfaces are hydrophobic would not be

useful as desiccants. In some embodiments, a plurality of treated porous particles

comprise less than 25 (in some embodiments, less than 20, 15, 10, 5, 4, 3, 2, or 1) percent

of particles wherein the external surface and the interior pore surfaces are both treated

with hydrophobic groups. This plurality of treated porous particles can be referred to as

substantially free of particles wherein the external surface and the interior pore surfaces

are both treated with hydrophobic groups.

Methods of Making the Particles

The method of making a treated porous particle 5 according to any of the

embodiments mentioned above comprises treating an external surface of a porous particle

1 with a hydrophobic agent while allowing interior pore surfaces of the porous particle to

remain substantially untreated. "Substantially untreated" has the same meaning described

above. In some embodiments, only the external surface of the porous particle 1 is treated

with the hydrophobic agent.

Methods of plasma treatment of porous materials are provided in U.S. Pat. Nos.

6,878,419 (David et al). Also, methods and apparatuses for plasma treatment of particles

are provided in U.S. Pat. Nos. 6,015,597 (David) and 6,197,120 (David), the disclosures of

which are incorporated by reference herein. In some embodiments, the method of making

a treated porous particle comprises forming a layer comprising silicon, hydrogen, and

carbon on at least portion of the external surface of the porous particle by plasma

deposition. Forming this layer may be carried out by ionizing a gas comprising an



organosilicon compound selected from the group consisting of an alkylsilane, an

alkoxysilane, an alkylenepolysilane, an alkylpolysilane, an alkenyl silane, an aryl silane,

and combinations thereof. Exemplary alkylsilanes include tetramethylsilane,

methylsilane, dimethylsilane, diethylsilane, diethylmethylsilane, propylsilane,

trimethylsilane, and ethylsilane. Exemplary alkoxysilanes and siloxanes include

tetraethylorthosilicate (TEOS), and tetramethylcyclotetrasiloxane (TMCTS). Exemplary

alkylenepolysilanes include disilanomethane, bis(methylsilano)methane, 1,2-

disilanoethane, 1,2-bis(methylsilano)ethane, 2,2-disilanopropane, dimethyldisilanoethane,

dimethyldisilanopropane, tetramethyldisilanoethane, and tetramethyldisilanopropane.

Exemplary alkenylsilanes include vinylmethylsilane and divinyldimethylsilane.

Exemplary aryl silanes include phenylsilane, phenyldimethylsilane, and

phenyltrimethylsilane. Exemplary alkylpolysilanes include 1,1,2,2-tetramethyldisilane,

hexamethyldisilane, 1,1,2,2,3 ,3-hexamethyltrisilane, and 1,1,2,3,3-pentamethyltrisilane.

The organosilicon compound may have substituents such as amino groups, hydroxyl

groups, and/or halo (e.g., fluoro, bromo, chloro) groups, although typically they are

unsubstituted. In some embodiments, the organosilicon compound has at least one C-H

bond, which may be an sp3, sp2 or sp C-H bond. Typically, the organosilicon has a

plurality of C-H bonds, for example, at least 2, at least 3, at least 5, at least 9, and/or even

at least 12 C-H bonds, or more. Typically useful organosilicon compounds have sufficient

vapor pressure under plasma treatment conditions that a plasma is formed.

In some embodiments of methods of making a treated porous particle, the method

further comprises treating at least a portion of the layer comprising silicon, hydrogen, and

carbon with a fluorinated compound (e.g., by plasma treatment or deposition). The

fluorinated compound is typically a hydrocarbon in which at least some of the hydrogen

atoms are replaced by fluorine atoms. The fluorinated compound may be straight-chained,

branched, or cyclic, and may be fully saturated or partially unsaturated. The fluorinated

compound typically contains up to 5 carbon atoms (e.g., up to 4, 3, or 2). For plasma

deposition, the fluorinated compound typically contains at least 2 or 3 carbon atoms. In

some embodiments, the fluorinated compound is perfluorinated (i.e., all C-H bonds are

replaced by C-F bonds). In some embodiments, the fluorinated compound is selected from

the group consisting of perfluoropropane, carbon tetrafluoride, trifluoromethane,



difluoromethane, pentafluoroethane, perfluoropropene, perfluorobutane, and

perfluorobutene and combinations thereof.

In some embodiments, plasma treatment is done in two steps. For example, when

the method of making a treated porous particle comprises forming a layer comprising

silicon, hydrogen, and carbon on at least portion of the external surface of the porous

particle by plasma deposition and treating at least a portion of the layer comprising silicon,

hydrogen, and carbon with a fluorinated compound by plasma deposition, a first plasma

treatment typically includes treating the porous particle 1 under vacuum with a gas (e.g.,

an organosilicon compound as described above) and igniting the plasma. Without

intending to be bound by theory, it is believed that when the gas is, for example,

tetramethylsilane (TMS), the external surface of the treated porous particle is covered with

a layer comprising methyl groups, which provide a hydrophobic external surface. A

second plasma treatment, when used, typically includes treating the treated porous particle

5 under vacuum with a second gas (e.g., a fluorinated compound as described above) and

igniting the plasma. Without intending to be bound by theory, it is believed that the

second step will replace some of the hydrogens (e.g., C-H bonds) on the surface of the

porous particle with fluorine to produce CF, CF2, or CF3 groups on the surface. If a

depositing fluorochemical plasma is used (e.g., with fluorochemicals having at least 2 or 3

carbon atoms), it is believed that a layer comprising fluorocarbon species is formed on the

surface. Each of the two treatment steps may be carried out, for example, for a total of at

least 5, 10, 20, 30, 45, or 60 minutes each or longer. Typically, the plasma treatments are

carried out at pressures of up to about 1000, 750, 500, 250, 100, or 75 mTorr (133, 100,

67, 33, 13, or 10 Pa).

Plasma treatments generally require mixing of the porous particles 1 to maximize

the amount of the external surface area that is exposed to the plasma. When plasma

treatments are carried out on a laboratory scale, the mixing can be carried out by hand.

For example, in the two-step process described above each step may be interrupted a

number of times (e.g., 2, 3, or 4) to stir the porous particles. The gas is then reintroduced

and the plasma reignited. In larger scale treatments, the mixing may be carried out, for

example, with a mixing paddle that may continuously rotate during the process.

Methods of making a treated porous particle according to the present disclosure

using plasma typically also include providing a reaction chamber having a capacitively-



coupled system comprising at least one grounded electrode and at least one electrode

powered by a radio frequency source; generating a plasma comprising reactive species in

the chamber causing an ion sheath to form around at least one of the electrodes; and

locating a plurality of porous particles in the ion sheath. In some embodiments, the

method further comprises agitating the plurality of porous particles in a manner to expose

their external surfaces to the reactive species in the plasma.

In the plasma treatments described above, the plasma (e.g., the silane plasma or the

fluorine plasma) may include other gaseous component(s), for example, nitrogen or

ammonia, as long as the gaseous components don't prevent the external surface from

becoming hydrophobic. Thus, the term "gas", in embodiments wherein a gas is used,

refers to a single compound or a mixture of two or more compounds.

Plasma treatment may provide a treated porous particle with a unique structure

because it typically treats only the external surface of the particle. Typically, for the

treated porous particles disclosed herein, the pore size is in the range of up to tens of

nanometers while the mean free path of the reactive species in the plasma (i.e., the average

distance traveled by a species before it collides with another species) is not smaller than

20 microns. Also, plasma deposition methods can form layers of hydrophobic species on

a surface. The method described in any of the above embodiments may provide a treated

silica gel particle comprising an external surface and interior pore surfaces, wherein the

external surface has up to 5 (e.g, 4, 3, 2.5, 2, or 1) atomic percent silicon atoms up to a

depth of 50 angstroms, as determined by x-ray photoelectron spectroscopy. In some of

these embodiments, the external surface is free of silicon atoms. In some embodiments,

the treated porous particle prepared by plasma treatment has at least 10, 20, 30, or 40

atomic percent fluorine on the outer 50 angstroms of its external surface, as determined by

x-ray photoelectron spectroscopy. In some embodiments, the treated porous particle

prepared by plasma treatment has less than 20, 15, 10, or 5 atomic percent oxygen on the

outer 50 angstroms of its external surface, as determined by x-ray photoelectron

spectroscopy. In any of these embodiments, the interior pore surfaces a typically at least

partially hydrophilic.

In some embodiments, the method of making a treated porous particle 5 according

to any of the aforementioned embodiments of treated porous particles comprises exposing

the porous particle 1 to at least one of water vapor, methanol vapor, or ethanol vapor and



subsequently exposing the porous particle to a second vapor comprising a reactive

organosilane compound. This method is hereinafter called "the second method." Treating

silica surfaces with reactive organosilane compounds is known, for example, in the

semiconductor and in printing industries. In semiconductor industry silicon wafers are

treated with dichlorodimethylsilane vapor. In printer toner cartridges, silica gel particles

treated with dichlorodimethylsilane on both the interior pore surfaces and the external

surfaces are used as lubricants. It has been shown in the evaluation of nonporous silica

particles that the reaction between dichlorodimethylsilane and the silica surface is

enhanced by the presence of surface water. In some embodiments of the methods

disclosed herein, the reaction between vapor phase reactive organosilane compounds and a

porous particle 1 has been unexpectedly found to preferentially incorporate hydrophobic

groups on the external surface of the porous particle without affecting the desiccant

capacity of the interior pore surfaces of the particle.

In a first step of the second method of making a treated porous particle 5, porous

particles 1 are exposed to at least one of water vapor, ethanol vapor, or methanol vapor.

This exposure can be carried out at ambient pressure (e.g., in a humidity chamber at, for

example, 50 to 95 percent relative humidity) or under reduced pressure (e.g., using

apparatus 300 shown in Fig. 3A and 3B) and at ambient temperature or elevated

temperature (e.g., in a range from 25 °C to 40 °C or 25 °C to 35 °C). Without wishing to

be bound by theory, it is believed that in some embodiments, at least a portion of the water

vapor, methanol vapor, or ethanol vapor condenses within at least a portion of the plurality

of pores of the porous particles, thereby at least partially occluding the interior pore

surfaces.

In a second step of the second method of making a treated porous particle 5,

porous particles 1 are exposed to a second vapor comprising a reactive organosilane

compound. This exposure is typically carried out under reduced pressure (e.g., in a range

from 0.5 torr to 150 torr (67 Pa to 2 x 104 Pa) and may be carried out at ambient

temperature or elevated temperature (e.g., in a range from 25 °C to 40 °C or 25 °C to 35

°C). In some embodiments, the vapor comprising the reactive organosilane compound is

at a pressure of at least 400 Pa, 650 Pa, 1000 Pa, 1300 Pa, or at least 10000 Pa when it

comes into contact with the particles. It has been unexpectedly found that the

performance of the particles as desiccants (e.g., when exposed to aqueous liquids) was



improved when the vapor comprising the reactive organosilane compound was at a

pressure of at least 1000 Pa (e.g., about 1300 Pa). Without intending to be bound by

theory, it is believed that a pressure of at least 1000 Pa minimizes the diffusion of the

reaction organosilane compound into the pores of the particle so that the treatment remains

on the external surface. Conveniently, a process pressure of 10 torr (1300 Pa) can be used

when the vapor pressure of the reactive organosilane compound is above 10 torr (1300

Pa); typically the water vapor, ethanol vapor, or methanol vapor inside the pores of the

particles are not pumped out at this pressure.

In either the first step or the second step described above, the method may further

comprise agitating a plurality of porous particles in a manner to expose their external

surfaces to at least one of the water vapor or the second vapor.

The first and second steps can be carried out, for example, using apparatus 300

shown in Figs. 3A and 3B. As shown in Fig. 3A, two liquid holder assemblies 360, one

for the reactive organosilane compound and one for water, can be used to deliver vapor to

vacuum chamber 340 connected to vacuum pump 350. The vacuum chamber is typically a

hollow cylinder capable of being evacuated to a background pressure of up to 10 6 torr

(10 4 Pa). Each liquid holder assembly can contain a vacuum compatible glass tube 362,

364 sealed off at one end and an attached valve 366 to control the on/off of the vapor

source. If the exposure to water vapor is carried out, for example, in a humidity chamber

as described above, one of the two liquid holder assemblies, which includes tube 362,

need not be used. Inside the vacuum chamber 340 is a particle agitator 320 that has an

inlet port 330 for the vapor. The second vapor comprising the reactive organosilane

compound can be metered into the chamber 340, for example, using a mass flow

controllers or needle valves. The mass of reactive organosilane consumed can be

monitored using conventional techniques.

A representative particle agitator 320 is shown in more detail in Fig. 3B. Particle

agitator 320 is a hollow cylinder with a rectangular opening 328. Agitator 320 is fitted

with a shaft 326 aligned with its axis, to which is bolted four rectangular blades 322,

which form an agitation mechanism or paddle wheel for the particles in the agitator 320.

The blades 322 each contain two holes 44 to promote communication between the particle

volumes contained in each of the four quadrants formed by the blades 322 and the agitator

cylinder 320. Modes of use of this apparatus 300 are described below in the examples.



Figs. 4A through 4D schematically illustrate different embodiments of the second

method of making the treated porous particles disclosed herein, where the exposure to

water vapor is carried out for different lengths of time. Particles 420 may be dried using

conventional drying techniques before the exposure to water vapor. Particles 401 in the

embodiments illustrated in Figs. 4A to 4D have different amounts of absorbed surface

water and different amounts of surface hydroxyl groups resulting from the exposure to

water vapor for different lengths of time. Fig. 4D illustrates the longest exposure time to

water vapor, and Fig. 4A illustrates the shortest exposure time, with Figs. 4B and 4C

illustrating intermediate exposure times. Particles 440 in the embodiments illustrated in

Figs. 4A to 4D result from exposure to the reactive organosilane compound, which reacts

in the areas where the surface water and/or surface silanols are present in particles 401.

Treated porous particles 405 illustrated in Figs. 4A to 4D have been dried to remove

remaining absorbed surface water. Depending on the length of the exposure to water

vapor resulting in particles 401, the treated porous particles 405 may have different levels

of coverage. While non-uniform treatments may result from short exposure times to water

vapor, longer exposure times may result in more uniform coverage of hydrophobic groups

and better, more consistent performance of the particles and desiccants (e.g., when

exposed to liquid water). In some embodiments, exposing the porous particles to water

vapor is carried out for at least 15, 20, 25, or 30 minutes up to about 1, 2, or 3 hours. The

time of exposure to the reactive organosilane compound also can affect the amount of

hydrophobic groups on the surface.

In some embodiments, a method of making treated porous particles according to

the present disclosure includes pre-reacting or pre-polymerizing an organosilane in the

vapor phase before the vapor reaches the porous particles. This method is hereafter

referred to as the "third method". By pre-polymerizing the organosilane in the vapor

phase to form dimers, trimers, and higher oligomers, the resulting dimers, trimers, and

higher oligomers will reach a molecular size sufficient to exclude the pre-polymerized

organosilane from penetrating into the pores of the porous particles. This method may be

advantageous, for example, for porous particles having a wide distribution of particle

sizes. However, because the dimer, trimer and higher oligomers of DDMS have a lower

vapor pressure at ambient conditions and will tend to condense on the internal surfaces of

the vacuum chamber, it may be necessary to increase the treatment time significantly, or



otherwise optimize the treatment conditions (e.g. temperature, pressure, organosilane and

water, methanol, or ethanol vapor pressures, and the like.

In some embodiments of the third method for treating the external surfaces of the

porous particle 5, an alternative method of delivering the organosilane vapor to a vacuum

chamber and the surface of the particles to be surface-treated, may be advantageously

employed. A schematic of one exemplary apparatus 301 for carrying out the third method

is shown schematically in Fig. 3C. As shown in Fig. 3C, two liquid holder assemblies

360, one for the reactive organosilane compound and one for water, methanol, or ethanol

can be used to deliver vapor to vacuum chamber 340. Vacuum chamber 340 is connected

to a vacuum pump 350 capable of evacuating the vacuum chamber 340 to a background

pressure of about 10 6 torr (10 4 Pa) or lower. Inside the vacuum chamber 340 is a particle

agitator 320 (which may be as generally shown in Fig. 3B) that has a single inlet port 382

for the combined first and second vapor stream.

As shown in Fig. 3C, one liquid holder assembly can contain a vacuum compatible

tube 364 sealed off at one end and an attached valve 366 to turn on or off the first vapor

source comprising the reactive organosilane compound. The second vapor source can be

formed by passing an inert gas (e.g. nitrogen) from a source 376 through a flowrate

metering means (e.g. a mass flow controllers 374 and/or needle valves 372) and into a gas

dispersion tube 370 immersed in a gas bubbler 368 containing liquid water, methanol, or

ethanol, thereby forming bubbles 378 of the inert gas in equilibrium with water, methanol,

or ethanol vapor.

The inert gas containing the water, methanol, or ethanol vapor passes into an

annular mixing nozzle 380, where it mixes with the organosilane compound before

passing into the particle agitator 320 through outlet tube 382, which connects to the inlet

tube 330 (see Fig. 3B) of the particle agitator 320. Attached valves 366 may be used to

turn on or off the first and second vapor sources. The mass of reactive organosilane

consumed can be monitored using conventional mass balance techniques.

In the third method of treating porous particles, the process parameters are similar

to those used in the second method; however, the third method is intended to deliver a pre-

mixed mixture of the organosilane with the water, methanol, or ethanol vapor to the

vacuum chamber. By passing a known flow rate of nitrogen through the water/methanol

bubbler 368 to produce a pre-determined amount at least one of water vapor, methanol



vapor, or ethanol vapor or methanol vapor at the annular mixing nozzle 380, it is possible

to rapidly polymerize the organosilane monomer to form a higher molecular weight

oligomer. By controlling the amount of water, methanol, or ethanol vapor at the annular

mixing nozzle 380, desired dimer, trimer or higher oligomer formation can be achieved

before the reaction product deposits on the porous particles.

In some embodiments of the second method or the third method of making the

treated porous particles disclosed herein, the method further comprises exposing the

porous particles to a third vapor comprising a volatile compound non-reactive with the

reactive organosilane before exposing the porous particles to the at least one of water

vapor, methanol vapor, or ethanol vapor and the organosilane vapor, wherein at least a

portion of the volatile compound condenses within at least a portion of the plurality of

pores of the porous particles, thereby at least partially occluding the interior pore surfaces.

In some of these embodiments, the volatile compound is selected from the group

consisting of molecular nitrogen, carbon dioxide, methane, ethane, and combinations

thereof. In certain such exemplary embodiments, the method further comprises

substantially removing the condensed volatile compound from the pores after exposing the

porous particles to the second vapor comprising the reactive organosilane compound,

optionally wherein substantially removing the condensed volatile organic compound from

the pores is accomplished by heating the particles, exposing the particles to a vacuum, or a

combination thereof.

In some embodiments, including any of the aforementioned embodiments of the

second or third method described above, the reactive organosilane compound has a vapor

pressure at 25 °C of from 133 Pa to 26,600 Pa. In some embodiments, treating the

external surface of the porous particle takes place at a total vapor pressure of from 1,330

Pa to 26,600 Pa.

In some embodiments, including any of the aforementioned embodiments of the

second or third method described above, the plurality of pores exhibit a median pore size

of up to 4 nm, and exposing the porous particle to the vapor comprising the reactive

organosilane compound occurs at a total vapor pressure of from 1,330 Pa to 19,950 Pa. In

other embodiments, the plurality of pores exhibits a median pore size of more than 4 nm,

and exposing the porous particle to the vapor comprising the reactive organosilane

compound occurs at a total vapor pressure of from 6,650 Pa to 26,600 Pa. The latter



pressure range is useful, for example, when the second method is used to treat porous

particles having a wide pore size distribution.

In some embodiments, including any of the aforementioned embodiments of the

second or third method described above, the method further comprises substantially

removing the condensed water vapor, methanol vapor, or ethanol vapor from the pores

after exposing the porous particles to the second vapor comprising the reactive

organosilane compound, optionally wherein substantially removing the condensed water

vapor, methanol vapor, or ethanol vapor from the pores is accomplished by heating the

particles, exposing the particles to a vacuum, or a combination thereof.

In some embodiments, including any of the foregoing embodiments of the methods

described herein, the method further comprises exposing the treated porous particles to

acetic acid. The resultant particles may include acetic acid within their pores, which may

be useful, for example, with the treated porous particles are used as an odor-control agent.

In some embodiments, including any of the aforementioned embodiments of the

second or third method described above, the reactive organosilane compound is

represented by formula RxSiY4 x, wherein each Y is independently a hydrolysable group,

which may be selected from the group consisting of halogen (i.e., -F, -CI, -Br, or -I),

alkoxy (e.g., having 1 to 6, 1 to 4, or 1 to 2 carbon atoms), aryloxy (e.g., phenoxy), or

acyloxy (e.g., having 1 to 6, 1 to 4, or 1 to 2 carbon atoms), each R is independently alkyl,

alkenyl, aryl, arylalkylenyl, or alkylarylenyl, each of which may optionally be substituted

(e.g., with cyano or halogen), and x is 1, 2, or 3 . In some embodiments, x is 1 or 2 . In

some embodiments Y is halogen or alkoxy. Typically, Y is chloro. In some

embodiments, each R is alkyl (e.g., methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,

tert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, n-hexyl, n-heptyl, n-octyl, isooctyl,

2,2,4-trimethylpentyl, n-nonyl, n-decyl, n-dodecyl, n-octadecyl cyclopentyl, cyclohexyl,

cycloheptyl, or methylcyclohexyl). In some embodiments, each R is independently

methyl, ethyl, or phenyl. In some embodiments, each R is methyl. Exemplary alkenyl

groups include vinyl, allyl, and 5-hexene-l-yl. Exemplary aryl groups include phenyl,

naphthyl, anthryl, and phenanthryl. Exemplary alkylarylenyl groups include o-, m-, p-

tolyl, xylyl and ethylphenyl, and exemplary arylalkylenyl groups include benzyl and

alpha- and beta-phenylethyl. Exemplary fluoroalkyl groups include 3,3,3-trifluoro-n-

propyl, 2,2,2,2',2',2'-hexafluoroisopropyl, 8-heptafluoroisopropyl. Many reactive



organosilane compounds represented by formula RxSiY4_x are commercially available

(e.g., from Huls America, Inc., Cincinnati, OH, and Sigma-Aldrich); other organosilane

compounds represented by formula R SiY4 x can be prepared according to known

methods. In some embodiments, the reactive organosilane compound is selected from the

group consisting of dichlorodimethylsilane, dichlorodiethylsilane, trichloromethylsilane,

chlorotrimethylsilane, and combinations thereof.

Without intending to be bound by theory it is believed that the reactive

organosilane compound represented by formula R SiY4 x will first undergo hydrolysis

with pre-adsorbed surface water to form a silanol. The silanols can undergo condensation

reactions with the surface -SiOH groups and/or other molecules of the reactive

organosilane compound to make short polysiloxane units. Polysiloxanes with terminal -

SiOH groups can also react with surface silanol groups through condensation reactions.

The R groups from the organosilane compound represented by formula R SiY4_x on the

resulting siloxanes and polysiloxanes render the surface of the treated porous particles

hydrophobic.

Absorbent Articles

Treated porous particles according to the present disclosure may be useful, for

example, as desiccants incorporated into absorbent articles. Absorbent articles typically

have an absorbent component and other structural components particular to how the

absorbent article is worn or used. An exemplary absorbent article, sanitary napkin 500, is

shown in Fig. 5, but other absorbent articles are contemplated (e.g., an underarm pad, a

breast pad, a dress shield, a foot pad, a wound dressing, a diaper, a bed pad or liner, or an

incontinence undergarment). In some embodiments, the absorbent article is disposable.

An absorbent component according to the present disclosure comprises an

absorbent material and a plurality of treated porous particles described herein. The

absorbent material is typically a natural, synthetic, or modified natural organic polymer

that can absorb and hold liquids (e.g., aqueous liquids). In some embodiments, the

polymer is crosslinked. The term "crosslinked" refers to any means for effectively

rendering normally water-soluble materials substantially water insoluble but swellable.

Examples of such means include physical entanglement, crystalline domains, covalent

bonds, ionic complexes and associations, hydrophilic associations such as hydrogen



bonding, and hydrophobic associations or Van der Waals forces. Such absorbent materials

are usually designed to quickly absorb liquids and hold them, usually without release. The

term absorbent material as used herein is not meant to be inclusive of desiccant particles.

In some embodiments, the absorbent material is usually capable of holding at least about

0.05 gram of liquid per square centimeter, which can be measured by dipping the

absorbent material into distilled water, removing the sample from the water, and allowing

the sample to drip for 30 seconds. In some embodiments, the absorbent material can

absorb at least about 100 percent of its weight in water (e.g., at least 150, 200, 250, 300,

350, or 400 percent) as determined by the test method provided in the Example section,

below.

The absorbent component may have any of a number of shapes (e.g., rectangular,

I-shaped, or T-shaped). The size and the absorbent capacity of the absorbent component

should be compatible with the size of the intended wearer and the liquid loading imparted

by the intended use of the absorbent article. Absorbent materials may be zoned and their

compositions chosen to move liquids away from the original location of the incoming

insult to more remote storage locations. Such a design makes more efficient use of the

space in the absorbent article. In some embodiments, the absorbent material is in direct

contact with the plurality of treated porous particles. For example, the treated porous

particles can be mixed with SAP or wood pulp to be loaded in an absorbent article. In

other embodiments, the treated porous particles can be immobilized on a web to be placed

in an absorbent article.

In some embodiments of an absorbent component according to the present

disclosure and/or a plurality of particles including an absorbent material according to the

present disclosure, the absorbent material is a cellulosic material, SAP, or a mixture

thereof. In some embodiments of an absorbent component according to the present

disclosure, the absorbent material is an acrylic foam absorbent (e.g., foams described in U.

S. Pat. No. 5,817,704 (Shiveley et al.) and the references cited therein, prepared, for

example, by polymerization of high internal phase emulsions). In some embodiments, the

absorbent component comprises a matrix of hydrophilic fibers (e.g., wood pulp fluff,

synthetic meltblown fibers, or combinations thereof) and SAP particles. The SAP

particles may be substantially homogeneously mixed with the hydrophilic fibers or may be

non-uniformly mixed. Likewise, the absorbent material and the treated porous particles



according to the present disclosure may be substantially homogeneously mixed or non-

uniformly mixed. The hydrophilic fibers and superabsorbent particles may be selectively

placed into desired zones of the absorbent component to better contain and absorb body

exudates. The concentration of the SAP particles may also vary through the thickness of

the absorbent component. In some embodiments, the absorbent component comprises a

laminate of fibrous webs and SAP or other suitable means of maintaining a superabsorbent

material in a localized area.

In some embodiments of an absorbent component according to the present

disclosure and/or a plurality of particles including an absorbent material according to the

present disclosure, the weight ratio of treated porous particles and the absorbent material

is in a range from 0.5 :1 to 1:1.5 . In some embodiments, amounts of the treated porous

particles and the absorbent material are approximately equal (e.g., in a range from 0.9:1 to

1:1.1). However, ratios of the components of the absorbent component may be outside

this range for some applications.

In some embodiments (e.g., embodiments of absorbent components or a plurality

of particles disclosed herein) the absorbent material is wood pulp. In some of these

embodiments, the absorbent component or plurality of particles is substantially free of

SAP. In these embodiments, typically, the beneficial effect of humidity reduction

provided by the treated porous particles according to the present disclosure is more

pronounced due to higher relative humidity observed for the control, which has no

desiccant. Since wood pulp absorbs less liquid and absorbs liquid less quickly that SAP,

the baseline level of humidity is increased.

In some embodiments of a plurality of particles disclosed herein, the absorbent

particles or fibers comprise SAP. A plurality of particles comprising treated porous

particles disclosed herein and SAP may be useful, for example, in an absorbent article or

absorbent component that contains other absorbent materials (e.g., wood pulp). The ratio

of SAP to treated porous particles may be in a range from, for example, 99: 1 to 1:99, 95 :5

to 5:95, 90:10 to 10:90, 85:15 to 15:85, 80:20 to 20:80, 75:25 to 25:75, or 70:30 to 30:70.

Examples of SAP materials include the alkali metal and ammonium salts of

poly(acrylic acid) and poly(methacrylic acid), poly(acrylamides), poly(vinyl ethers),

maleic anhydride copolymers with vinyl ethers and alpha-olefms, poly(vinyl pyrolidone),

poly(vinyl morpholinone), poly(vinyl alcohol), and mixtures and copolymers thereof.



Further polymers suitable for use in the absorbent component include natural and modified

natural polymers, such as hydrolyzed acrylonitrile-grafted starch, acrylic acid grafted

starch, methyl cellulose, carboxymethyl cellulose, hydroxypropyl cellulose, and the

natural gums (e.g., alginates, xanthum gum, and locust bean gum). Mixtures of natural

and wholly or partially synthetic absorbent polymers can also be useful. SAP materials

are well known to those skilled in the art and are widely commercially available (e.g.,

from Dow Chemical, Midland, Mich., under the trade designation "DRYTECH 2035" or

from Stockhausen Corporation of Greensboro, N.C., under the trade designation "FAVOR

SXM 880").

The absorbent material (e.g., SAP) may be in any of a wide variety of geometric

forms. In some embodiments, the absorbent material is in the form of discrete particles.

However, the absorbent material may also be in the form of at least one of fibers, flakes,

rods, spheres, or needles. As a general rule, the high absorbency material is present in the

absorbent body 36 in an amount of from about 5 to about 90 weight percent based on a

total weight of the absorbent body.

In some embodiments, an absorbent article according to the present disclosure

comprises a liquid permeable topsheet, a liquid impermeable backsheet, and the absorbent

component or the plurality of treated porous particles disclosed in any of the embodiments

described above between the topsheet and the backsheet. Such absorbent articles typically

include sanitary napkins, diapers, and other incontinence articles. An exploded schematic

view of an exemplary embodiment of an absorbent article according to the present

disclosure is shown in Fig. 5 .

Referring to Fig. 5, in the thickness direction of the absorbent article 500, topsheet

520 is the layer against the user's skin and so the first layer in contact with liquid or other

exudate from the user. Topsheet 520 further serves to isolate the user's skin from the

liquids held in an absorbent component 560 and typically is compliant, soft feeling, and

non-irritating.

Various materials can be used in forming the topsheet in an absorbent article

according to the present disclosure, including apertured plastic films, woven fabrics,

nonwoven webs, porous foams, and reticulated foams. In some embodiments, the topsheet

is a nonwoven material. Exemplary nonwoven materials include spunbond or meltblown

webs of fiber forming polymer filaments (e.g., polyolefm, polyester, or polyamide



filaments) and bonded carded webs of natural polymers (e.g., rayon or cotton fibers)

and/or synthetic polymers (e.g., polypropylene or polyester fibers). The nonwoven web

can be surface treated with a surfactant (e.g., in an amount between about 0.05 and 0.5

weight percent), or otherwise processed to impart the desired level of wettability and

hydrophilicity. If a surfactant is used, it can be an is internal additive that migrates to the

surface or applied to the web by any conventional means (e.g., spraying, printing, dipping,

or brush coating).

The backsheet 540 is sometimes referred to as the outer cover and is the farthest

layer from the user. The backsheet 540 is typically formed of a thin thermoplastic film

(e.g., polyethylene film) which is substantially impermeable to liquid. Backsheet 540

functions to prevent body exudates contained in absorbent component 560 from wetting or

soiling the wearer's clothing, bedding, or other materials contacting the diaper. In some

embodiments, the backsheet is a polyethylene film having an initial thickness of about 0.5

mil (0.012 millimeter) to about 5.0 mil (0.12 millimeter). The polymer film may be

embossed and/or matte finished to provide a more aesthetically pleasing appearance. In

some embodiments, backsheet 540 comprises woven or nonwoven fibrous webs that have

been constructed or treated to impart the desired level of liquid impermeability. In other

embodiments, backsheet 540 comprises laminates formed of a woven or nonwoven fabric

and thermoplastic film. In some embodiments, backsheet 540 comprises a vapor or gas

permeable microporous "breathable" material that is substantially impermeable to liquid.

Backsheet 540 may also serve the function of a mating member for mechanical fasteners,

for example, when the backsheet comprises nonwoven fabric.

In some embodiments, absorbent articles according to the present disclosure also

comprise an acquisition layer 580, as shown in Fig. 5 . The acquisition layer is provided to

quickly accept the incoming insult and either absorb, hold, channel, or otherwise manage

the liquid so that it does not leak outside the article. The acquisition layer may also be

referred to, for example, as a surge layer, intake layer, transfer layer, or transport layer.

An acquisition layer is generally capable of handling an incoming insult of between about

60 and 100 milliliters (mL) at an insult volumetric flow rate of from about 5 to 20

mL/second, for infants, for example.

Acquisition layer 580 is typically interposed between topsheet 520 and another

layer (e.g., absorbent component 560). The acquisition layer 580 is generally subjacent



topsheet 520 at the surface opposite the user's skin. To enhance liquid transfer, it may be

desirable to attach the upper and/or lower surfaces of the acquisition layer 580 to the

topsheet and the absorbent component 560, respectively. Suitable conventional

attachment techniques include at least one of adhesive bonding (e.g., using water-based,

solvent-based, or thermally activated adhesives), thermal bonding, ultrasonic bonding,

needling, or pin aperturing. If, for example, the acquisition layer 580 is adhesively

bonded to the topsheet 520, the amount of adhesive add-on should be sufficient to provide

the desired level(s) of bonding, without excessively restricting the flow of liquid from the

topsheet 520 into the acquisition layer 580. Various woven and nonwoven webs and

foams can be used to construct acquisition layer 580. For example, the acquisition layer

580 may be a nonwoven fabric layer composed of a meltblown or spunbond web of

polyolefm filaments. Such nonwoven fabric layers may include conjugate, biconstituent

and homopolymer fibers of staple or other lengths and mixtures of such fibers with other

types of fibers. The acquisition layer 580 also can be a bonded-carded web or an airlaid

web composed of natural and/or synthetic fibers. The bonded-carded web may, for

example, be a powder bonded carded web, an infrared bonded carded web, or a through-

air bonded carded web. Further examples of surge materials may be found in U.S. Pat.

No. 5,490,846 (Ellis et al.) and in U.S. Pat. No. 5,364,382 (Latimer). Acquisition layer

580 may be composed of a substantially hydrophobic material, and the hydrophobic

material may optionally be treated with a surfactant or otherwise processed to impart a

desired level of wettability and hydrophilicity. In some embodiments, acquisition layer

580 can have a generally uniform thickness and cross-sectional area.

In some embodiments of an absorbent article according to the present disclosure,

including the illustrated embodiment in Fig. 5, a substantially hydrophilic tissue sheet 590

is employed to help maintain the integrity of the airlaid fibrous structure of the absorbent

component 560. One or more tissue sheets 590 may be used, or one tissue sheet 590 may

wrap around both sides of the absorbent component. The tissue sheet(s) 590 is typically

placed about the absorbent component 560 over at least the two major facing surfaces

thereof and is composed of an absorbent cellulosic material (e.g., creped wadding or a

high wet-strength tissue). In some embodiments, the tissue sheet 590 can be configured to

provide a wicking layer, which helps to rapidly distribute liquid over the absorbent

material in the absorbent component 560. In these embodiments, the tissue sheet 590 may



be considered a distribution layer, which move fluid from the point of initial deposition to

the location where storage is desired (e.g., absorbent component 560).

Other types and/or additional distribution layers may be present in the absorbent

article. These distribution layers may be made, for example, from woven fabrics and

nonwoven webs (e.g., using the materials described above for the topsheet 520 and

acquisition layer 580).

In some embodiments of absorbent articles according to the present disclosure, the

plurality of treated porous particles 505 is located between the topsheet and the absorbent

material (e.g., in the absorbent component). In some of these embodiments, including the

illustrated embodiment of Fig. 5, the plurality of treated porous particles 505 is in direct

contact with absorbent material (e.g., in the absorbent component 560). In other of these

embodiments, the plurality of treated particles 505 may be placed, for example, above the

acquisition layer 580 or between the acquisition layer 580 and the tissue layer 590. In

some embodiments, the plurality of treated particles 505 may be placed, for example,

under the absorbent component 560, where they are still effective for lowering the relative

humidity near the skin of the user. In some embodiments, the absorbent article has an

elongated shape, a longitudinal midline, a transverse midline, and a central region at an

intersection of the longitudinal and transverse midlines, wherein the plurality of particles

is not placed in the central region but is placed on either side of at least one of the

longitudinal or transverse midlines. In some embodiments, the absorbent article has an

elongated shape, a longitudinal midline, a transverse midline, and a central region at an

intersection of the longitudinal and transverse midlines, wherein the plurality of particles

is dispersed within the central region. Dispersed can mean, for example, that there is

space between the particles.

In some embodiments of the absorbent article, absorbent component, and/or

plurality of particles comprising an absorbent material according to the present disclosure,

when at least a portion of the plurality of particles is exposed to aqueous liquid, the

plurality of particles decreases relative humidity to a greater extent (e.g., at least 5, 10, 15,

20, 25, 30, 40, or 50 percent better) than a comparative plurality of particles that do not

comprise the hydrophobic group. A comparative plurality of particles comprising no

hydrophobic groups refers to a plurality of particles that is the same as the plurality of

treated particles except having no hydrophobic treatment. For example, the comparative



plurality of particles has the same size and pore size distribution as the plurality of treated

particles and has the chemical make-up as the treated porous particles before such

particles are treated. The relative humidity in an absorbent article adjacent a user's skin

can be measured, for example, according to the test method for measuring relative

humidity described in the Examples, below and shown in Figs. 2A and 2B.

While untreated desiccant particles can be useful for decreasing the relative

humidity in an absorbent article adjacent the user's skin, untreated desiccant particles will

typically absorb the incoming liquid insult to the absorbent article. The external and

interior pore surfaces of the desiccant thereby become unavailable for absorbing moisture

vapor in the vicinity of the absorbent article. In contrast, the treated porous particles

disclosed herein have external surfaces which generally repel aqueous liquids. They do

not absorb as much of the liquid as an untreated particle and therefore have more interior

surface area for absorbing moisture vapor.

In some embodiments of the absorbent article according to the present disclosure,

the plurality of treated particles diverts a flow of an aqueous liquid introduced to the top

sheet of the absorbent article. In this way, the plurality of treated particles functions as a

distribution material (described above) which moves fluid from the point of initial

deposition to the location where storage is desired. The degree to which the treated

particles divert the flow may depend, for example, on the degree of hydrophobicity on the

external surface, which typically correlates to contact angle. Thus, the hydrophobic

treatment on the treated porous particles can be selected to divert the flow by the desired

amount for a given absorbent article. In some embodiments, the contact angle versus

water on the plurality of treated porous particles is in a range from 90 to 100 degrees, 95

to 110 degrees, or 100 to 115 degrees.

Mixtures of treated porous particles according to the present disclosure and

untreated porous particles can be used to divert the flow by the desired amount for a given

absorbent article. Such mixtures can take advantage of, for example, both the diversion of

flow and enhanced humidity reduction provided by the treated porous particles and the

absorption of liquid by the untreated porous particles. In some embodiments, the weight

ratio of treated porous particles and the untreated porous particles is in a range from 0.5:1

to 1:1.5. In some embodiments, amounts of the treated porous particles and the untreated

porous particles are approximately equal (e.g., in a range from 0.9:1 to 1:1.1). However,



ratios outside this range may be useful for some applications. In some embodiments, both

the treated and untreated porous particles are silica gel particles.

In some embodiments, when the treated porous particles are dispersed within the

area of an absorbent component or mixed with an absorbent material, the treated porous

particles can be used to direct flow into the absorbent material. It is typically desirable for

there to be enough space between the treated porous particles to allow liquid to flow

around the treated particles and into the absorbent material. The spacing depends, for

example, on the size of the particles.

Desiccant particles can absorb moisture during storage. The treated porous

particles according to the present disclosure may be stored in a moisture impermeable

pouch for storage and shipping. The treated porous particles have been found to be stable

to moisture uptake in standard packaging for absorbent articles (e.g., wrapped in a barrier

film or having silicone liners and a tri-folded configuration).

Embodiments of the Disclosure

In a first embodiment, the present disclosure provides a treated porous particle

comprising an external surface and interior pore surfaces, wherein at least a substantial

portion of the external surface of the treated porous particle comprises hydrophobic

groups, and wherein the interior pore surfaces are substantially untreated.

In a second embodiment, the present disclosure provides the treated porous particle

according to the first embodiment, wherein the hydrophobic groups comprise at least one

of alkyl or aryl groups, wherein alkyl and aryl are each optionally substituted with

fluorine.

In a third embodiment, the present disclosure provides a treated porous particle

comprising an external surface and interior pore surfaces, wherein at least a portion of the

external surface of the treated porous particle comprises hydrophobic groups, the

hydrophobic groups comprising at least one of alkyl or aryl groups, wherein the alkyl and

aryl groups are substituted with fluorine, and wherein the interior pore surfaces are at least

partially hydrophilic.

In a fourth embodiment, the present disclosure provides the treated porous particle

according to any one of the first, second, or third embodiments, wherein the treated porous

particle is a treated silica gel particle, a treated montmorillonite clay particle, a treated



zeolite particle, a treated molecular sieve, or a treated activated carbon particle. In some

of these embodiments, the treated porous particle is a treated silica gel particle or a treated

activated carbon particle.

In a fifth embodiment, the present disclosure provides the treated porous particle

according to any one of the first through fourth embodiments, wherein the hydrophobic

groups comprise siloxanes having alkyl groups, aryl groups, or combinations thereof.

In a sixth embodiment, the present disclosure provides the treated porous particle

according to any one of the first through fifth embodiments, wherein the treated porous

particle is a silica gel particle with the external surface having up to 5 atomic percent

silicon atoms up to a depth of 50 angstroms, as determined by x-ray photoelectron

spectroscopy.

In a seventh embodiment, the present disclosure provides a plurality of particles

comprising the treated porous particle according to any one of the first through sixth

embodiments.

In a eighth embodiment, the present disclosure provides the plurality of particles

according to the seventh embodiment, wherein when the plurality of particles is sprinkled

on a surface of water to form a single layer, at least 75 percent of the plurality of particles

float on the surface of the water, and wherein the plurality of particles absorb at least 20

percent of their weight of water vapor after 24 hours at 30 °C and 50 percent relative

humidity.

In a ninth embodiment, the present disclosure provides the plurality of particles

according to the seventh or eighth embodiment, wherein the plurality of particles has a

water vapor uptake at 30 °C and 80 percent relative humidity that is at least 60 percent of

the water vapor uptake of a comparative plurality of particles that do not comprise the

hydrophobic groups.

In a tenth embodiment, the present disclosure provides the plurality of particles

according to any one of the seventh to ninth embodiments, wherein when at least a portion

of the plurality of particles is exposed to aqueous liquid, the plurality of particles

decreases relative humidity to a greater extent than a comparative plurality of particles that

do not comprise the hydrophobic groups.

In an eleventh embodiment, the present disclosure provides the plurality of

particles according to any one of the seventh to tenth embodiments, wherein the plurality



of particles is substantially free of particles wherein the external surface and the interior

pore surfaces are both treated with hydrophobic groups.

In a twelfth embodiment, the present disclosure provides the plurality of particles

according to any one of the seventh to eleventh embodiments, further comprising

untreated desiccant particles.

In a thirteenth embodiment, the present disclosure provides the plurality of

particles according to any one of the seventh to twelfth embodiments, further comprising a

color-change indicator.

In a fourteenth embodiment, the present disclosure provides the plurality of

particles according to any one of the seventh to thirteenth embodiments, further

comprising absorbent particles or fibers comprising at least one of superabsorbent

polymers, hydrophilic nonwovens, or wood pulp.

In a fifteenth embodiment, the present disclosure provides a method of making a

treated porous particle according to any one of the first to sixth embodiments or the

plurality of particles according to any one of the seventh to eleventh embodiments, the

method comprising treating an external surface of a porous particle with a hydrophobic

agent while allowing interior pore surfaces of the porous particle to remain substantially

untreated.

In a sixteenth embodiment, the present disclosure provides the method according

to the fifteenth embodiment, wherein only the external surface of the porous particle is

treated with the hydrophobic agent.

In a seventeenth embodiment, the present disclosure provides the method

according to the fifteenth or sixteenth embodiment, wherein treating the external surface

of the porous particle comprises forming a layer comprising silicon, hydrogen, and carbon

on at least portion of the external surface of the porous particle by plasma deposition.

In an eighteenth embodiment, the present disclosure provides the method

according to the seventeenth embodiment, wherein forming the layer comprising silicon,

hydrogen, and carbon comprises ionizing a gas comprising an organosilicon compound

selected from the group consisting of an alkylsilane, an alkoxysilane, an

alkylenepolysilane, an alkylpolysilane, an alkenyl silane, an aryl silane, and combinations

thereof.



In a nineteenth embodiment, the present disclosure provides the method according

to the seventeenth or eighteenth embodiment, further comprising treating at least a portion

of the layer comprising silicon, hydrogen, and carbon with a fluorinated compound.

In a twentieth embodiment, the present disclosure provides the method according

to the nineteenth embodiment, wherein the fluorinated compound is selected from the

group consisting of perfluoropropane, carbon tetrafluoride, trifluoromethane,

difluoromethane, pentafluoroethane, perfluoropropene, and perfluorobutene and

combinations thereof.

In a twenty-first embodiment, the present disclosure provides the method

according to the nineteenth or twentieth embodiment, wherein treating at least a portion of

the layer comprising silicon, hydrogen, and carbon with a fluorinated compound

comprises forming a layer comprising fluorine and carbon by plasma deposition on at least

the portion of the layer comprising silicon, hydrocarbon, and carbon.

In a twenty-second embodiment, the present disclosure provides the method

according to the fifteenth or sixteenth embodiment, wherein treating the external surface

of the porous particle comprises:

exposing the porous particle to water vapor; and subsequently

exposing the porous particle to a second vapor comprising a reactive organosilane

compound.

In a twenty-third embodiment, the present disclosure provides the method

according to the twenty-second embodiment, wherein the reactive organosilane compound

is selected from the group consisting of dichlorodimethylsilane, trichloromethylsilane,

chlorotrimethylsilane, and combinations thereof.

In a twenty-fourth embodiment, the present disclosure provides the method

according to the twenty-second or twenty-third embodiment, wherein the vapor

comprising the reactive organosilane compound has a temperature of up to 30 °C.

In a twenty-fifth embodiment, the present disclosure provides the method

according to any one of the twenty-second to twenty-fourth embodiments, wherein the

vapor comprising the reactive organosilane compound is at a pressure of at least 400 Pa.

In a twenty-sixth embodiment, the present disclosure provides an absorbent

component comprising an absorbent material in combination with the plurality of particles

according to any one of the seventh to thirteenth embodiments.



In a twenty-seventh embodiment, the present disclosure provides an absorbent

component according to the twenty-sixth embodiment, wherein the absorbent material is at

least one of wood pulp, a superabsorbent polymer, or an acrylic foam.

In a twenty-eighth embodiment, the present disclosure provides an absorbent

article comprising a liquid permeable topsheet, a liquid impermeable backsheet, and the

absorbent component according to the twenty-sixth or twenty-seventh embodiment

between the topsheet and the backsheet.

In a twenty-ninth embodiment, the present disclosure provides an absorbent article

comprising a liquid permeable topsheet, a liquid impermeable backsheet, and the plurality

of particles according to the fourteenth embodiment between the topsheet and the

backsheet.

In a thirtieth embodiment, the present disclosure provides the absorbent article

according to the twenty-eight or twenty-ninth embodiment, wherein the plurality of

particles is located between the topsheet and the absorbent material.

In thirty-first embodiment, the present disclosure provides the absorbent article

according to any one of the twenty-eighth to thirtieth embodiments, wherein the absorbent

article has an elongated shape, a longitudinal midline, a transverse midline, and a central

region at an intersection of the longitudinal and transverse midlines, and wherein the

plurality of particles is not placed in the central region but is placed on either side of at

least one of the longitudinal or transverse midlines.

In a thirty-second embodiment, the present disclosure provides the absorbent

article according to any one of the twenty-eighth to thirtieth embodiments, wherein the

absorbent article has an elongated shape, a longitudinal midline, a transverse midline, and

a central region at an intersection of the longitudinal and transverse midlines, and wherein

the plurality of particles is dispersed within the central region.

In a thirty-third embodiment, the present disclosure provides the absorbent article

according to any one of the twenty-eighth to thirty-second embodiments, wherein the

plurality of particles diverts a flow of an aqueous liquid introduced to the top sheet of the

absorbent article.

In a thirty-fourth embodiment, the present disclosure provides the use of a treated

porous particle according to any one of the first to sixth embodiments or the plurality of

particles according to any one of the seventh to fourteenth embodiments as a desiccant.



In a thirty-fifth embodiment, the present disclosure provides the use of a treated

porous particle according to the thirty-fourth embodiment, wherein the desiccant is

exposed to aqueous liquids.

In a thirty-sixth embodiment, the present disclosure provides the use of a treated

porous particle according to any one of the first to sixth embodiments or the plurality of

particles according to any one of the seventh to fourteenth embodiments as an odor-

control agent.

In a thirty-seventh embodiment, the present disclosure provides the use of a treated

porous particle according to the thirty-fifth embodiment, wherein the odor-control agent is

exposed to aqueous liquids.

Embodiments of this disclosure are further illustrated by the following non-

limiting examples, but the particular materials and amounts thereof recited in these

examples, as well as other conditions and details, should not be construed to unduly limit

this disclosure.

Examples

Test Methods

Floatation Test

Deionized water (about 10 mL) was added to a 20-mL glass vial, and an amount of

particles sufficient to form a single layer of treated particles was carefully sprinkled on the

surface of the water using a spoon spatula. For Particle Examples 1 to 18, Illustrative

Examples 1 to 8, and Comparative Example 1, the amount of treated particles was about 1

gram. The treated particles were visually inspected, and an estimate of the percentage of

floating treated particles was made. When at least about 75% the treated particles floated

on the surface of the water, the treated particles were deemed to pass the floatation test.

When untreated silica gel (Type A silica gel obtained from AGM Container

Controls, Inc., Tucson, AZ, part number: 920014) having a particle size from 0.5 mm to

1.0 mm in diameter was subjected to this test, the particles sank to the bottom of the vial

typically with a crackling sound.



Surface Analysis of Treated Particles

Electron Spectroscopy Chemical Analysis (ESCA) was performed on particles

using the following procedure. Triplicate analyses of the surface of the samples were

performed using an X-ray photoelectron spectrometer obtained from Kratos Analytical,

Chestnut Ridge, New York, under the trade designation "AXIS ULTRA", which excites

photoelectrons using a monochromatic Al x-ray source. Emitted photoelectrons were

detected at a 90 take-off angle with respect to the sample surface. Spectra were obtained

from which the surface composition was determined by integrating the major peak areas

and applying the appropriate sensitivity factors. ESCA is quantitative and represents a

sampling depth of between 5 and 50 A depending upon the material being investigated and

the electron kinetic energy of the emitted atomic core-level electron within the material.

Water Vapor Uptake

Water vapor absorption was measured for the treated particles, untreated particles,

wood pulp (Pulp), and super absorbent polymer (SAP). Two grams of sample were

weighed into a vial and then placed in a glass jar to expose them to 30 °C and 50% relative

humidity. The vial was removed from the jar, capped, and weighed. Changes in weight

were measured at times indicated in the tables below and recorded.

Liquid Water Uptake

A porous frit filter was fitted to a conical flask with a side arm. The side arm was

connected to house vacuum. The frit was wet with water and vacuum was applied to dry

it. Particles (2 grams) were placed on the frit, and 10 mL of deionized water was injected

along the walls of the frit glass. The water was allowed to stand for 3 minutes in contact

with the particles. After 3 minutes vacuum was pulled through the side arm, and the water

that drained into the flask was weighed. The water uptake value was then calculated. The

procedure was repeated three times for each type of particle.

Particle Examples 1 to 4

A commercial parallel-plate capacitively coupled reactive ion etcher

(commercially available as Model 2480 from PlasmaTherm, St. Petersburg, Florida) was

used for plasma treatments of particles. The plasma treatments occurred while the sample



was in an ion sheath that was proximate an electrode. This reactor included a grounded

chamber electrode and a powered electrode. The chamber was cylindrical in shape with

an internal diameter of 762 mm (30 inches) and height of 150 mm (6 inches). A circular

electrode having a diameter of 686 mm (27 inches) was mounted inside the chamber and

attached to a matching network and a 3 kW RF power supply that was operated at a

frequency of 13.56 MHz. The chamber was vacuum pumped with a Roots blower backed

by a mechanical pump. Unless otherwise stated, the base pressure in the chamber was

0.67 Pa (5 mTorr). Process gases were metered into the chamber either through mass flow

controllers or a needle valve. All the plasma treatments were done by placing the sample

in a glass petri dish on the powered electrode of the plasma reactor.

The plasma treatment of the silica gel was done in two separate steps. In the first

step, the particles were treated in a tetramethylsilane (TMS) plasma to deposit an

organosilicon layer having attached methyl groups on the outer surface of the particles.

The second step was used to produce CF3, CF2, and CF groups on the surface using

perfluoropropane plasma.

Silica gel particles (Type A silica gel reported to have average pore diameters in a

range from about 2 to 3 nm, obtained from AGM Container Controls, Inc., part number:

920014) were placed in glass petri dishes to a depth of about 0.125-0.25 inches and placed

on the powered electrode of the PlasmaTherm reaction system. The chamber was

evacuated to a pressure of 10 mTorr ( 1.3 Pa), and tetramethylsilane was introduced at a

flow rate of 150 standard cubic centimeters per minute (seem) and a plasma was generated

at a power of 1000 Watts. The operation was carried out at room temperature, and the

process pressure was 50 mTorr (6.7 Pa). The duration of time when the plasma was on

during the first step was 10 minutes after which the gas was shut down, the chamber

vented, and the particles manually blended in the petri dishes. The chamber was pumped

again back down to less than 10 mTorr ( 1.3 Pa). Subsequently the tetramethylsilane vapor

was reintroduced at a flow rate of 150 seem, and the plasma was ignited and sustained at

1000 watts of power for another 10-minute time period. After this, the chamber was

vented again, desiccant particles manually blended, the chamber pumped down, the

tetramethylsilane vapor reintroduced, and the plasma sustained for a final 10-minute time

period. The total time period of plasma treatment with tetramethylsilane vapor was 30

minutes. After the end of the third plasma treatment with tetramethylsilane vapor,



perfluoropropane (C F ) gas was introduced into the chamber at a flow rate of 150 seem

and plasma reignited and sustained at 1000 watts for 10 minutes. The process pressure

was 50 mTorr (6.7 Pa). After this, the gas was shut down and the chamber vented to

atmosphere. The C3F8 plasma was repeated two more times with stirring of the particles

in the petri dishes by hand in between the 10-minute C3F8 plasma treatment steps. The

total time for the C3F8 plasma treatment was therefore also 30 minutes.

Examples 2 to 4 were each prepared according to the method of Example 1 except

using the total plasma treatment time indicated in Table 1, below. For each of Examples 2

to 4, the plasma was again ignited three times of equal, but the time period for sustaining

the plasma was altered to give the total treatment time shown in the table. Each of

Examples 1 to 4 was stored in a glass jar to avoid absorbing moisture before testing. Each

of Examples 1 to 4 passed the Floatation Test, described in the Test Methods section

above, with the percentage of floating particles provided in Table 1, below.

Table 1

Examples 1 to 4 were evaluated using ESCA according to the test method

described above. The results are shown in Table 2, below.



Table 2

Examples 1 to 3, untreated silica gel, a SAP (obtained from Sumitomo Seika,

Osaka, Japan, under the trade designation "AQUA KEEP SA60S"), and wood pulp

removed from a sanitary napkin obtained from Unicharm Corp. under the trade

designation "BODYFIT" were evaluated for water vapor uptake using the test method

described above. The results are shown in Table 3, below.

Table 3

aThe times measured for SAP and Pulp were 0, 1.03, 2.07, 3.13, 4.17, 5.33, 6.42, 22.6, and

23.63 hours.



Particle Examples 5 and 6

For both Examples 5 and 6, silica gel particles (obtained from AGM Container

Controls, Inc., part number: 920014) were treated using the following plasma treatment

method that allowed for mixing during the plasma treatment process. The chamber was

constructed from stainless steel and contained a horizontal mixing paddle that

continuously rotated at a speed of 6 revolutions/minute. The chamber was connected to a

root blower (Leybold, Model WSU 150) backed by a dry mechanical pump (Edwards,

Model DP40) through a cyclone separator and particle filter. A rectangular electrode, 8.5

inches (21.6 cm) by 15 inches (38.1 cm) was located above the silica gel particle bed and

connected to a 40 kHz generator (Advanced Energy, Model PE5000) to generate the

plasma. Approximately 1 cubic foot (5 kg) of particles were loaded into the chamber and

the chamber pumped down to a base pressure below 200 mTorr (26.7 Pa). The plasma

treatment was performed in two steps with tetramethylsilane and perfluoropropane

plasmas sequentially as in Example 1, except that the mixing of the particles was done

continuously during the plasma treatment step. First, tetramethylsilane vapor was

introduced into the chamber at a flow rate of 300 seem, and the plasma was ignited and

sustained at 500 watts of power for 4 hours. After this, the tetramethylsilane vapor flow

was terminated and the perfluoropropane flow established at 300 seem. Plasma was once

again ignited and sustained at a power of 500 watts for another two hours with the

perfluoropropane gas. For both tetramethylsilane and perfluoropropane, the pressure

during the plasma treatment was in the order of 500 to 1000 mTorr (66.7 to 133 Pa). Each

of Examples 5 and 6 passed the Floatation Test, described in the Test Methods section

above, with the visually estimated amount of floating particles being 90%.

Examples 1 to 3 and 5, untreated silica gel, a SAP (obtained from Sumitomo Seika

under the trade designation "AQUA KEEP SA60S"), and wood pulp removed from a

sanitary napkin obtained from Unicharm Corp. under the trade designation "BODYFIT"

were evaluated for water uptake using the test method described above. The results are

shown in Table 4, below.



Table 4

Water uptake (grams)

Particle Example 7

Example 7 was prepared as described in Examples 5 and 6 except

tetramethylsilane vapor was introduced into the chamber at a flow rate of 360 seem, and

the plasma was ignited and sustained at 500 watts of power for 60 minutes. No

perfluoropropane gas was introduced. Example 7 passed the Floatation Test, described in

the Test Methods section above, with 90% of the particles floating.

Illustrative Example 1 and Particle Examples 8 to 10

Silica gel particles (obtained from AGM Container Controls, Inc., part number:

920014) were treated using the apparatus 300 shown in Fig. 3A and 3B. The particle

agitator 320 was a 200-cc hollow cylinder (6 cm long x 5.5 cm diameter horizontal) with a

rectangular opening 328 (4.5 cm x 3.5 cm) at the top. The agitator 320 was fitted with a

shaft 326 aligned with its axis. The shaft had a rectangular cross section ( 1 cm x 1 cm) to

which are bolted four rectangular blades 322 which form a paddle wheel for the particles

being tumbled. The blades each contained two holes 324 to promote communication

between the particle volumes contained in each of the four quadrants formed by the blades

and agitator cylinder. The dimensions of the blades were selected to give side and end gap

distances of 4 mm with the agitator walls. The particle agitator had a gas inlet port 330 at

the bottom of the cylinder. The particle agitator 320 was placed in a vacuum chamber 340

connected to a mechanical pump 350 (obtained from Welch Vacuum Technology, Niles,

IL, under the trade designation "WELCH 1374 Mechanical Vacuum Pump").

Two liquid holder assemblies 360 were used to deliver vapor from the liquid

source to the vacuum chamber, one for dichlorodimethylsilane (DDMS) and a second for

de-ionized (DI) water. Each liquid holder assembly was made from a vacuum compatible

glass tube 362, 364 (obtained from MDC Vacuum Products, Hayward, CA) sealed off at

one end and an attached valve 366 (obtained from Swagelok Company, Solon, OH) to

control the on/off of the vapor source.



Silica gel particles were dried in an oven set to a temperature of 155 °F (68 °C)

overnight (i.e., more than 12 hours). 100 grams of the oven-dried silica gel particles were

placed in the particle agitator and the chamber was pumped down to 500 mTorr (66.7 Pa)

or less using pump 350. The pressure was measured by a convectron pressure gauge

mounted on the chamber. The chamber was disconnected from the vacuum pump by

closing the chamber valve. The valve connected to the DI water source was opened to let

water vapor inside the chamber. After the chamber pressure reached 4-5 Torr (533-667

Pa), the valve was closed. The particle agitator shaft was rotated at about 2 rpm. The

silica gel particles were exposed to water vapor for 20 minutes. After 20 minutes of water

vapor exposure the chamber was pumped down to 1 Torr (133 Pa) or less with the particle

agitation. The DDMS valve was then opened. DDMS has a vapor pressure of 135 Torr

(1.8 x 104 Pa) at 25 °C, so the liquid source did not need any external heating. In 30

seconds chamber pressure reached 3 Torr (400 Pa), and the DDMS valve was closed. The

silica gel particles were exposed to varying amounts of time to DDMS vapor in the

chamber by constant rotation of the agitator shaft. After the desired treatment time, the

chamber was evacuated and exposed to water vapor again for 2 minutes to remove any

remaining DDMS vapors. The chamber was again evacuated and vented to ambient

conditions after stopping the agitation process.

For Illustrative Example 1 and Particle Examples 8, 9, and 10, the exposure time to

DDMS vapor was 5, 10, 15, and 20 minutes, respectively. Each of Illustrative Example 1

and Particle Examples 8 to 10 were dried in oven at 155 °F (68 °C) overnight and stored in

a glass jar to avoid absorbing moisture before evaluation.

Illustrative Example 1 and Particle Examples 8 to 10 were evaluated using the

Floatation Test described in the Test Methods section above. For Illustrative Example 1,

40 to 50% of the treated particles floated. For Particle Examples 8 and 9, 70-80% of the

treated particles floated, and for Particle Example 10, 90% of the treated particles floated.

Illustrative Example (111. Ex.) 1 and Particle Examples 8 to 10 were evaluated

using ESCA according to the test method described above. The results are shown in Table

5, below.



Table 5

Illustrative Examples 2 and 3 and Particle Examples 11 and 12

Illustrative Examples 2 and 3 and Examples 11 and 12 were prepared using the

general method of Illustrative Example 1 and Particle Examples 8 to 10 with the following

modifications. A single layer of the oven-dried silica gel (40 grams) was placed in an

aluminum tray, which was placed in a humidity chamber at 30 °C and 80% relative

humidity for various times shown in Table 6, below, before a 5-minute DDMS vapor

treatment. No water vapor was used during the particle agitation and treatment. The time

of the humidity exposure and the weight of the silica gel before and after the humidity

exposure process are shown in Table 6, below.

Table 6



Each of Illustrative Examples 2 and 3 and Particle Examples 11 and 12 was dried

in oven at 155 °F (68 °C) overnight and stored in a glass jar to avoid absorbing moisture

before evaluation. Illustrative Examples 2 and 3 and Particle Examples 11 and 12 were

evaluated using the Floatation Test using the test method described above. For Illustrative

Example 2, 30-40% of the treated particles floated. For Illustrative Example 3, 50-60% of

the treated particles floated. For Particle Example 11, 80% of the treated particles floated,

and for Particle Example 12, 90% of the treated particles floated.

Illustrative Examples 2 and 3 and Particle Examples 11 and 12 and untreated silica

gel were evaluated for water vapor uptake using the test method described above with the

modification that the evaluation was carried out at 30 °C and 80% relative humidity. The

results are shown in Table 7, below.

Table 7

Illustrative Examples 2 and 3 and Examples 11 and 12, untreated silica gel, a SAP

(obtained from Sumitomo Seika under the trade designation "AQUA KEEP SA60S"), and

wood pulp removed from a sanitary napkin obtained from Unicharm Corp. under the trade

designation "BODYFIT" were evaluated for water uptake using the test method described

above. The results are shown in Table 8, below.

Table 8

Water uptake (grams)



Illustrative Example 4 and Particle Examples 13 to 15

Illustrative Example 4 and Particle Examples 13 to 15 were prepared using the

general method of Illustrative Example 1 and Particle Examples 8 to 10 with the following

modifications. A single layer of oven-dried silica gel (50 grams) was placed in an

aluminum tray, and then exposed to 30 °C and 80% relative humidity for various times

shown in Table 9, below before a 15-minute DDMS vapor treatment. No water vapor was

used during the particle agitation and treatment. The time of the humidity exposure and

the weight of the silica before and after the humidity exposure process are shown in Table

9, below.

Table 9

Each of Illustrative Example 4 and Particle Examples 13 to 15 were dried in oven

at 155 °F (68 °C) overnight and stored in a glass jar to avoid absorbing moisture before

evaluating.

Illustrative Example 4 and Particle Examples 13 to 15 were evaluated using the

Floatation Test using the test method described above. For Illustrative Example 4, 30-

40% of the treated particles floated. For Particle Examples 13 and 15, 95% of the treated

particles floated, and for Particle Example 14, 90% of the treated particles floated.



Illustrative Example 4 and Particle Examples 13 to 15 and untreated silica gel were

evaluated for water vapor uptake using the test method described above with the

modification that the evaluation was carried out at 30 °C and 80% relative humidity. The

results are shown in Table 10, below.

Table 10

Illustrative Example 4 and Particle Examples 13 to 15, untreated silica gel, a SAP

(obtained from Sumitomo Seika under the trade designation "AQUA KEEP SA60S"), and

wood pulp removed from a sanitary napkin obtained from Unicharm Corp. under the trade

designation "BODYFIT" were evaluated for water uptake using the test method described

above. The results are shown in Table 11, below.

Table 11

Water uptake (grams)

Particle Example 16

Example 16 was prepared according to the method of Illustrative Example 1 and

Particle Examples 8 to 10 except with the following modifications. Silica gel particles as

received were exposed to 90 °F and 90% relative humidity for 1 hour. There was a 4.9%

increase in weight. The humidified particles (100 grams) were loaded in the particle

agitator and the vacuum chamber was pumped down to 10 Torr ( 1.3 x 10 Pa) from the

ambient 760 Torr (1.0 x 105 Pa). After the chamber reached 10 Torr (1.3 x 10 Pa), it was



disconnected from the vacuum pump by closing the roughing valve. The particle tumbling

process was initiated, and the DDMS vapor valve was opened to the agitator. After 5

minutes, the DDMS valve was closed. The chamber was evacuated for 2 minutes to

remove HC1 vapors and any untreated silane vapors by opening the roughing valve.

Finally the chamber was vented with air and the treated sample was removed. Example 16

passed the Floatation Test, described in the Test Methods section above, with 99% of the

treated particles floating.

Illustrative Example 5

Illustrative Example 5 was prepared according to the method of Illustrative

Example 1 and Particle Examples 8 to 10 except with the following modifications. About

100 grams of as-received silica gel was loaded in the particle agitator inside the vacuum

chamber. The chamber was pumped down by opening the slow roughing valve. Once the

chamber pressure reached 10 Torr (1.3 x 10 Pa), the chamber was disconnected by

closing the roughing valve. The agitator was turned on, and the DDMS valve was open to

the particles for the vapor treatment. After 5 minutes of treatment, the chamber was

evacuated for 2 minutes and vented to ambient conditions. The treated particles were

removed. None of the treated particles of Illustrative Example 5 floated when evaluated

according to the Floatation Test method described above.

Illustrative Example 6

Illustrative Example 6 was prepared according to the method of Illustrative

Example 5 except the chamber was pumped down to 100 Torr (1.3 x 104 Pa), and the

DDMS treatment was carried out at 100 Torr (1.3 x 104 Pa) for 5 minutes. Three percent

of the treated particles of Illustrative Example 6 floated when evaluated according to the

Floatation Test method described above.

Illustrative Example 7

Illustrative Example 7 was prepared according to the method of Illustrative

Example 1 and Particle Examples 8 to 10 except with the following modifications. 100

grams of as-received silica gel was loaded in the particle agitator and placed in the

vacuum chamber. The chamber was pumped down to 120 mTorr (16 Pa). At this point



the chamber was isolated from the vacuum pumping system. Water vapor was admitted

from the liquid water source. The particle agitator was turned on to tumble the particle

bed. The chamber pressure increased to 2.50 Torr (333 Pa) from 120 mTorr (16 Pa) by

filling the water vapor. The particles were tumbled for 10 minutes at this pressure by

exposing to water vapor. After 10 minutes, air was let inside the chamber to increase the

pressure to 10 Torr (1.3 x 10 Pa). Once the chamber reached 10 Torr (1.3 x 10 Pa), the

vent valve was closed, and the DDMS vapor valve was open for 5 minutes to treat the

particles. After 5 minutes, the chamber was pumped down for 2 minutes and vented to

ambient conditions. Fifty percent of the treated particles of Illustrative Example 7 floated

when evaluated according to the Floatation Test method described above.

Illustrative Example 8

Illustrative Example 8 was prepared according to the method of Illustrative

Example 1 and Particle Examples 8 to 10 except with the following modifications. 100

grams of as-received silica gel was loaded in the particle agitator and placed in the

vacuum chamber. The chamber was pumped down to 500 mTorr (67 Pa). Particle

agitation was initiated, and water vapor was admitted to the chamber. The liquid water

holding assembly was heated with an external heater jacket to increase the water vapor

delivery to the chamber. The chamber pressure increased instantly to 11 Torr ( 1.5 x 103

Pa) when the water boiled. At this point the DDMS valve was opened to the chamber for

the treatment. After 5 minutes the chamber was evacuated for 2 minutes and vented with

air. Thirty-five percent of the treated particles of Illustrative Example 7 floated when

evaluated according to the Floatation Test method described above.

Particle Example 17

Particle Example 17 was prepared according to the method of Illustrative Example

8 except with the following modifications. The water vapor was admitted to the chamber

until the chamber reached 25 Torr (3.3 x 103 Pa). After 15 minutes of exposing the silica

gel particles to water vapor, the chamber was pumped down to 10 Torr (1.3 x 103 Pa), and

the DDMS treatment was carried out for 5 minutes at 10 Torr ( 1.3 x 103 Pa). After the

treatment the chamber was pumped out for 2 minutes and vented with air. Example 17



passed the Floatation Test, described in the Test Methods section above, with 90% of the

treated particles floating.

Illustrative Examples 5 to 8, Particle Example 17, and untreated silica gel were

evaluated for water vapor uptake using the test method described above with the

modification that the evaluation was carried out at 30 °C and 80% relative humidity. The

results are shown in Table 12, below.

Table 12

Illustrative Examples 5 to 8, Particle Examples 16 and 17, and untreated silica gel

were evaluated for water uptake using the test method described above with the following

modification. The weight of the water that drained into the flask was not measured, but

instead, the weight of the particles before and after the water exposure was measured. The

difference in weight of the particles before and after water exposure is shown in Table 13,

below.

Table 13

Water uptake (grams)



Particle Example 18 and Comparative Example 1

Particle Example 18 and Comparative Example 1 were prepared according to the

method of Illustrative Example 1 and Particle Examples 8-10 except with the following

modifications. The as-received particles were exposed to humidity (30 °C and 80%

relative humidity) before the DDMS vapor treatment. During the humidity exposure, the

mositure gain of a portion of the particles was checked every 10 to 20 minutes until it

reached 13.0 weight % for Example 18 and 5.9 weight % for Comparative Example 1.

About 1000 grams of the humidity-exposed silica gel were loaded in a particle agitator

inside the vacuum chamber. The particle agitator was a larger version of the particle

agitator used for Particle Examples 1 to 17 and Illustrative Examples 1 to 8 with a cylinder

12 inch (30.5 cm) long having a 7 inch (17.8 cm) diameter. The cylinder had a 11.25 inch

by 6.5 inch (28.6 cm by 16.5 cm) rectangular opening in the top. Each blade 322 was a

11.75 inch by 3.5 inch (29.8 cm by 8.9 cm) rectangle with holes. The chamber was

pumped down to 10 Torr ( 1.3 x 10 Pa). Then the agitator was turned on at 4 rotations per

minute (rpm), and the DDMS valve was open to the particles for a 5-minute vapor

treatment. After the 5-minute vapor treatment, the DDMS valve was closed, and the

particles were allowed to react with DDMS in the chamber for another 5 minutes. After

the 10 minutes of total treatment, the chamber was evacuated for 2 minutes and vented to

ambient conditions. The treated particles were removed and post-dried at 180 °C for 2

hours to remove the unreacted moisture adsorption in the particles. Both of Particle

Example 18 and Comparative Example 1 passed the Floatation Test, described in the Test

Methods section above, with greater than 95% of the treated particles floating.

Particle Example 18, Comparative Example 1, and untreated silica gel were

evaluated for moisture vapor uptake and water uptake using the test methods described

above. The water uptake evaluation was carried out with the following modification: the

weight of the water that drained into the flask was not measured, but instead, the weight of

the particles before and after the water exposure was measured. When the water uptake

evaluation was carried out, the difference in weight of the particles before and after water

exposure was 0.81 grams for untreated silica gel, 0.70 grams for Particle Example 18, and

0.61 grams for Comparative Example 1. The moisture vapor uptake evaluation was

carried out with the following modification: the evaluation was carried out at 30 °C and

80% relative humidity. The results for water vapor uptake are shown in Table 14, below.



Table 14

Particle Example 18, a particle similar to Particle Example 1, and untreated silica

gel were analyzed by time-of-flight secondary ion mass spectrometry (TOF-SIMS), using

an instrument obtained from ION-TOF GmbH, Munster, Germany, under the trade

designation "TOF.SIMS.5". The particle similar to Particle Example 1 was prepared using

the method described for Particle Example 1 except the treatment time with TMS plasma

was 60 minutes, and the treatment time with perfluoropropane plasma was 40 minutes.

High mass-resolution positive and negative ion analyses were performed using a pulsed 25

keV Bi+ primary ion beam, with a beam diameter of about 3 micrometers (µ η), and an

analysis area of 500 x 500 µιη. SIMS has monolayer sensitivity, with an analysis depth in

the range of 10 to 20 angstroms (A).

External surfaces of particles were analyzed by mounting a particle from each

Example or untreated silica gel on double stick tape. Particle cross sections were prepared

by placing individual particles under an optical microscope and splitting them with a clean

razor blade. This procedure resulted in random cleavage of the particles and was

sufficient to expose the interiors. Cross sections were mounted on double stick tape, with

the exposed interior sitting face-up for analysis.

The external surface of the untreated silica gel particle showed characteristic SIMS

silica ions: Si+, SiOH+, Si0 2-, Si0 2H-, Si0 3-, S1O3H-, Si20 H-, as well as other minor

ions of type SixOyH - . Traces of Na, Fe, Ba, hydrocarbons, S, and CI were also present on

the surface. Very little fluorine or silane or siloxane ions were observed.



The external surfaces of the particle similar to Particle Example 1 showed

numerous fluorocarbon ions, including CF+, CF2H+, CF3+, C3F3+, C2F +, C3F +, C3F +,

F-, F2-, F2H-, CF3-, CF30-, C3F3-, C4F9-, and other minor ions of type CxFy+ and CxFy- .

The level silica ions on the surface was extremely low.

The external surfaces of Particle Example 18 showed the same characteristic silica

ions detected on the untreated silica gel particles, but additionally there were ions

indicative of the silane treatment: CH3Si+, (CH3)3Si+, CH3SiO-, CH3Si0 2-, and

polydimethylsiloxane ions ( 117+, 133+, 147+, 207+, 221+, 281+, 325+, 149-, 223-). The

chlorine level was higher than on the untreated silica gel external surface, roughly a factor

of3.

Cross sections of both the particle similar to Particle Example 1 and Particle

Example 18 showed the same characteristic silica ions detected on the untreated silica gel

external surface, with little or no fluorine or silane. The only ion on the interior which

was slightly elevated in comparison to the untreated silica gel particle is F- at m/z 19 on

Example 5 . There were no detectable fluorocarbon ions on the interior.

To compare the treated particles in a semi-quantitative manner, the counts of

various ions of representative of species of interest were ratioed to ions representative of

the silica background. For the particle similar to Particle Example 1, the ratios

CF2+/29Si+, F-/Si0 2-, and F2-/Si0 2- were selected. The results of the ion counting for the

positive ions suggested that there is a decrease in F- signal going from the surface to the

interior of roughly a factor of 1000. For Particle Example 18, the ratios CH3Si+/SiOH+,

[CH3SiO- + CH3Si0 2-] / [Si0 2H- + Si0 3- + Si0 3H-], and Cl-/Si0 2- were selected. The

results of the ion counting for the positive ions suggested that there is a decrease from

surface to interior is roughly a factor of 200. There is always some background signal at

every mass in SIMS, and this limits the dynamic range. Similar results were observed for

the ion counting of the negative ions.

Particle Example 19

Example 19 was prepared according to the method of Illustrative Example 1 and

Particle Examples 8 to 10 except with the following modifications. The silica gel particles

were irregular shaped particles with a particle size range from 0.08 mm to 0.6 mm

(obtained from AGM Container Controls, Inc., part number: 920010). The particles were



white with 2.5% blue indicator. The as-received particles were exposed to humidity (30

°F and 80% relative humidity) before the DDMS vapor treatment. During the humidity

exposure, the mositure gain of a portion of the particles was checked every 10 to 20

minutes until it reached 5.8 weight %. About 940 grams of the humidity-exposed silica

gel was loaded in the larger particle agitator described in Particle Example 18 inside the

vacuum chamber. The chamber was pumped down to 10 Torr (1.3 x 10 Pa). Then the

agitator was turned on at 6 rpm, and the DDMS valve was open to the particles for the

vapor treatment. During the first 10 minutes, the chamber pressure reached 11 Torr (1.5 x

103 Pa), and 20.8 grams of DDMS were consumed. Then the DDMS valve was closed and

the chamber was evacuated for 2 minutes and vented to ambient conditions. A sample of

the particles was taken and evaluated using the Floatation Test, with 20% of the particles

floating. The chamber was pumped down again to 10 Torr (1.3 x 103 Pa). Then the

agitator was turned on at 6 rpm, and the DDMS valve was open for 10 minutes to the

particles for the vapor treatment. The chamber pressure reached 12.5 Torr (1.7 x 103 Pa),

and 19.3 grams of DDMS were consumed. Then the DDMS valve was closed and the

chamber was evacuated for 2 minutes and vented to ambient conditions. A sample of the

particles was taken and evaluated using the Floatation Test, with 50% of the particles

floating. The chamber was pumped down again to 10.5 Torr (1.4 x 103 Pa). Then the

agitator was turned on at 6 rpm, and the DDMS valve was open for 10 minutes to the

particles for the vapor treatment. The chamber pressure reached 15.6 Torr (2.0 x 103 Pa),

and 17.2 grams of DDMS were consumed. Then the DDMS valve was closed and the

chamber was evacuated for 2 minutes and vented to ambient conditions. A sample of the

particles was taken and evaluated using the Floatation Test, with 95% of the particles

floating. The treatment was stopped after a total of 30 minutes of exposure time and 57.3

grams of consumed DDMS. The treated particles were removed, sieved, and post-dried at

150 °C for 8 hours to remove the unreacted moisture adsorption in the particles.

Particle Example 20

Particle Example 20 was prepared according to the method of Illustrative Example

1 and Particle Examples 8-10 except for the following modifications. The silica gel

particles were white, irregular shaped particles having a particle size range from 0.2 mm

to 1.0 mm (obtained from International Silica Gel Co. LTD, Shandong, China). The as-



received particles were exposed to humidity (30 °F and 80% relative humidity) before the

DDMS vapor treatment. During the humidity exposure, the mositure gain of a portion of

the particles was checked every 10 to 20 minutes until it reached 6.0 weight %. About

1060 grams of the humidity-exposed silica gels were loaded in the particle agitator

described in Particle Example 18 inside the vacuum chamber. The chamber was pumped

down to 10 Torr ( 1.3 x 10 Pa). Then the agitator was turned on at 12 rpm, and a mass

flow controller set at 0.7 was used as the DDMS valve. The DDMS valve was open for 32

minutes to the particles for the vapor treatment. The chamber pressure reached 12.5 Torr

(1.7 x 103 Pa), and 32.6 grams of DDMS were consumed. Then the DDMS valve was

closed, and the chamber was evacuated for 2 minutes and vented to ambient conditions.

The treated particles were removed and post-dried at 150 °C for 8 hours to remove the

unreacted moisture adsorption in the particles. Particle Example 20 passed the floatation

test, described in the Test Methods section above, with 100% of the treated particles

floating on the surface.

Comparative Example 2

About 2 kilograms of silica gel (obtained from AGM Container Controls, Inc.,

Tucson, AZ, part number: 920014) was treated by using 1 liter/minute of NF3 gas at a

pressure of between 1 to 1.5 torr (130 to 200 Pa). Plasma was created by using a remote

plasma source obtained from MKS Instruments, Wilmington, MA, Model Astex-Astron

eX. The base pressure in the chamber was below 0.1 torr (13 Pa) before introduction of

the gas. The silica gel particles were treated for 30 minutes. Comparative Example 2 was

subjected to the floatation test, described in the Test Methods section above, with the

modification that a few particles were sprinkled into a vial containing water. All of the

particles sank in the water and reacted with a crackling sound.

Measurement of Relative Humidity

An apparatus 200, as shown in Figs. 2A and 2B, was built to simulate actual

wearing conditions of absorbent articles. The apparatus was made from two

polycarbonate frames 202 with dimensions of 4 inches (10 cm) by 8 inches (20 cm). A

sanitary napkin 206 (obtained from Unicharm Corp., Minato-Ku, Tokyo, Japan, under the



trade designation "HADAOMOI") attached to an underwear pant 204 (obtained from

Unicharm Corp. under the trade designation "NaturalFIT", medium size, 87% cotton, 13%

polyester) was placed between the frames 202 with the sanitary napkin 206 exposed. A

traceable hydrometer/ thermometer (temperature/humidity probe 216) obtained from

Traceable Calibration Control Company, CarroUton, TX, S/N 80174650 was placed on the

sanitary napkin 206 to measure the humidity in the environment. The top frame 202 was

sealed with a portion of diaper backsheet microporous film 208 of a sanitary napkin

obtained from Unicharm Corp. under the trade designation "BODYFIT". A damp towel

210 was placed over the film to simulate perspiration from skin. The whole apparatus was

then covered with polyethylene film 212. A heating pad 214 was placed on top of the

apparatus, turned on, and adjusted to provide a temperature of 36 °C. The apparatus was

then opened and 2 grams of particles 205 were placed in the central portion of the sanitary

napkin 206. The apparatus was closed, and the humidity was immediately recorded to

provide the humidity at 0 minutes. After 30 minutes 1.5 mL of liquid 218 (either sheep

blood or saline solution) was injected with a syringe at a spot 35 mm away from the probe

216. The sheep blood was a mixture of 40%> by volume sheep blood and 60%> by volume

BHI bacterial growth media, both of which were obtained from Biomerieux, Inc., Durham,

NC. Injections of 1.5 mL of sheep blood or saline solution were repeated every 30

minutes for the duration of the evaluation shown in the tables, below. The probe 216 was

connected to the personal computer with serial cable, and then relative humidity was

monitored every 30 seconds with software obtained from Traceable Calibration Control

Company under the designation "DATA ACQUISITION SYSTEM". The sanitary napkin

206 was removed at the end of the evaluation for visual inspection.

Absorbent Article Examples 1 to 4 and Comparative Example A

The particles of Particle Examples 1 to 4, untreated silica gel, and a control having

no particles were evaluated using the Measurement of Relative Humidity test method

described above. A sanitary napkin having no silica gel particles placed on it was used as

the control. Sheep blood was the injected fluid. The results are shown in Table 15, below.



Table 15

Absorbent Article Examples 5 to 8 and Comparative Example B

The particles of Particle Examples 1 to 3, untreated silica gel, and a control having

no particles were evaluated using the Measurement of Relative Humidity test method

described above with the modification that the sanitary napkin obtained from Unicharm

Corp. under the trade designation "BODYFIT" was used instead of the "HADAOMOl"

sanitary napkin. A sanitary napkin having no silica gel particles placed on it was used as

the control. These sanitary napkins contained no SAP. Particle Example 1 particles were

also evaluated at a level of 3 grams instead of 2 grams. Sheep blood was the injected

fluid. The results are shown in Table 16, below.



Table 16

Absorbent Article Ex. 9 and Comparative Example C

The particles of Particle Example 1, untreated silica gel, and a control were

evaluated using the Measurement of Relative Humidity test method described above. A

sanitary napkin having no silica gel particles placed on it was used as the control. The

evaluation was carried out for a longer time than for Absorbent Article Examples 1 to 8,

shown above. The results are shown in Table 17, below. In the table "n.d." means not

determined.



Table 1

Absorbent Article Examples 10 to 12

Various amounts of Particle Example 1particles were evaluated using the

Measurement of Relative Humidity test method described above. A sanitary napkin

having no silica gel particles placed on it was used as the control. The evaluation was

carried out using the amounts of Example 1particles shown in Table 18, below. Saline

solution, 0.9 weight% sodium chloride in deionized water, was used as the injected fluid.

The results are shown in Table 18, below.



Table 18

Absorbent Article Examples 13 to 15

Particle Example 1 particles in various locations in the sanitary napkin were

evaluated using the Measurement of Relative Humidity test method described above. A

sanitary napkin having no silica gel particles placed on it was used as the control. The

locations were under the pulp, just above the pulp, and just below the topsheet. Saline

solution, 0.9 weight% sodium chloride in deionized water, was used as the injected fluid.

The results are shown in Table 19, below.



Table 19

Absorbent Article Examples 16 to 18 and Comparative Example D

The particles of Particle Examples 1, 5, and 6, untreated silica gel, and a control

were evaluated using the Measurement of Relative Humidity test method described above.

A sanitary napkin having no silica gel particles placed on it was used as the control.

Sheep blood was the injected fluid. The results are shown in Table 20, below.

Table 20



Absorbent Article Examples 19 to 22 and Comparative Example E

The particles of Illustrative Example 1 and Particle Examples 8 to 10, untreated

silica gel, and a control were evaluated using the Measurement of Relative Humidity test

method described above. A sanitary napkin having no silica gel particles placed on it was

used as the control. Sheep blood was the injected fluid. The results are shown in Table

21, below.

Table 2 1

Absorbent Article Examples 23 to 25 and Comparative Example F

The particles of Illustrative Example 2 and Particle Examples 11 and 12, untreated

silica gel, and a control were evaluated using the Measurement of Relative Humidity test

method described above. A sanitary napkin having no silica gel particles placed on it was

used as the control. Sheep blood was the injected fluid. The results are shown in Table

22, below.



Table 22

Absorbent Article Examples 26 to 29 and Comparative Example G

The particles of Illustrative Example 4 and Particle Examples 13 to 15, untreated

silica gel, and a control were evaluated using the Measurement of Relative Humidity test

method described above. A sanitary napkin having no silica gel particles placed on it was

used as the control. Sheep blood was the injected fluid. The results are shown in Table

23, below.

Table 23



Absorbent Article Examples 30 to 32 and Comparative Example H

The particles from Particle Examples 12, 15, and 7, untreated silica gel, and a

control were evaluated using the Measurement of Relative Humidity test method

described above. A sanitary napkin having no silica gel particles placed on it was used as

the control. Sheep blood was the injected fluid. The results are shown in Table 24, below.

Table 24

Absorbent Article Examples 33 and 34 and Comparative Example I

The particles of Particle Examples 7 and 16, untreated silica gel, and a control

were evaluated using the Measurement of Relative Humidity test method described above.

A sanitary napkin having no silica gel particles placed on it was used as the control.

Sheep blood was the injected fluid. The results are shown in Table 25, below.



Table 25

Absorbent Article Examples 35 to 40 and Comparative Example J

The particles of Illustrative Examples 5 to 8 and Particle Examples 16 and 17,

untreated silica gel, and a control were evaluated using the Measurement of Relative

Humidity test method described above. A sanitary napkin having no silica gel particles

placed on it was used as the control. Sheep blood was the injected fluid. The results are

shown in Table 26, below.



Table 26

Absorbent Article Examples 4 1 and 42 and Comparative Example

The particles of Particle Example 18 and Comparative Example 1, untreated silica

gel, and a control were evaluated using the Measurement of Relative Humidity test

method described above. The sanitary napkins (obtained from Unicharm Corp., Minato-

Ku, Tokyo, Japan, under the trade designation "BODYFIT") were used instead of the

"HADAOMOI" sanitary napkin. A sanitary napkin having no silica gel particles placed

on it was used as the control. Sheep blood was the injected fluid. The results are shown

in Table 27, below.



Table 27

Absorbent Article Examples 43 and 44 and Comparative Examples L and M

The particles of Particle Examples 19 and 20, untreated silica gel, and a control

were evaluated using the Measurement of Relative Humidity test method described above.

Sanitary napkins (obtained from Unicharm Corp., Minato-Ku, Tokyo, Japan, under the

trade designation "BODYFIT") were used instead of the "HADAOMOI" sanitary napkin.

A sanitary napkin having no silica gel particles placed on it was used as the control. For

Comparative Example L, the untreated silica gel was the silica gel used to make Particle

Example 19. For Comparative Example M, the untreated silica gel was the silica gel used

to make Particle Example 20. Sheep blood was the injected fluid. The results are shown

in Table 28, below.



Table 28

Absorbent Article Example 45 and Comparative Example N

The particles of Particle Example 20, untreated silica gel used to prepare Particle

Example 20, and a control were evaluated using the Measurement of Relative Humidity

test method described above. Sanitary napkins containing a significant amount of SAP in

the pulp core area, obtained from Kao Corp., Chuo-ku, Tokyo, Japan under the trade

designation "LAURIER F", were used instead of sanitary napkins obtained from

Unicharm Corp. under the trade designation "HADAOMOI". A sanitary napkin having no

silica gel particles placed on it was used as the control. Sheep blood was the injected

fluid. The results are shown Table 29, below.

Table 29



Tea Bag Water Uptake

This test method was used to evaluate the water absorption capacity of the treated

porous particles for some of the following examples. The tea bag was made of nylon

fabrics with sieve opening of 57 microns (255mesh), cut 2 inches (5.1 cm) wide by 6

inches (15.2 cm) long and folded to make 2 inch (5.1 cm) wide by 3 inch (7.6 cm) long tea

bag. The sides of the tea bag were heat sealed. The inner dimension is 3 inch (7.6 cm)

long by 1.5 inch (3.8 cm) wide. The following procedure was used. Deionized water (400

mL) was placed in a cup at room temperature (75 °F, 24 °C). Two grams of particles were

placed into the tea bag. The tea bag was dipped into the deionized water cup and held for

3 minutes. The tea bag was removed and drained for 1 minute. The wet weight of the tea

bag with the particles inside was determined. The procedure was repeated without loading

particles in to get the wet weight of the tea bag. The particle loaded tea bag and the empty

tea bag were squeezed in between two tetrafolded paper towels and then weighed to find

the "wiped" weight. Three replicates were used for each sample. The water absorption

capacity was determined using the following equation:

Water absorption capacity (g/g) = (wiped weight of tea bag with particles in - wiped

weight of tea bag without particles in - dry particle weight)/dry particle weight.

Ammonia Odor Evaluation

The Ammonia Odor Evaluation was carried out for some of the following

examples. One gram of treated or untreated activated carbon or silica gel was first placed

in a plastic cap (2 inches diameter). Then the particle loaded cap was placed in an 8-oz

wide-mouth glass jar. Five milliliters of 0.1 wt% ammonium hydroxide solution was

added by pipette into the wide-mouth glass jar against the inner wall to make sure the

solution was not touching the particles. The ammonia odor test was conducted by using

the Drager tubes after allowing 30 minutes for the particles to adsorb the odor. Dry and

wet samples each were tested. The wet samples were prepared as follows. One gram of

the dry particle was put in a tea bag described above. Then the particle loaded tea bag was

dipped into 0.9 wt% saline solution for three minutes. Then the tea bag was pulled out

and drained for one minute and the water stuck between the particles was wiped by

squeezing the particles in the bag in between paper towels. The wiped the samples were

collected for the ammonia odor test as the wet samples.



Particle Examples 1 and 22

Particle Examples 2 1 and 22 was prepared according to the method of Illustrative

Example 1 and Particle Examples 8-10 except for the following modifications. The silica

gel particles for Example 2 1 were Type B silica gel particles having a particle size range

from 1 mm to 3 mm (obtained from Toyota Kako Co. Ltd., Cas. No.: 7631-86-9), and the

silica gel particles for Example 22 were Type B silica gel particles having a particle size

range from 0.5 mm to 1.5 mm (obtained from International Silica Gel Co. Ltd).

An electropolished stainless steel bubbler was used to deliver vapor from the liquid

source to the vacuum chamber instead of the glass tube. The bubbler was a tall cylindrical

sealed vessel, the top of which had a fill port, a vapor space port, and a dip tube port. The

DDMS was filled through the fill port, and the fill port was sealed with a metal seal plug.

The valve connected to the dip port was also sealed with a metal seal plug. After filling

the bubbler with DDMS, the valve to dip tube and the fill ports were closed. Only the

vapor space valve was used to deliver the DDMS vapor to the vacuum chamber for the

reaction. Additional valves were attached to control the on/off of the vapor source. The

bubbler was maintained at ambient temperature (i.e. 22-24 °C).

The silica gel particles for each of Particle Examples 2 1 and 22 (with weights

shown in Table 30) were exposed to water vapor in a humidity oven until they had taken

up 6 and 5 weight percent, respectively. The particles were then loaded into the particle

agitator and placed in the vacuum chamber. The chamber was pumped down to the

indicated pressure using a rotary pump and then disconnected from the vacuum pump by

closing the chamber valve. The initial weight of DDMS container was recorded, and then

the DDMS valve was opened to treat the particles. After the desired treatment time, the

final weight of the DDMS container was recorded and is reported in Table 30, below. The

difference of initial and final weight is noted as the amount of DDMS consumed for

treatment of the particles. The treated particles were oven dried at 150 °C before

evaluation.



able 30

Particle Examples 2 1 and 22 and the untreated silica gel used as starting materials

for Particle Examples 2 1 and 22, exposed to humidity to a weight increase of 0.38% and

2%> by weight, respectively, were evaluated using the Floatation Test, the Liquid Water

Uptake evaluation, and Tea Bag Water Uptake evaluation described above, with the

exception that only one replicate was used in the Tea Bag Water Uptake evaluation. The

results are summarized in Table 31, below.

Table 3 1

Particle Examples 2 1 and 22 and the untreated silica gel used as starting materials

for Particle Example 2 1 were evaluated using the Water Vapor Uptake procedure

described above except that water vapor uptake was measured at 30 °C and 90%> relative

humidity. The results are shown in Table 32, below.

Table 32



ESCA was carried out on the treated particles of Example 22 using the method

described above. The depth profiling results showed a 45-nm thick hydrophobic coating

on the exterior particle surface, leaving the interior surfaces of the pores substantially

untreated and hydrophilic.

Particle Examples 23 to 24

The silica gel particles treated in Examples 23 and 24 were Type B silica gel

having a particle size range of 0.5 mm to 1.5 mm (obtained from International Silica Gel

Co., Ltd.). The process described in Examples 2 1 and 22 was carried out except using the

apparatus as described generally in Fig. 3C. The DDMS vapor carrying tube was fitted

with a nozzle 380. The nozzle 380 had an outer diameter of 0.5 inches ( 1.3 cm) and the

DDMS vapor carrying tube had an outer diameter of 0.25 inches (0.64 cm). The inner

tube was left open ended inside the nozzle 380, and finally the nozzle 380 was connected

to the bottom of the particle agitator through a 0.25 -inch (0.64-cm) polyethylene tube 382.

The nozzle 380 was connected to a water vapor delivery source outside of the vacuum

chamber through a different port. The flow rate of nitrogen shown in Table 33 was

bubbled through the water bubbler 368 to produce the water vapor source in the nozzle

380. Other process parameters are also shown in Table 33, below.

Table 33

Particle Example 25

Particle Example 25 was prepared as described for Particle Example 22 with the

exceptions that the process details shown in Table 33 were used.

Particle Examples 23-25 and the untreated silica gel used as the starting material

for Particle Examples 23-25, exposed to humidity to a weight increase of 1.4% by weight,



were evaluated using the Floatation Test, the Liquid Water Uptake evaluation, and Tea

Bag Water Uptake evaluation described above. The results are summarized in Table 34,

below.

Table 34

Particle Examples 23-25 and the untreated silica gel used as the starting material

for Particle Examples 23-25 were evaluated using the Water Vapor Uptake procedure

described above except that water vapor uptake was measured at 30 °C and 90% relative

humidity. The results are shown in Table 35, below.

Table 35

Particle Example 23 and the untreated silica gel used as the starting material for

Particle Examples 23-25 were evaluated using the Ammonia Odor Evaluation procedure

described. The procedure for evaluating wet samples was used. The results are shown in

Table 36, below.

Table 36



Particle Example 26

The silica gel particles treated in Particle Example 26 were Type B silica gel

having a particle size range of 0.5 mm to 1.5 mm (obtained from International Silica Gel

Co., Ltd.). An amount of 50 grams of as-received silica gel was loaded into the 200-cc

agitator used for Illustrative Example 1 and Particle Examples 8 to 10, and the chamber

was pumped down to 100 Torr ( 1.3 x 104 Pa). Ethanol vapor was admitted in to the

chamber through the vapor port at the bottom of the agitator. After 10 minutes, the sample

was removed from the agitator and the absorbed ethanol content was measured with the

moisture balance. The ethanol content was 8.19%. An amount of 55.2 grams of the

ethanol pre-absorbed silica gel was loaded into the 200-cc agitator and the chamber was

again pumped down to 100 Torr ( 1.3 x 104 Pa). The DDMS treatment was carried out

using the method described for Particle Examples 23 and 24 above except using a nitrogen

flow rate of 0 .1 liter/minute. The weight of DDMS consumed after the treatment was 5 .6

grams. The treated samples were unloaded and dried at 150 °C for 10 minutes. Particle

Example 26 was evaluated using the Floatation Test, the Liquid Water Uptake evaluation,

and Tea Bag Water Uptake evaluation described above. In the Floatation Test, 100% of

the particles in the sample floated. In the Liquid Water Uptake evaluation, a water uptake

of 0.92 g/2g was calculated. In the Tea Bag Water Uptake evaluation, a water uptake of

0.37 g/g was calculated.

Particle Example 26 was evaluated using the Water Vapor Uptake procedure

described above except that water vapor uptake was measured at 30 °C and 90%> relative

humidity. The results are shown in Table 37, below.

Table 37

Particle Examples 27 and 28

For Particle Examples 27 and 28, two different activated carbon samples were

used. For Particle Example 27, the activated carbon had a large particle size distribution

of 12x20 mesh (1.68 mm x 0.85 mm), and for Particle Example 28, the activated carbon

had a small particle size distribution of 30 x 70 mesh (0.60 mm x 0.21 mm). Both of the



carbon particles were obtained from Kuraray Chemical Co. Ltd, Japan. Particle Examples

27 and 28 were prepared according to the procedure of Particle Examples 23 and 24, with

the process parameters shown in Table 38, below.

Table 38

Particle Examples 27 and 28 and the untreated activated carbon used as the starting

material for Particle Examples 27 and 28 were evaluated using the Liquid Water Uptake

evaluation and Tea Bag Water Uptake evaluation described above, with the exception that

the Tea Bag Water Uptake evaluation was carried out with only one replicate. The results

are summarized in Table 39, below.

Table 39



Particle Examples 27 and 28 and the untreated activated carbon used as the starting

material for Particle Examples 27 and 28 were evaluated using the Water Vapor Uptake

procedure described above except that water vapor uptake was measured at 35 °C and 80%

relative humidity. The results are shown in Table 40, below.

Table 40

Particle Example 28 and the untreated activated carbon used as the starting

material for Particle Example 28 were evaluated using the Ammonia Odor Evaluation

procedure described. The procedures for evaluating both dry wet samples were used. The

results are shown in Table 41, below.

Table 4 1



All patents and publications referred to herein are hereby incorporated by reference

in their entirety. Various modifications and alterations of this disclosure may be made by

those skilled in the art without departing from the scope and spirit of this disclosure, and it

should be understood that this disclosure is not to be unduly limited to the illustrative

embodiments set forth herein.



What is claimed is:

1. A treated porous particle comprising an external surface and interior pore surfaces,

wherein at least a substantial portion of the external surface of the treated porous particle

comprises hydrophobic groups, and wherein the interior pore surfaces are substantially

untreated.

2 . The treated porous particle according to claim 1, wherein the hydrophobic groups

comprise at least one of alkyl or aryl groups, wherein alkyl and aryl are each optionally

substituted with fluorine.

3 . A treated porous particle comprising an external surface and interior pore surfaces,

wherein at least a portion of the external surface of the treated porous particle comprises

hydrophobic groups, the hydrophobic groups comprising at least one of alkyl or aryl

groups, wherein the alkyl and aryl groups are substituted with fluorine, and wherein the

interior pore surfaces are at least partially hydrophilic.

4 . The treated porous particle according to any preceding claim, wherein the hydrophobic

groups comprise siloxanes having alkyl groups, aryl groups, or combinations thereof.

5 . The treated porous particle according to any preceding claim, wherein the treated

porous particle is a silica gel particle with the external surface having up to 5 atomic

percent silicon atoms up to a depth of 50 angstroms, as determined by x-ray photoelectron

spectroscopy.

6 . A plurality of particles comprising the treated porous particle according to any

preceding claim.

7 . The plurality of particles according to claim 6, wherein when the plurality of particles

is sprinkled on a surface of water to form a single layer, at least 75 percent of the plurality

of particles float on the surface of the water, and the plurality of particles absorbs at least



20 percent of their weight of water vapor after 24 hours at 30 °C and 50 percent relative

humidity.

8. The plurality of particles according to claim 6 or 7, wherein the plurality of particles

has a water vapor uptake at 30 °C and 80 percent relative humidity that is at least 60

percent of the water vapor uptake of a comparative plurality of particles that do not

comprise the hydrophobic groups.

9 . The plurality of particles according to any one of claims 6 to 8, wherein when at least a

portion of the plurality of particles is exposed to aqueous liquid, the plurality of particles

decreases relative humidity to a greater extent than a comparative plurality of particles that

do not comprise the hydrophobic groups.

10. The plurality of particles according to any one of claims 6 to 9, wherein the plurality

of particles is substantially free of particles wherein the external surface and the interior

pore surfaces are both treated with hydrophobic groups.

11. The plurality of particles according to any one of claims 6 to 10, further comprising at

least one of untreated desiccant particles or a color-change indicator.

12. The plurality of particles according to any one of claims 6 to 11, further comprising

absorbent particles or fibers comprising at least one of superabsorbent polymers,

hydrophilic nonwovens, or wood pulp.

13. An absorbent component comprising an absorbent material in combination with the

plurality of particles according to any one of claims 6 to 12.

14. An absorbent article comprising a liquid permeable topsheet, a liquid impermeable

backsheet, and at least one of the absorbent component according to claim 13 or the

plurality of particles of claim 12 between the topsheet and the backsheet.



15. Use of a treated porous particle according to any one of claims 1 to 5 or the plurality

of particles according to any one of claims 6 to 1 as a desiccant.

16. Use of a treated porous particle according to any one of claims 1 to 5 or the plurality

of particles according to any one of claims 6 to 12 as an odor-control agent.
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