wo 2010/053959 A2 I 0T OO0 O OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual Property Organization /5% o
(19) ual Property Organization. /g 1IN 0N AU 000 000 0000 1
International Bureau S,/ )
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
14 May 2010 (14.05.2010) PCT WO 2010/053959 A2
(51) International Patent Classification: (US). ZASTERA, Dustin [US/US]; 413 West 12th
CO01B 31/08 (2006.01) B01J 20/10 (2006.01) Street, Hastings, Minnesota 55033 (US).
B01J 20/02 (2006.01
01J20/02( ) (74) Agent: PAULY, Daniel M.; Pauly, Devries Smith &
(21) International Application Number: Deffner, L.L.C., Plaza VII, Suite 3000, 45 South Seventh
PCT/US2009/063232 Street, Minneapolis, Minnesota 55402-1630 (US).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
4 November 2009 (04.11.2009) kind of national protection available): AE, AG, AL, AM,
- . AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(25) Filing Language: Fnglish CA. CHL, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
L. HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(30) Priority Data: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
61/111,207 4 November 2008 (04.11.2008) Us ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
(71) Applicant (for all designated States except US): DON- NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
ALDSON COMPANY, INC [US/US]; 1400 West 94th SE, 5G, SK, SL, SM, ST, 8V, 8Y, TJ, TM, TN, 1R, TT,
Street, P.O. Box 1299, Minneapolis, Minnesota TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
55440-1299 (US). (84) Designated States (unless otherwise indicated, for every
(72) Inventors; and kind of regional protection available): ARIPO (BW, GH,
(75) Inventors/Applicants (for US only): ELSAYED, Yehya GM, KE, LS, MW, MZ, NA, SD, SL, 8Z, TZ, UG, ZM,
A. [LB/US]; 10700 Hampshite Avenue South, #121, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
Bloomington, Minnesota 55438 (US). DALLAS, An- TM), European (AT, BE, BG, CIL, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

drew J. [US/US]; 5015 148th Path, Apple Valley, Min-
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

nesota 55124 (US). JORIMAN, Jon D. [US/US]; 3006
Ontario Road, Little Canada, Minnesota 55440-1299

[Continued on next page]

(54) Title: CUSTOM WATER ADSORPTION MATERIAL

(57) Abstract: The technology dis-
closed herein is directed to control-

60 ling humidity levels, such as the hu-
midity level in an enclosed environ-
50 - ment. The water isotherm of the ad-
‘g sorbent material is  customized
£ 40 | through the modification of the sur-
a face chemistry of the adsorbent. By
3 moditying the surface chemistry of

Xx 30 . .
© 1 the adsorbent in various ways and to
o ~o—Carbon C varying degrees, it is possible to cus-
] 20 1 —— Carbon C-O tomize the adsorbent properties to a
g range of different humidity levels.
10 Such modification can enhance the
adsorbing capacity and efficiency of
0 = 1 — ' the adsorbent, especially with regard
0 20 40 60 80 100 to low molecular weight water-solu-

RH (%) ble compounds.
Figure 2

Effect of oxidation on water adsorption isotherm of the Carbon C
and Carbon C-O carbons. Carbon C-O represents the 24 hr, 10% nitric acid treated carbon.



WO 2010/053959 A2 I 000000 U0 AU A0 AU A

TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, __
ML, MR, NE, SN, TD, TG).

Published:

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

with information concerning incorporation by reference
of missing parts and/or elements (Rule 20.6)



10

15

20

WO 2010/053959 PCT/US2009/063232

CUSTOM WATER ADSORPTION MATERIAL

This application is being filed as a PCT International Patent application on
November 4, 2009 in the name of Donaldson Company, Inc., a U.S. national corporation,
applicant for the designation of all countries except the U.S., and Yahya A. Elsayed, a
Citizen of Lebanon, Andrew J. Dallas, a U.S. Citizen, Jon D. Joriman, a U.S. Citizen, and
Dustin Zastera, a U.S. Citizen, applicants for the designation of the U.S. only, and claims
priority to U.S. Patent Application Serial Number 61/111,207, filed November 4, 2008;

the contents of which are herein incorporated by reference.

Field of the Invention

The current technology relates to adsorbent materials. More particularly the
current technology relates to customizable adsorbent materials. Even more particularly,

the current technology relates to customizable water adsorption materials.

Background

Various situations require conditions that allow the ability to control the amount
of moisture in the air. For example, applications within enclosures that contain sensitive
electronic components and equipment often require that moisture levels within the
enclosure be maintained and regulated to operate consistently. An improper level of
moisture can interfere with mechanical and electrical operations of the components and
equipment. In another example, it can be desirable to eliminate contaminant compounds
within the enclosed environment that are water soluble, such as inorganic salts. In these

situations, removing water can reduce the amount of the contaminant compound freely
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circulating within the enclosure, thus both controlling the humidity levels as well as
removing the water soluble contaminant from circulation.

Regulating humidity levels can be particularly important when important
equipment is positioned, or processes occur, in a first environment that has a different
relative humidity (RH) than a second environment in communication with the first
environment. For example, the interior of a disk drive often has a preferred relative
humidity that is different than the relative humidity of the external environment in which
the disk drive enclosure is located. Disk drives typically have a breather port within their
enclosure, allowing air to enter and exit from the drive, which results in humidity
fluctuations within the drive enclosure. Sometimes the external environment has a higher
relative humidity than the desired relative humidity within the enclosure, and sometimes
the external environment has a lower relative humidity than the desired relative humidity
within the enclosure. Also, in some implementations the external environment fluctuates
between relative humidity levels that are sometimes above and sometimes below the
desired relative humidity within the enclosure. In regard to computer disk drives, too
much humidity can lead to corrosion of susceptible components, and too little humidity
can lead to static electricity which can damage sensitive electrical components.

Thus, applications where controlling humidity is often desirable include internal
hard disk drives discussed above, and other enclosures with sensitive optical surfaces or
electronic connections, and electronic control boxes. These applications can find use in
automobiles, semiconductor facilities and processing equipment, ostomy bag vents,
hearing aids, passive components in HVAC applications, hydraulics, engines, engine

vents, and many other applications.
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Adsorbents are generally employed to control the level of humidity in scenarios
similar to those listed above. Each application, however, has specific requirements
depending upon the relative humidity range of the particular application, and thus
adsorbents must be chosen that perform properly in each particular relative humidity
range. Adsorbents also often occupy a relatively large volume compared to other
filtering components, and so increasing the capacity of the adsorbent is often desirable.
This is increasingly true as various product assemblies, such as disk drives, get smaller
and space is a premium.

Therefore, a need exists for an improved adsorbent material for controlling

humidity.

Summary of the Invention

The technology disclosed herein is directed to controlling humidity levels, such as
the humidity level in an enclosed environment. The technology disclosed herein can also
be used to controlling humidity levels in open environments, and internal environments
which have limited air exchange with external environments. The water isotherm of the
adsorbent material is customized through the modification of the surface chemistry of the
adsorbent. By modifying the surface chemistry of the adsorbent in various ways and to
varying degrees, it is possible to customize the adsorbent properties to a range of different
humidity levels. Such modification can enhance the adsorbing capacity and efficiency of
the adsorbent, especially with regard to low molecular weight water-soluble compounds.

The adsorbent is carbon in many embodiments of the invention, in particular

activated carbon. However, other adsorbent materials can be used in some
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implementations of the invention. Surface modifications can generally be made on other
porous media, including silica, zeolite, and molecular sieves. Additionally, fine fiber
media and nanofiber web media can be modified or modified adsorbents can be
incoporated into the media. Melt blown fine fibers, electrospinning, and extruded PTFE
media may all be used.

As used herein, surface modification includes, among other approaches, chemical
treatment to introduce chemical groups onto the surface of the adsorbent through chemical
bonding or impregnation. Such chemical groups can be distinguished by their
hydrophilicity, Lewis/Bronsted acid-base properties, and hydration capabilities (capacity
and kinetics). An adsorbent carbon material suitable for use in controlling the humidity
of an enclosure includes, for example, carbon material having modified surface by acid
treatment.

When acid treatment is used to modify the surface of the adsorbent, generally the
acid treatment comprises treating an adsorbent material or substrate with a strong acid,
often with an aqueous acid solution that is at least 5 percent by weight acid, more
typically an aqueous acid solution that is at least 10 percent strong acid by weight. In
certain implementations the acid treatment comprises treatment of the substrate in an acid
solution that is at least 35 percent acid, and optionally a solution that is at least 70 percent
acid. In some embodiments the acid solution comprises from 5 to 85 percent acid, in
others the acid solution comprises from 20 to 75 percent acid, and yet others the acid
solution comprises from 30 to 60 percent acid. Note that even greater than 85 percent

acid can be added, typically by use of acid fumes or vapors.
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In some implementations the aqueous acid solution comprises nitric acid,
optionally at least 5 percent nitric acid, more typically at least 10 percent nitric acid. In
certain implementations the acid solution comprises at least 35 percent nitric acid, and
optionally at least 70 percent nitric acid. In some embodiments the acid solution
comprises from 5 to 85 percent nitric acid, in others the acid treatment comprises from 20
to 75 percent nitric acid, and in yet others the acid solution comprises from 30 to 60
percent nitric acid.

In some implementations two or more surface modifiers are added to an
adsorbent, or two or more adsorbents with different surface modifications are combined
together. For example, granular adsorbents, polymers, and/or fibers with different
surface chemistry and modifications can be physically mixed together.

The above summary of the present invention is not intended to describe each
discussed embodiment of the present invention. This is the purpose of the figures and the

detailed description that follows.

Brief Description of the Drawings

The invention may be more completely understood and appreciated in
consideration of the following detailed description of various embodiments of the
invention in connection with the accompanying examples reflected in the drawings.

Figure 1 is a graph depicting the effect of oxidation on water adsorption/desorption
isotherm of carbon materials.

Figure 2 is a graph depicting the effect of oxidation on water adsorption isotherm

of carbon materials treated with nitric acid.
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Figure 3 is a graph depicting the acetone breakthrough curves for activated carbon
before and after 70% nitric acid treatment.

Figure 4 is a graph depicting the effect of impregnation on water isotherm of
activated carbon impregnated with either 10% citric acid, 5% potassium carbonate, or 5%
sodium sulfate.

Figure 5 is a graph depicting water isotherms on 70% acid treated activated
carbon, activated carbon impregnated with 5% sodium sulfate and a physical mixture of
both.

Table 1 is a table depicting the effect of different concentrations of acid on the
surface chemistry of an activated carbon.

Table 2 is a table depicting the effect of the different concentration of acids on the
surface structural features of activated carbon.

Table 3 is a table depicting the effect of ethanol wash on the surface chemistry of
the 10% nitric acid treated carbon.

Figure 6 is a graph depicting water isotherms cycles on activated carbon modified
by a 10% acid treatment.

Figure 7 is a graph depicting water isotherms on activated carbon modified by
treatment with different concentrations of nitric acid.

Figure 8 is a graph depicting dependence of water adsorption on the pH of the
carbon surface.

Figure 9 is a graph depicting dependence of water adsorption on the amount of
acidic groups on the carbon surface.

Figure 10 is a graph comparing water adsorption of granular and web carbon.
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Figure 11 is a graph depicting water isotherm on variety of medias that cover a
range of RH.

While the invention is susceptible to various modifications and alternative forms,
specifics thereof have been shown by way of example and drawings, and will be
described in detail. It should be understood, however, that the invention is not limited to
the particular embodiments described. On the contrary, the intention is to cover
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention.
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Detailed Description

The technology disclosed herein is directed to controlling humidity levels, such as
the humidity level in an enclosed environment. The water isotherm of the adsorbent
material is customized through the modification of the surface chemistry of the adsorbent.
Such modification can enhance the adsorbing capacity and efficiency of the adsorbent,
especially with regard to low molecular weight water-soluble compounds. By modifying
the surface chemistry of the adsorbent in various ways and to varying degrees, it is possible
to customize the adsorbent properties to a range of different humidity levels.

Surface modification includes, among other approaches, chemical treatment to
introduce chemical groups into the surface of the adsorbent through chemical bonding or
impregnation. The change in the hydrophilicity and surface chemistry of an adsorbent can
be accomplished through an acid treatment. Several acids can be used in this process such
as, for example, nitric acid, phosphoric acid and sulfuric acid. Additional acids include,
for example, citric acid and malonic acid. A single acid or a mixture, and a range of
different acid concentrations, can be used in this process to achieve different levels of
modifications. The treatment process can be done at static or dynamic conditions. Static
conditions include, for example, soaking the adsorbent in an acid solution. Dynamic
conditions include, for example, having the adsorbent mixed with the acid under stirring
and/or rotary or orbital shaking.

Typically an amount of acid is used that is consistent with a particular mass-to-
volume ratio of the adsorbent to the acid. Such mass-to-volume ratio depends on factors
such as pore volume of the adsorbents, the origin of the adsorbent, and the bulk density of

the adsorbent, for example, although other factors can also be relevant. Suitable volume-
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to-mass (ml/g) ratios include, for example, from 0.1 to 1, from 1 to 10, and from 10 to 100,
in the case of activated carbon. The ratio of volume of acid-to- volume of pores per
relative to unit mass of carbon include from 0.01 to 1, from 1 to 10, and from 10 to 100.

When acid treatment is used to modify the surface of the adsorbent, generally the
acid treatment comprises treating a substrate with a strong acid, often the acid is in an
aqueous solution that is at least 5 percent strong acid by weight of the solution, more
typically at least 10 percent strong acid by weight of the solution. In certain
implementations the acid comprises at least 35 percent acid by weight of the solution, and
optionally at least 70 percent acid by weight of the solution. In some embodiments the
acid solution comprises from 5 to 85 percent acid by weight of the solution, in others the
acid comprises from 20 to 75 percent acid by weight of the solution, and yet others the
acid comprises from 30 to 60 percent acid by weight of the solution.

Treatment time also varies based on a variety of factors that include pore volume of
the adsorbents, the origin of the adsorbent, and the bulk density of the adsorbent. The
treatment time typically varies from a few minutes up to several days. In some
implementations the surface treatment is up to 1 hour, in other implementations the surface
treatment is up to 24 hours, and in yet other implementations the surface treatment is
greater than 24 hours.

In various embodiments the absorbent can be used immediately after the acid
treatment. In other embodiments the adsorbent is washed with water to remove a portion
of the acid. In such embodiments 1%-10% by weight of the acid may remain in the
adsorbent, and sometimes from 1 to 20% by weight. In some of those embodiments 2%-

7% of the acid may remain in the adsorbent. In at least one embodiment, 3%-5% of the
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acid remains in the adsorbent. The pH of the sample can be controlled by the amount of
water used in the wash. In various embodiments the pH of the sample is slightly acidic. In
at least one embodiment, the pH of the sample is between 4 and 5, in others the pH is from
3.5 to 6.5; and in yet other implementations the pH is from 3 to 7, while in other
implementations the pH is from 2 to 8. Generally the amount of acidic groups will range
from 0.1 to 10 mmol acidic groups per gram of carbon. In some implementations the
amount of acidic groups will range from 1.0 to 10 mmol acidic groups per gram of carbon;
in others from 1.0 to 5.0 mmol acidic groups per gram of carbon.

In addition to the use of acids to modify the surface of the adsorbent, other
compounds can be used. For example, oxidants such as hydrogen peroxide, oxygen gas,
acid vapors, potassium permanganate, potassium dichromate, or ozone, can be used to
modify the surface either separately, or in combination with, the acids. Typically these
oxidants are added at levels sufficient to impact the water isotherm of the adsorbent. In
most implementations the isotherm will show at least a 2 percent change in water pickup at
one or more points along the isotherm compared to untreated adsorbent, in others 5 percent
change in water pickup, and in yet others it will show at least a 10 percent change in water
pickup at one or more points along the isotherm, and in yet other implementations it will
show at least 20 percent change at one or more points along the isotherm compared to non-
treated adsorbent, commonly greater than 300 percent change, and in some
implementations up to 300 percent change.

The surface of the adsorbent material can also be impregnated with components
having varying hydration capabilities at different relative humidity. This includes, for

example, anhydrous sodium sulfate, citric acid, potassium carbonate, mellitic acid and/or

10
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mixtures thereof. Adsorbent properties are customizable for a range of relative humidity
with improvement in the overall adsorbent capacity. Impregnation can vary between 0.01-
99.9 percent by weight of the adsorbent. However, more typically impregnation will
comprise between 1 and 80 percent by weight of the adsorbent, more typically between 1
and 50 percent by weight of the adsorbent, optionally from 1 to 30 percent by weight of the
adsorbent. In some implementations the impregnation will comprise between 1 and 10
percent by weight of the adsorbent.

Combining different surface modification methods to control humidity at different
selected relative humidity ranges will also result in customized water pickup. By mixing or
by impregnation of the oxidized surface of the adsorbent material with various materials,
adsorbent capacity can be improved in some situations, and the adsorbent can be
customized. Example materials include: sodium sulfate anhydrous, citric acid, potassium
carbonate, mellitic acid and/or a mixture thereof. Impregnation can vary between 0.01-
99.9 percent by weight, and mixing ratios can vary from 0 to 100% by weight.
Impregnation can vary between 0.01-99.9 percent by weight of the adsorbent. However,
more typically impregnation will comprise between 1 and 80 percent by weight of the
adsorbent, more typically between 1 and 50 percent by weight of the adsorbent, optionally
from 1 to 30 percent by weight of the adsorbent. In some implementations the

impregnation will comprise between 1 and 10 percent by weight of the adsorbent.

Examples

The following examples demonstrate various aspects of the present invention.

Water isotherms for the examples were measured on a VTI thermogravimetric analyzer

11
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with dew point analyzer. Samples typically weighed between 10 and 20mg, preferably
15mg. They were dried by heating in dry air (dp < -30C) at 80 °C. The samples were
then subjected to humidity ranging from 5-95 % rh in 5 % rh steps, both adsorption and
desorption. Advancement to the next humidity step was controlled by the following
equilibrium criteria: <0.001 % / min weight change rate or 3 hours since the last step,
whichever was first.

The amount of oxygenated surface groups was determined using Boehm titrations
methodolygy: One gram of a carbon sample was placed in 50 ml of the following 0.05 N
solutions: sodium hydroxide, sodium carbonate, sodium bicarbonate and hydrochloric
acid. The vials were sealed and shaken for 24 h, filtrated and then 10 ml of cach filtrate
was pipetted and the excess of base or acid left in the solution was titrated with HCI or
NaOH, depending on the original titrant used. The amount of acidic sites of various
types was calculated under the assumption that sodium hydroxide neutralizes carboxylic,
phenolic, and lactonic groups; sodium carbonate neutralizes carboxylic and lactonic; and
sodium bicarbonate neutralizes only carboxylic groups. The number of surface basic
sites was calculated from the amount of hydrochloric acid that reacted with the carbon.

The pH of carbon samples in suspension provides information about the acidity
and alkalinity of the surface. A sample of 0.4 g of dry carbon powder was added to 20 ml
of water and the suspension was stirred overnight to reach equilibrium. Then the sample
was filtered and the pH of solution was measured.

Nitrogen isotherms were measured using an ASAP 2020 (Micromeritics) at 77 K.

Before the experiment the samples were heated at 393 K and then outgassed at this

temperature under a vacuum of 10-3 torr to constant pressure. The isotherms were used

12
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to calculate the specific surface area, Spyr, micropore volume smaller than 10 A, Vo4,
micropore volume, Vi, and total pore volume, V. All of these parameters were
calculated using Density Functional Theory (DFT).

With regard to the specific examples, Figure 1 demonstrates effects of surface
oxidation on water adsorption capacity and kinetics for "carbon F". Eighty grams of an
activated carbon adsorbent in powder form was mixed with 100 ml of 70 percent nitric acid
followed by stirring for 26 hours. After treatment, the acid was drained and the carbon
sample was washed with water twice to remove a portion of the acid. Such treatment at
least partially oxidized the surface of the adsorbent and increased water adsorption at a
lower relative humidity. Figure 1 shows "carbon F", which is the non-oxidation treated
carbon, and "carbon F-O", which is the oxidation treated carbon. As is evident from Figure
1, nitric acid treatment of activated carbon F shifted the water isotherm to lower humidity
levels, indicating higher hydrophilic characteristic of the oxidized surface.

Figure 2 demonstrates effects of nitric acid treatment of granular "carbon C" on the
water adsorption isotherm of the carbon. A similar trend is observed in Figure 2 as the one
observed in Figure 1. Six grams of carbon C were mixed with 8 ml of 70 percent nitric acid
for five minutes in a beaker, then covered with a glass watch for additional 25 minutes. The

modified adsorbent sample was then twice washed with 25 ml of distilled water.

Afterwards, the sample was placed in an oven to dry at 110 "C for 72 hours, and then the

sample was placed in oven at 70'C until tested. As is indicated in Figure 2, "carbon C",

which was not treated with nitric acid, had a water adsorption isotherm demonstrating
lower hydrophilic characteristics than that of the "carbon C-O", which had been treated

with the nitric acid.

13
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Figure 3 demonstrates the effect of surface modification of carbon F
shown in Figure 1 on its capacity for acetone. Surface treatment increased the
10% breakthrough time of carbon F for acetone from 340 minutes to about 480
minutes indicating an increase of about 41% capacity at 10% breakthrough
concentration. The experimental conditions were as follows: 50 ppm acetone, 30
liters per minute flow rate, 50% RH and 25C temperature. The carbon dimensions
in the cylindrical packed bed were 1 inch depth and 1.5 inch diameter. The carbon
mesh size was 12X20. The samples were conditioned at 50% RH prior to the test
start. Thus, Figure 3 demonstrates that the oxidized activated carbon adsorbs
more organic compound acetone compared to the non-oxidized activated carbon.
Figure 4 demonstrates effects of activated carbon impregnation with sodium sulfate
(5%), citric acid (10%), or potassium carbonate (5%) on water adsorption. Impregnation
enhanced water adsorption in the 40-60% RH range mainly in case of potassium carbonate
and citric acid impregnation. Carbon C-5%SS was treated with 5 percent sodium sulfate,
Carbon C-10%CA was treated with 10 percent citric acid, and Carbon C-5%K,CO; was
treated with 5 percent potassium carbonate.
Figure 5 demonstrates effects of the combination between the oxidized
activated carbon impregnated with sodium sulfate (5%) on the water adsorption.
Water isotherms on the 70% acid treated activated Carbon F (Carbon F-O),
activated carbon C impregnated with 5% sodium sulfate (Carbon C-5%SS)

and a physical mixture of both are shown.

14
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The physical combination provided an averaged effect on the performance, in that
the water adsorption of the mixture is at least partially between the water isotherms of the
individual adsorbents.

Table 1 presents the effect of the nitric acid concentrations treatment on the
surface chemistry of carbon. Surface chemistry was analyzed using Bochm titrations
where the amounts of acidic and basic groups on the surface were calculated. The
surface is believed to become more hydrophilic due to the large increase in the amount of
surface groups. The amount of acidic groups for all treatments has increased by more
than 1 mmol/g of carbon.

Table 2 presents the effect of nitric acid treatment concentrations on the porous
structure of activated carbon. The structural features are not significantly affected by the
10-70% acid treatment. The structural parameters such as surface area (Sggr), micropore
area (Spic), the volume of pores smaller than 10 A (V<j04), micropore volume (V i), the
total pore volume (V) and the mean pore diameter (L) were calculated from the nitrogen
isotherms for all activated carbons.

Table 3 presents the effect of ethanol wash on the surface chemistry of the 10%
nitric acid treated carbon. The surface chemistry of the 10% nitric acid treated activated
carbon remained almost intact by the ethanol wash which indicate the stability of the
surface chemistry under several manufacturing processes.

Figure 6 shows three water adsorption/desorption isotherm cycles on carbon C
modified by 10% nitric acid treatment for 24 hrs. No change in the adsorption/desorption
behavior were noticed over 3 cycles indicating the stability of the modified carbon and its

regeneration capability.
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Figure 7 depicts the water isotherms on carbon C modified by treatment with
different concentrations of nitric acid. As depicted in Figure 7, as the concentration of
nitric acid used in the treatment increased, the whole water isotherm shifted to higher
water adsorption, particularly at an RH below 70%._In various experimental treatments,
the greatest enhancement in the water adsorption of activated carbon was a result of
treatment with nitric acid.

Figure 8 depicts the dependence of the water adsorption on the pH of the activated
carbon surface, which was varied by varying the concentration of the acid during the
treatment. Based on this figure, that water adsorption at an RH at 60% increases as the
surface pH of the activated carbons decreases.

Figure 9 depicts the dependence of the water adsorption on the amount of acidic
groups on the activated carbon surface, which was varied by varying the concentration of
the acid during the treatment. Based on this figure, that water adsorption at an RH below
at 60% or an RH at 40% increases as the amount of acidic groups on the surface of
activated carbons increases.

Figure 10 shows a comparison of granular and web carbon. The acid treated
granular curve shows the water isotherms on the acid treated carbon where we see high
water pick up in the 40-60%RH range. The acid treated carbon curve represents the water
isotherm for the same acid washed carbon but in the web form knowing that about 20%
of the web weight is not carbon. The carbon loses about 10% of its capacity as well in the
web process. That explains the 30% water reduction by wt. for the web compared to the
performance of the granular acid washed carbon. The web material is optionally a

composite of PTFE and a granular adsorbent material. The composite can be formed by
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extruding together an adsorbent material and a PTFE emulsion. The extruded material is
then mechanically shaped into its final form as a sheet or tablet.

Figure 11 shows the capability to remove water efficiently at all ranges of RH by
using different materials with different surface chemistries. By physically mixing these
materials it is possible to customize the water removal as shown in Figure 5.

It should also be noted that, as used in this specification and the appended claims,
the phrase “configured” describes a system, apparatus, or other structure that is
constructed or configured to perform a particular task or adopt a particular configuration.
The phrase "configured" can be used interchangeably with other similar phrases such as
“arranged”, “arranged and configured”, “constructed and arranged”, “constructed”,
“manufactured and arranged”, and the like.

All publications and patent applications in this specification are indicative of the
level of ordinary skill in the art to which this invention pertains. All publications and
patent applications are herein incorporated by reference to the same extent as if each
individual publication or patent application was specifically and individually indicated by
reference.

It will be appreciated that, although the implementation of the invention described
above is directed to a hard drive enclosure, the present device may be used with other
clectronic enclosures, and is not limited to hard drive enclosures. In addition, while the
present invention has been described with reference to several particular
implementations, those skilled in the art will recognize that many changes may be made

hereto without departing from the spirit and scope of the present invention.
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We claim:
1. A modified adsorbent material suitable for use in controlling humidity, the
material comprising:

an adsorbent; and

an oxidative treatment on at least a surface of the adsorbent material, the oxidative

treatment providing modified water absorbency properties to the adsorbent.

2. The modified adsorbent material of claim 1, wherein the adsorbent comprises

activated carbon.

3. The modified adsorbent material of claim 1, wherein the adsorbent is selected
from the group comprising carbon, silica, molecular sieves, zeolites, and combinations

thereof.

4, The modified adsorbent material of claim 1, wherein the oxidative treatment

comprises acid treatment.

5. The modified adsorbent material of claim 4, wherein adsorbent has a pH range
from 3 to 7.
6. The modified adsorbent material of claim 4, wherein amount of acidic groups

ranges from 1.0 to 10 mmol acidic groups per gram of adsorbent.
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7. The modified adsorbent material of claim 1, wherein the oxidative treatment

comprises treatment with molecular oxygen, ozone, or combinations thereof.

8. The modified adsorbent material of claim 1,wherein the oxidative treatment

comprises treatment of the adsorbent with hydrogen peroxide, potassium permanganate,

potassium dichromate, and combinations thereof.

9. The adsorbent carbon material of claim 4, wherein the acid treatment comprises

treatment with a solution of nitric acid.

10.  The adsorbent carbon material of claim 9, wherein the nitric acid is applied to the

carbon material at a concentration comprising at least 5 percent nitric acid.

11.  The adsorbent carbon material of claim 7, wherein the nitric acid is applied to the

carbon material at a concentration comprising at least 5 to 85 percent nitric acid.

12.  The adsorbent carbon material of claim 7, wherein the nitric acid is applied to the

carbon material at a concentration comprising at least 20 to 75 percent nitric acid.

13.  The adsorbent carbon material of claim 7, wherein the nitric acid is applied to the

carbon material at a concentration comprising at least 30 to 60 percent nitric acid.
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14. The adsorbent carbon material of claim 7, wherein the adsorbent comprises a

mixture of two or more adsorbent materials with different surface treatments.

15.  An adsorbent material suitable for use in controlling humidity, the carbon material

having its surface modified via a non-oxidative process to control water adsorption.

16. The adsorbent material of claim 15, wherein the surface modification comprises
treatment with a surface modifying agent selected from the group alkaline metal oxides,
alkali metals sulfate, citric acid, alkali metals carbonates, alkali metals bicarbonates,
malonic acid, acrylic acid, mellitic acid, poly acrylic acid, poly acrylate salt and/or a

mixture thereof.

17. The adsorbent material of claim 15, wherein the adsorbent is selected from the

group comprising activated carbon, zeolite, silica, and combinations thercof.

18.  The adsorbent carbon material of claim 15, wherein the treatment comprises at

least 2 percent of a surface modifying agent.

19.  The adsorbent carbon material of claim 15, wherein the treatment comprises at

least 35 percent surface modifying agent.

20.  The adsorbent carbon material of claim 15, wherein the treatment comprises at

least 70 percent surface modifying agent.
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21.  The adsorbent carbon material of claim 15, wherein the treatment comprises from

2 to 85 weight percent surface modifying agent.

22.  The adsorbent carbon material of claim 15, wherein the treatment comprises from

20 to 75 percent surface modifying agent.

23.  The adsorbent carbon material of claim 15, wherein the treatment comprises from

30 to 60 percent surface modifying agent.

24. The adsorbent carbon material of claim 15, wherein the adsorbent comprises a

mixture of two or more adsorbent materials with different surface treatments.

25. A material suitable for use in controlling humidity, the material comprising:

a first adsorbent material, the first adsorbent material having received a first
treatment on at least the surface of the first adsorbent material, the treatment providing
modified water absorbency properties to the adsorbent; and

a second adsorbent material, the second adsorbent material having received a
second treatment on at least the surface of the first adsorbent material, the treatment

providing modified water absorbency properties to the second adsorbent.

26. The modified adsorbent material of claim 25, wherein the first and second

adsorbent material are arranged in a layered arrangement.
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27. The modified adsorbent material of claim 25, wherein the first and second

adsorbent material are in a mixed arrangement.

28. The modified adsorbent material of claim 25, wherein at least the first or second

adsorbent comprises activated carbon.

29. The modified adsorbent material of claim 25, wherein at least the first or second
adsorbent is selected from the group comprising carbon, silica, molecular sieves, zeolites,

and combinations thereof.

30. The modified adsorbent material of claim 25, wherein at least one treatment

comprises acid treatment.

31. The modified adsorbent material of claim 25, wherein at least one treatment

comprises treatment with molecular oxygen, ozone, or combinations thereof.

32. The modified adsorbent material of claim 25,wherein at least one treatment

comprises treatment of the adsorbent with hydrogen peroxide, potassium permanganate,

potassium dichromate, and combinations thereof.

33. The modified adsorbent material of claim 25, wherein the adsorbent material

comprises a web.
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34, The modified adsorbent material of claim 25, wherein the web is formed from

meltblown fibers, electrospun fibers, extruded PTFE, or a combination thereof.

35. A modified adsorbent material suitable for use in removing water soluble organic
compounds, the material comprising:

an adsorbent; and

an treatment on at least a surface of the adsorbent material, the treatment

providing modified absorbency properties for organic compounds.

36.  The modified adsorbent material of claim 35, wherein the adsorbent comprises

activated carbon.

37. The modified adsorbent material of claim 35, wherein the adsorbent is selected

from the group comprising carbon, silica, molecular sieves, zeolites, and combinations

thereof.

38.  The modified adsorbent material of claim 35, wherein the treatment comprises

acid treatment.

39.  The modified adsorbent material of claim 35, wherein adsorbent has a pH range

from 3 to 7.
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Figure 1

Effect of oxidation on water adsorption/desorption isotherm of the Carbon F and Carbon F-
O carbons. Carbon F-O represents the 24 hr, 70% acid treated carbon.
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Figure 2

Effect of oxidation on water adsorption isotherm of the Carbon C
and Carbon C-O carbons. Carbon C-O represents the 24 hr, 10% nitric acid treated carbon.
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Figure 3

Acetone breakthrough curves for carbon F before and after 70% HNO; acid treatment.
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Figure 4

Effect of impregnation on water isotherm of Carbon C.
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Figure 5

Water isotherms on the 70% acid treated activated Carbon F (Carbon F-O), activated
carbon C impregnated with 5% sodium sulfate (Carbon C-5%SS)
and a physical mixture of both.
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~ Sample pH Acidic Basic Total
Carbon C 7.62 ~0.0 0.80410 | 0.80410
Carbon C -10% acid 5.04 | 1.33645 | 0.22308 | 1.55953
Carbon C -35% acid 477 | 1.5261 | 0.18151 | 1.70758
Carbon C -70% acid 3931 2.0179 | 0.14399 | 2.16185
Table 1

Effect of the different concentration of acid
on the surface chemistry of activated carbon (mmol/g).

S er S mic _ V04 Veoa Vi
Sample (mZ/g) (mz/g) S mlc/S BET (sz/g) (cm3/g) (cm3/g)
Carbon C 1511 1017 0.673 0.278 0532 0.611
Carbon C-10% Acid 1397 934 0.669 0.263 0.478 0.609
Carbon C-35% Acid 1350 903 0.669 0.272 0.476 0.563
Carbon C-70% Acid 1298 842 0.649 0.257 0471 0.550
Table 2

Effect of the different concentration of acids on the surface
structural features of activated carbon.

Acidic Basic Total
Sample
Carbon C-10% acid 1.3364 0.2231 1.5595
Carbon C-ETOH 1.2533 0.2829 1.5362
Table 3

Effect of Ethano! Wash on the Surface Chemistry of the 10% nitric acid treated Carbon
(mmol/g).
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Figure 6

Water isotherms cycles on Carbon C modified by 10%acid treatment
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Figure 7

Water isotherms on Carbon C modified by treatment
with different concentrations of nitric acid
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Figure 9

Dependence of water adsorption on the amount of acidic groups on the carbon surface.
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Figure 10

Comparison of granular and web carbon.
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Figure 11

Water isotherm on variety of medias that cover all ranges of RH.
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