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ABSTRACT

Sorbent polymers which are selective to taking up hydrocar-
bons are provided for separating hydrocarbons from fluids

and taking up hydrocarbons from o

- of and intermixed with

solid matenals. The hydrocarbons may at least partially be
expressed out of and recovered from the polymer by squeez-
ing. The polymers may be re-used for picking up additional
hydrocarbons. Methods for producing and using the poly-
mers are also provided.
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HYDROCARBON SORBENT MATERIALS

BACKGROUND

[0001] Absorbent and adsorbent materials are usable for
removing and/or recovering of components from water and
air, or for picking up of one material off of another. Such
sorbent materials may be placed 1n contact with flmds to
remove contaminants for purification of the fluids and/or
recovery of substances from the fluids. Some examples of
uses for sorbent materials may include the cleaning of exhaust
air emissions from combustion or other industrial processes,
the cleaning of waste water streams from industrial processes,
providing purified fluids, or the clean-up of accidental spills,
such as o1l spills.

[0002] The growth of environmental consciousness com-
bined with an ever-increasing use of petroleum products has
led to a heightened awareness of the need to promptly and
elfectively remediate pollution caused by various petroleums-
based activities. Governmental regulations are also becoming,
more and more restrictive, with ever increasing requirements
for cleaner air and water.

[0003] Some methods for controlling and cleaning up oil
spills on water may include containment with fences or
booms, chemical dispersants to accelerate natural dispersal,
and removal which may include burning the o1l, skimming the
o1l from the water surface, or collecting the o1l for further
processing. Other methods may rely on the use of coagulants
and catalysts to chemically interact with the oil, or may use
absorbing material such as straw. While these materials may
aid in removing spilled o1l from water, they fail to provide an
adequate environmentally acceptable solution which 1s able
to confine, coagulate and control spilled o1l 1n a short period
of time before the o1l drops below the surface of the water and
forms an emulsion with the water, rendering removal very

diftficult.

[0004] For collection of hydrocarbons, some of the mate-
rials used, such as organogels, work only 1n confined envi-
ronments where they are not subjected to fluctuation 1n the
medium or environmental conditions which tend to break up
bonding interactions. Some materials are unstable at higher
temperatures, and therefore are not usable 1n exhaust streams.
Still other materials, such as porous silica based products are
inellicient, and inorganic nanowires are not amenable to large
scale production, nor are they completely reusable over
extended periods of time. Therefore, there remains a need for
a sorbent material which can be synthesized on a large scale,
1s low cost, reusable and 1s stable 1n different environmental
conditions and 1n different mediums.

SUMMARY

[0005] This disclosure 1s not limited to the particular sys-
tems, devices and methods described, as these may vary. The
terminology used in the description 1s for the purpose of
describing the particular versions or embodiments only, and
1s not intended to limit the scope.

[0006] In an embodiment, a sorbent may include cross-
linked units having a structure of formula: —[XY |—,.
wherein X comprises a multivalent C. to C;, cycloalkyl,
multivalent C. to C;, heterocycloalkyl, multivalent C. to C;,,
aryl, multivalent C; to C., heteroaryl, or combinations
thereol, Y comprises a divalent C; to C,, cycloalkyl, divalent

C. to C,, heterocycloalkyl, divalent C. to C,, aryl, divalent
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C. to C;, heteroaryl, or combinations thereof; n 1s an integer
of 2 to 10; and m 1s an integer greater than or equal to 2.
[0007] Inanembodiment, a method for synthesizing a sor-
bent, may include crosslinking multivalent components to
form a cross-linked composition having a regular repeating
structure of formula: —[ XY, |—  wherein X 1s the multiva-
lent component, Y 1s a cross-linking component, n 1s an
integer ol 2 to 10, m1s an integer greater than or equal to 2, and
the multivalent component comprises C; to C., cycloalkyls,
C. to C;, heterocycloalkyls, C. to C;, aryls, or C; to Cg,
heteroaryls, or combinations thereof. In one embodiment, the
cross-linking Y component may be a covalent bond, or a
divalent component, or combinations thereof.

[0008] In an additional embodiment, a method for prepar-
ing a sorbent may include combiming at least one 1,3,6,8-
tetra-substituted-pyrene and 4,4'-biphenyldiboronic acid bis
(pinacol) at a molar ratio of about 1:2 to form a first mixture,
introducing a solvent to the first mixture to form a second
mixture, introducing a base and a transmetallation catalyst to
the second mixture to form a third mixture, and reacting the
third mixture for a period of time suilicient for forming the
sorbent in the third mixture.

[0009] In a further embodiment, a method for extracting
hydrophobic material may include contacting a composition
containing at least one hydrophobic material with a sorbent
having a structure of formula —[XY, |-, wherein X com-
prises a multivalent component comprising a C; to C;,
cycloalkyl, C; to C., heterocycloalkyl, C; to C,, aryl, C; to
C., heteroaryl, or combinations thereof, Y comprises a diva-
lent component comprising a C; to C,, cycloalkyl, C; to C,,
heterocycloalkyl, C; to C;, aryl, C; to C,, heteroaryl, or
combinations thereof, n 1s an mnteger of 2 to 10, and m 1s an
integer greater than or equal to 2, wherein the at least one
hydrophobic material 1s taken up by the sorbent by at least one
of adsorption and absorption, and separating the sorbent with
at least one hydrophobic material from the composition.
[0010] In an additional embodiment, a filter for extracting
at least one hydrophobic material from a fluid comprises a
sorbent having a structure of formula—[ XY, |—, , wherein X
comprises a multivalent component comprising a C. to C.,
cycloalkyl, C; to C;, heterocycloalkyl, C; to C., arvl, C; to
Cs, heteroaryl, or combinations thereot, Y comprises a diva-
lent component comprising a C to C;, cycloalkyl, C; to C;,
heterocycloalkyl, C. to C;, aryl, C; to C;, heteroaryl, or
combinations thereof, n 1s an mnteger of 2 to 10, and m 1s an
integer greater than or equal to 2.

BRIEF DESCRIPTION OF THE FIGURES

[0011] FIG. 1 depicts a general structural representation of
a sorbent polymer according to an embodiment.

[0012] FIG. 2 depicts a molecular representation of a sor-
bent polymer according to an embodiment.

[0013] FIG. 3 depicts a synthesis process for producing a
sorbent polymer according to an embodiment.

[0014] FIG. 4 depicts an alternative synthesis process for
producing a sorbent polymer according to an embodiment.

DETAILED DESCRIPTION

[0015] An o1l spill 1s generally considered as an undesired
release of a liquid petroleum hydrocarbon, or refined petro-
leum products to the environment as a result of human
activity. Some of these hydrocarbons include, for example,
crude o1l, gasoline, kerosene, diesel fuel, jet fuel, hexane,
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cthanol, methanol and pentane. While the term ‘o1l spill” 1s
most often used for spills in, marine areas from tankers or
offshore drilling rigs, 1t may also apply to accidental releases
on land as well. In addition, there are also sources of o1l
seepage nto waters and/or onto land as a result of natural
teatures. These releases are pollutants to the environment and
may have toxic effects on the life forms which are located in
the vicinity of the release.

[0016] Attempts to control or clean up such hydrocarbon
releases may be by chemical dispersion, combustion,
mechanical containment, and/or adsorption, and may take
weeks, months or even years to clean up. Available techniques
for clean-up of hydrocarbon materials remain 1mnadequate to
solve the problem of massive spills. There remains a need for
a product which 1s relatively inexpensive, commercially
viable, usable for a variety of materials, usable under a wide
variety of conditions, even extreme temperatures, and may be
re-usable.

[0017] A hydrophobic, super-absorbent polymer 1s pro-
vided which selectively separates hydrocarbons from hydro-
carbon containing fluids, and may readily take-up hydrocar-
bons from solid surfaces and particulate matter as well. The
generally selective sorption of hydrocarbons may be due to
Van der Waal’s, - interactions, and host-guest interactions.
The rejection of polar liquids arises from 1ts hydrophobicity.
The polymer 1s a regular repeating cross-linked structure of
multivalent cyclic organic components cross-linked with
divalent cyclic organic components having a structure of for-
mula —[ XY, |— , wherein X 1s the multivalent component,
andY 1s the divalent component, n1s an integer of 2 to 10, and
m 1s an integer greater than or equal to 2. In an embodiment,
n may be 2, 3 or 4.

[0018] As the central structural component, the multival-
vent component may be a multivalent C. to C,, cycloalkyl, a
multivalent C; to C;, heterocycloalkyl, a multivalent C. to
C., aryl, a multivalent C; to C;, heteroaryl, or any combina-
tion thereof. In an embodiment, the multivalent component
may be the multivalent C, to C, polycyclic aryl or multiva-
lent C, to C, polycyclic heteroaryl.

[0019] The cross-linking divalent component may be any
divalent C; to C,, cycloalkyl, divalent C; to C,, heterocy-
cloalkyl, divalent C; to C,, aryl, divalent C. to C,, heteroaryl,
or combinations thereof. In an embodiment, the cross-linking
component may be the multivalent C; to C,, polycyclic aryl
or multivalent C; to C,, polycyclic heteroaryl.

[0020] A super-absorbent polymer of this type may be
usable for taking up hydrophobic substances, such as hydro-
carbons, from a solid surface, or from a granulated solid
material, or from a fluid, etther liquid or gas, or from combi-
nations of such materials. The polymer may be dispersed onto
the hydrophobic substances directly, may be dispersed into
fluids containing the hydrophobic substances, or may be
incorporated into a filter. The {filter may be a flow-through
type having a bed of polymer retained 1n a structural housing,
by fluid permeable members, or the filter may have polymer
retained on a support structure, such as a material or fiber mat,
or incorporated into an open-cell polymer foam. The filter
may be stationary 1n a fluid environment, or may be moved
through a fluid bed to retrieve hydrocarbons from the fluid.

[0021] Hydrophobic absorbent polymer structures may be
prepared by providing appropriate substituents on cyclic or
aryl organic reactants and cross-coupling the reactants with
one another or coupling with additional reactants to provide
regular repeating structure of cross-linked multivalent com-
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ponents and divalent components. Examples of coupling
reactions which may be usable for some reactants include the
Suzuki Coupling and the Yamamoto-type Ullmann Cross-
Coupling.

[0022] In an embodiment, a method for synthesizing a sor-
bent, may include crosslinking multivalent components to
form a cross-linked composition having a regular repeating
structure of formula: —[ XY, |—_ wherein X 1s the multiva-
lent component, Y 1s a cross-linking component, n 1s an
integer ol 2 to 10, m1s an integer greater than or equal to 2, and
the multivalent component comprises C; to C., cycloalkyls,
C. to C;, heterocycloalkyls, C. to C;, aryls, or C; to Cg,
heteroaryls, or combinations thereof. In one embodiment, the
cross-linking Y component may be a covalent bond, or a
divalent component, or combinations thereof.

[0023] In an embodiment, wherein the cross-linking com-
ponent may be an additional divalent component, the multi-
valent component and divalent component may be provided
at a molar ratio of about 1:10 to about 2:1. The cross-linking
may be done by contacting the multivalent component and
divalent component in the presence of a catalyst, which may
be a transmetallation catalyst. In an embodiment the reactant
multivalent component may be pyrene, and the pyrene may be
a tetra-substituted pyrene having a substituent at each of
positions 1, 3, 6 and 8. The substituent may be a halogen, and
in an embodiment, the halogen may be bromine. In an
embodiment the reactant divalent component may be a
polyphenyl, and the polyphenyl may have substituent boron
groups.

[0024] In a further embodiment wherein the cross-liking
component 1s a covalent bond, the cross-linking may be done
by contacting the multivalent component and a catalyst,
which 1n some embodiments may be a transmetallation cata-
lyst.

[0025] One configuration for such a super-absorbent poly-
mer 15 shown in FIG. 1. wherein X represents the multivalent
component and Y represents the divalent component. Regular
repeating triangular-patterned structures, or pentagonal or
hexagonal-patterned structures are also possible, and the pat-

tern would be provided by the configuration of the compo-
nents used.

[0026] The bonding of organic components to form such a
net-like latticework structure produces a polymer having
numerous interstitial spaces that may be capable of accepting
fluid therein. With a multiplicity of cyclic carbon components
providing this structural network, the polymer may be
strongly hydrophobic, providing minimal, if any, interaction
with polar substances (water), while having a strong aflinity,
or attraction for hydrocarbons (oils). Hydrocarbons may
therefore be pulled nto the polymer to occupy the available
space, while polar flmds may be substantially completed
omitted. This type of structural polymer would therefore pro-
vide desirable characteristics for removal of hydrocarbons
from fluids, such as recovery of o1l 1n an o1l spill scenario.

[0027] A polymerhaving such a regular repeating structure
which produces a relatively large amount of interstitial space
and has a strong affinity for hydrocarbons may thereby
exhibit both adsorptive and absorptive characteristics for tak-
ing-up the hydrocarbons. Some hydrocarbons may be
adsorbed to the structure, wherein the molecules adhere to the
structure via interactive bonding. The interstitial spaces, may,
on the other hand, act as a sponge, and soak-up a considerable
amount of additional hydrocarbon. This ability to absorb like
a sponge also enables a large portion of the hydrocarbons to
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be expressed back out of the polymer, for example by apply-
ing pressure to the polymer to squeeze out the hydrocarbon.
The polymer may then once again have free space therein for
re-use of the polymer for soaking-up additional hydrocarbon.
This re-usability may thereby provide a very cost-efficient
product for retrieval of hydrocarbons.

[0028] o provide such a regular repeating ‘net-like’ struc-
ture, at least one of, or both of the X and Y components may
have at least one axis of symmetry. In an embodiment the X
and Y components may be substantially planar. In an embodi-
ment, the X-component may be an organic compound having
a symmetrical structure with at least one axis of symmetry,
such as that of pyrene or phenanthrene, for example.

I
\_/ />_/>/—\ \>

Pyrene

Phenanthrene

The X-component may also have symmetrically located
bonding positions for the cross-linking Y component. The Y
component may also be an organic compound having a sym-
metrical structure with at least one axis of symmetry, such as
that of a para-polyphenyl, for example.

nvavsa

para-Polyphenyl

The R may be one or more additional para-phenyl groups. In
an embodiment, R may be 2, 3 or 4 phenylgroups.

[0029] The X component may be selected from, but 1s not
limited to, cyclopentane, benzene, azulene, naphthalene,
acenaphthylene, biphenylene, acenaphthene, anthracene,
phenanthrene, pyrene, tetracene, triphenylene, phenanthrene,
corannulene, perylene, coronene, bisanthrene, terrylene,
ovalene, circumpyrene, [10]annulene, [14]annulene, [18]an-
nulene, piperidine, oxane, thiane, pyridine, pyran, or thiopy-
ran

[0030] In an embodiment, the Y component may be an
organic compound with two or more phenyl connected to one
another by a covalent bond, —O—, S—, —NR—,
—PR—, —POR—, C,-C, alkyl, C,-C, alkenyl, C,-C, alky-
nyl, or combinations thereof, wherein R at each instance 1s
—H, —OH, or C,-C, alkyl. In one embodiment, the Y com-
ponent may be a polyphenyl having 2, 3, or 4 phenyl groups
connected by a covalent bond.

[0031] Inanalternative embodiment, theY component may
be selected from, but 1s not limited to phenyl, biphenyl,
thiophene, bithiophene, terthiophene, benzo[c]thiophene,
dibenzothiophene, naphthalene, anthracene, pyrene, terphe-
nyl, carbazole, triphenylene, chrysene, benzanthracene, bipy-
ridine, terpyridine, pentacene, benzofuran, dibenzofuran,
benzimidazole, indene, quinoline, phenanthroline, ben-
zothiazole, fluorene, 9,9-diarylfluorene or 9,9-dialkylfluo-
rene or combinations thereof.

Dec. 12, 2013

[0032] Inanembodiment wherein X 1s pyrene, each pyrene
may be bonded to the Y component at positions 1, 3, 6 and 8.
In a further embodiment, wherein Y 1s biphenyl, each biphe-
nyl may be bonded to X at one or more of positions 4 and 4'.
If X 1s pyrene and Y 1s biphenyl, the polymer will have the
structure as shown 1n FIG. 2.

[0033] This superabsorbent pyrene-biphenyl polymer (Py-
BPP) o1l FIG. 2 takes up over 12 times 1ts weight 1in diesel fuel,
and 1s stable at temperatures up to about 500° C. Because of
its non-polar, porous structure, hydrocarbons are able to pen-
ctrate deep 1nto the Py-BPP and polar compounds are sub-
stantially omitted. When placed 1n an oil-water mixture, the
Py-BPP 1s able to remove essentially all of the o1l from the
water, leaving the water substantially o1l free. The Py-BP
may therefore provide an efficient material for clean-up of o1l
spills which occur 1in bodies of water, such as a tanker spill 1n
the ocean. Under some conditions, 100% of the o1l may be
removed from oil-water mixtures. Py-BPP would essentially
function in the same manner in any fluid stream for removal of
hydrocarbons from the fluid, and 1s therefore usable as a tluid
purification material.

[0034] Adter picking up hydrocarbons, at least about 40%
of the hydrocarbons may be recovered from the Py-BPP by
applying pressure and squeezing the hydrocarbon from the
polymer. Under some conditions, such as temperature and
type of hydrocarbons, at least about 60% of the hydrocarbons
have been recovered from the Py-BPP by applying pressure
and squeezing. Further, 1 heat 1s used during the recovery
(temperatures below the vaporization or combustion tem-
perature of the hydrocarbons), either by heating the hydro-

carbon saturated Py-BPP prior to squeezing, or applying heat
during the squeezing process, at least about 90% of the picked

up hydrocarbons may be recovered from the polymer. Any
recovered hydrocarbons may be re-used. In an 1deal embodi-
ment, 100% of the hydrocarbons may be recovered.

[0035] Additional hydrocarbon may be removed from the
Py-BPP by immersing the polymer 1n a solvent which dis-
solves the hydrocarbon and/or heating the Py-BPP to vapor-
1ze or burn oif any hydrocarbons which will vaporize or burn
at temperatures below about 500° C.

[0036] The Py-BPP may be re-used for picking up addition
hydrocarbons, and may be re-used over 100 times without
showing any significant loss of its ability to pick up hydro-
carbons. After use, the wet Py-BPP may be stored 1n contain-
ment vessels, or the wet polymer may be dried prior to stor-
age. Some examples of hydrocarbons which may be able to be
taken up by the Py-BPP include, but are not limited to crude
o1l, gasoline, kerosene, diesel fuel, jet fuel, hexane, ethanol,
methanol and pentane.

[0037] Since Py-BPP has been found to be stable at tem-

peratures up to about 500° C., the polymer 1s also usable in
combustion exhausts for removing hydrocarbon contami-
nants from the heated exhaust stream. Py-BPP provides an
elfective filtering agent for removal of hydrocarbons from
fluids, and also clean-up of hydrocarbon spills from solid
materials as well.

[0038] The Py-BPP may be prepared by at least the follow-

Ing two processes: a Suzuki coupling reaction (shown 1n FIG.
3) of 1,3,6,8-tetrabromopyrene with 4,4'-biphenyldiboronic
acid bis(pinacol); or
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1,3,6,8-tetrabromopyrene
H;C CHj
O O
H;C— \ /  ~t+—CH;
B B
H;C— 1~ ./ \_ __+—CH;
O O
H;C CHj3

4,4'-biphenyldiboronic acid bis(pinacol)

a Yamamoto-type Ullmann cross-coupling reaction (shown in
FIG. 4) of 1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene.

Br /\/Br

=
X

‘ X
(T
\‘/ N
T
Br/\/ N Br
1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene
[0039] Asshown in FIG. 3, a Suzuki reaction 1s a transmet-

allation reaction involving a catalyzed coupling between an
organoboronic compound and halides. The boronic com-
pound 1s activated by a base so that the boron atom enhances
polarization of the organic ligand, and facilitates transmetal-
lation. For synthesis of Py-BPP, the 1,3,6,8-tetrabromopy-
rene (IBP) and 4,4'-biphenyldiboronic acid bis(pinacol)
(BDPE) may be reacted with a transmetallation catalyst in the
presence of a solvent and a base. The reaction time may be
from about 12 hours to about 40 hours.

[0040] Withreferenceto FIG. 3, Ar—X represents the TBP
and Ar'—B(OH), represents the BDPE. The first step in the
reaction, starting {rom the palladium catalyst, 1s the oxidative
addition of palladium to the bromide of TBP to form the
organopalladium species Ar—Pd(I1)—X. Reaction with base
gives an itermediate Ar—Pd(I11)—OH, which via transmet-
allation with the boron-ate complex Ar—B(OH), torms the
organopalladium species Ar'—Pd(I1)—Ar. Reductive elimi-
nation restores the original palladium catalyst leading to the
desired monomers Ar'—Ar. Repetition of the above steps
leads to the super absorbent micro porous polymer Py-BPP.

[0041] Catalysts which may be used include catalysts
which are capable of carrying out a transmetallation with a
halogenated organic compound. Some transmetallation cata-
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lysts which may be used include, but are not limited to tetrakis
(triphenylphosphine)-palladium(0), tris-(dibenzylidene-ac-
ctone)-dipalladium(0), bis-(tri-t-butylphosphine)-palladium,
tetrakis-(triphenylarsine)-palladium(0), dichlorobis-(triph-
enylphosphine)-palladium(1I), benzylchlorobis-(triph-
enylphosphine)-palladium(II), paladacycle catalysts, Bis(1,
S-cyclooctadiene)nickel(0) or combinations thereof.

[0042] Some solvents which may be used include, but are
not limited to dimethyl formamide, dimethyl sulfoxide,
acetonitrile, propylene carbonate, ethylene carbonate,
3-methoxypropiomitrile, methoxyacetonitrile, dimethoxy-
cthane, diethyl carbonate, diethyl ether, diethyl carbonate,
dimethyl carbonate, 1,2-dimethoxy ethane, 1,3-dioxolane,
methyl formate, 2-methyl tetrahydrofuran, 3-methoxy-o0x-
aziridine-2-one, sulfolane, tetrahydrofuran, or combinations
thereof.

[0043] Some bases which may be used include, but are not
limited to potassium carbonate, sodium hydride, sodium
hydroxide, sodium bicarbonate, pyrrolidinopyridine, pyri-
dine, triethylamine, tributylamine, trimethylamine, dimethy-
laminopyridine, diisopropylamine, diisopropylethylamine,
1,8-diazabicyclo[5.4.0Jundec-7-ene, sodium hydroxide,
N-ethyldiisopropylamine, N-(methylpolystyrene)-4-(methy-
lamino)pyridine,  potassium  bis(trimethylsilyl)-amide,
sodium bis(trimethylsilyl)amide, potasstum tert-butoxide,
lithium diisopropylamide, lithium 2,2,6,6-tetramethylpiperi-
dine, butyllithium or combinations thereof.

[0044] The Py-BPP may also be produced by the Yama-
moto-type Ullmann cross-coupling reaction as 1illustrated in
FIG. 4. In this reaction, halogenated aryls undergo a trans-
metallation reaction with a catalyst 1n the presence of a sol-
vent, providing a continuous combination of aryls. For syn-
thesis of Py-BPP 1n accordance with an embodiment, 1,3,6,
8-tetrakis-(4-bromo-phenyl)-pyrene may be reacted with the
transmetallation catalyst in the presence of a solvent.

[0045] With reference to FIG. 4, Ar—X represents the 1,3,
6,8-tetrakis-(4-bromo-phenyl)-pyrene. The first step in the
reaction, starting from the catalyst, would be an oxidative
addition of the nickel to the 1,3,6,8-tetrakis-(4-bromo-phe-
nyl)-pyrene to form the organonickel species Ar—N1—X.
Reaction with additional N1 may then remove the halogen
from the 1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene to pro-
vide an intermediate which may then react with additional
1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene to form the orga-
nonickel species Ar'—NiX—Ar. Reductive elimination
would remove the NiX leading to the desired combinant
Ar—Ar. Repetition of the above steps may vield the super
absorbent micro porous polymer Py-BPP.

[0046] Catalysts which may be used include catalysts
which are capable of carrying out a transmetallation with a
halogenated organic compound. Some transmetallation cata-
lysts which may be used include, but are not limited to bis(1,
S-cyclooctadiene)nickel(0)  tetrakis(triphenylphosphine)-
palladium(0), tris-(dibenzylidene-acetone)-dipalladium(0),
bis-(tri-t-butylphosphine)-palladium, tetrakis-(triphenylars-
ine)-palladium(0), dichlorobis-(triphenylphosphine)-palla-
dium(II), benzylchlorobis-(triphenylphosphine)-palladium
(II), or paladacycle catalysts, or combinations thereof.

[0047] Some solvents which may be used 1nclude, but are
not limited to dimethyl formamide, dimethyl sulfoxide,
acetonitrile, propylene carbonate, ethylene carbonate,
3-methoxypropionmitrile, methoxyacetonitrile, dimethoxy-
cthane, diethyl carbonate, diethyl ether, diethyl carbonate,
dimethyl carbonate, 1,2-dimethoxy ethane, 1,3-dioxolane,
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methyl formate, 2-methyl tetrahydrofuran, 3-methoxy-o0x-
aziridine-2-one, sulifolane, tetrahydrofuran, or combinations
thereof.

Example 1

Synthesis of a Sorbent Polymer by Suzuki Coupling

[0048] An exemplary sorbent polymer, Py-BPP, may be
synthesized from 1,3,6,8-tetrabromopyrene (TBP) and 4,4'-
Biphenyldiboronic acid bis(pinacol) ester (BDPE) in the
presence of the catalyst tetrakis(triphenylphosphine)-palla-
dium(0) mixed at the molar ratios of about 1:2:0.1.

[0049] A first mixture was made by mixing 0.1 g of 1,3,6,
8-tetrabromopyrene (TBP, 0.19 mmol) and 0.15 g of 4.,4'-

Br\ \ Br

\
SNF
i
Br/ =

J
O‘U

Biphenyldiboronic acid bis(pinacol) ester (BDPE, 0.38
mmol) 1 20 ml of dimethyl formamide (DMF) in a nitrogen
atmosphere. The mixture was degassed by four freeze-pump-

thaw cycles to remove unwanted/excess dissolved gases such
as oxygen. For the freeze-pump-thaw cycles, the reaction
vessel was evacuated and refilled with argon or nitrogen gas.
Evacuation and re-filling were repeated one more time. The
mixture was then cooled 1n liquid nitrogen with application of
vacuum (5 bar) to the reaction mixture to solidity the solvent
in the reaction vessel. After complete solidification of the
solvent, the mixture was removed from the liquid nitrogen,
and was moved to, and retained 1n a hot water (45° C.) bath
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until the solvent returned to a liquid state. This process was
repeated four times.

[0050] Following the degassing, 2 ml of 2M potassium
carbonate (K,CO,) 1n water and 45 mg of tetrakis(triph-
enylphosphine)-palladium(0) (38.9 umol) were added to the
mixture. The mixture was again degassed by four freeze-
pump-thaw cycles 1n the manner as set forth above. The
resultant mixture was purged three times with nitrogen gas.
Other possible purging gases may include neon, argon, kryp-
ton, xenon, or radon, or combinations thereof. The purged
mixture was heated to, and maintained at about 150° C. 1n a
schlenk flask for a duration of 36 hours with continuous
stirring to carry out the desired reaction (the Suzuki cou-
pling). This temperature and duration essentially allows for
the resultant polymer to attain its desired functionality and
properties.

[0051] The resultant mixture was cooled to room tempera-
ture and poured into water to dissolve unused potassium
carbonate and other salts such as potassium bromide. The
precipitate was filtered from the mixture and washed with
methanol and dichloromethane. The washed filtrate (the Py-
BPP) was dried in a vacuum at approximately 0.1 bar at a
temperature of about 50° C. to about 60° C.

[0052] To ensure that there were no soluble monomers and
oligomers in the desired final product, the filtrate was purified
by sequential soxhlet extractions with methanol, dichlo-
romethane, toluene and tetrahydrofuran for about 12 hours
cach. Approximately 150 mg of Py-BPP was obtained as a
dark green solid.
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Example 2

Synthesis of a Sorbent Polymer by Yamamoto-Type
Ullman Cross-Coupling,

[0053] An exemplary sorbent polymer, Py-BPP, may be
synthesized from 1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene
in the presence of bis(1,3-cyclooctadiene)nickel(0) catalyst.

[0054] A first mixture was prepared by placing 1 g (1.2
mmol) of 1,3,6,8-tetrakis-(4-bromo-phenyl)-pyrene in 100
mlL of solvent DMF. This mixture was degassed by four

Br

freeze-pump-thaw cycles to remove unwanted/excess dis-
solved gases such as oxygen. For the freeze-pump-thaw
cycles, the reaction vessel was evacuated and refilled with
argon or nitrogen gas. This evacuation and re-filling was
repeated one additional time. This was followed by cooling of
the mixture 1n liquid nitrogen with application of vacuum (35
bar) to the reaction mixture. This solidified the solvent in the
reaction vessel. After complete solidification of the solvent,
the mixture was removed from the liquid nitrogen, and was
moved to, and retained in a hot water (45° C.) bath until the
solvent returned to a liquid state. This process was repeated
four times.

Z
AN
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[0055] Following the degassing, 2.25 g of bis(1,5-cyclooc-
tadiene)nickel(0) (8.18 mmol) was added to the mixture. The
mixture was again degassed by four freeze-pump-thaw cycles
as discussed above. The resultant mixture was purged three
times with nitrogen gas, followed by heating the mixture to,
and maintaining the mixture at about 80° C. 1n a schlenk flask
for a duration of about 12 hours with continuous stirring to
carry out the desired reaction (the Yamamoto-Ullman cou-
pling). This temperature and duration may allow for the
resultant polymer to attain 1ts desired functionality and prop-
erties.

Br

R

AN
NP

[0056] The resultant mixture was cooled to room tempera-
ture and concentrated HCI was added. The precipitate was
filtered from the mixture and washed with chloroform, tet-
rahydrofuran and water, respectively. The washed filtrate (the
Py-BPP) was dried in a vacuum at a pressure ol approxi-
mately 0.1 bar at a temperature of about 50° C. to about 60° C.

Example 3

Characterization of a Sorbent Polymer

[0057] One exemplary sorbent polymer, Py-BPP, was
evaluated with various systems to verity its structure and
evaluate its functionality.
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[0058] N, gas adsorption experiments (77 K) of the poly-
mer (desolvated at 483 K) show a typical type-I profile of the
isotherms with steep uptake at low pressure regions and a
maximum N, uptake of 792 ml./g. This uptake indicates the
micro-porous nature of the polymer. The adsorption 1sotherm
also shows an increase in N, uptake at P/P0>0.8 (PO 1s the
saturated vapor pressure of the gas at 77 K). This may be
attributed to the interparticulate porosity associated with the
meso- and macrostructures of the bulk sample.

[0059] BET (Brunauer-Emmett-Teller) evaluation of the
polymer using a Quuantchrome Quadrasorb-SI analyzer
showed the surface area of Py-BPP to be about 370 m*'g.

[0060] An emission spectra of Py-BPP measured with Per-
kin Elmer Ls55 Luminescence Spectrometer showed a green-
1sh yellow emission at about 500-700 nm with a maximum
emission at about 520 nm. The red-shifted absorption (374
nm), and emission at 520 nm ol Py-BPP compared to tet-
raphenyl pyrene (A_, =320 nm and A_,_=450 nm) and indi-
cates the presence of extended conjugation in the polymer.
These results essentially indicate that the Py-BPP combines
both the micro-porous and luminescent functionalities that
are consistent with 1ts structure.

[0061] The absorbent properties of Py-BPP were invest-
gated with petroleum products such as diesel, petrol, hexane,
and ethanol. The swelling behavior of Py-BPP 1n petroleum
products and ethanol was studied 1n terms of the equilibrium
state of swelling parameter (Q %) and equilibrium solvent
content (H %) that may be calculated from the weight of dried
and swollen polymers using the following equations:

H—((W

wet

W W )x100

Q:(Wwet/wdry)x 100

Where Q 1s the equilibrium state of swelling parameter, H 1s
the equilibrium solvent content, W, 1s the weight of the
polymer belfore absorbing petroleum products, and W, 1s
the weight of the polymer after absorbing petroleum prod-
ucts. The swelling parameter (QQ) varied from 700-1100 and
the solvent content (H) varied from 83-99 for the various
petroleum products. These values indicate that Py-BPP may
be superabsorbent. The swelling process was essentially
instantaneous compared to other polymer absorbents and was
stable for months. Furthermore, this process was able to be
repeated many times using recycled Py-BPP after the desol-
vation process under vacuum. The micro-pores of Py-BPP
may be structurally sound for the diffusion of small gas mol-
ecules, solvation results 1n the structural re-organization of
the aromatic framework, resulting in the observed macro-
scopic swelling. This instantaneous swelling 1s essentially
unknown 1n other micro-porous polymers and provides Py-
BPP 1ts ability to function as a selective absorbent material.

Example 4

Separation of O1l from a Mixture of O1l and Water

[0062] A mixture of 18 ml of commercial diesel o1l and 62
ml of water was made 1n an open beaker (1:3.5 volume ratio).
A first 500 mg of Py-BPP was added and o1l was absorbed. An
additional 500 mg of Py-BPP was added to beaker to absorb
any remaining o1l so that there was a total of 100 mg of
Py-BPP in the beaker. The polymer powder quickly absorbed
the o1l and swelled, increasing 1n size. The Py-BPP showed an
uptake capacity of up to about 12 times 1ts weight for the
collection of o1l. The swelled polymer was scooped out leav-
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ing the water essentially without any traces of o1l. The poly-
mer was then hand squeezed to recover o1l from the polymer.
The polymer was fully recovered, and about 10 ml of o1l
(about 55%) was recovered.

[0063] Similar phase-selective swelling and uptake by Py-
BPP has been obtained for other oils and hydrocarbon sol-
vents. The instantaneous swelling action of Py-BPP allows
for a convenient ambient temperature strategy for o1l recov-
ery, without additional heating and mechanical stirring pro-
cedures.

[0064] As used 1n this document, the singular forms *“a,
“an,” and “the” include plural references unless the context
clearly dictates otherwise. Unless defined otherwise, all tech-
nical and scientific terms used herein have the same meanings
as commonly understood by one of ordinary skill in the art.
Nothing 1n this disclosure 1s to be construed as an admission
that the embodiments described in this disclosure are not
entitled to antedate such disclosure by virtue of prior mven-
tion. As used 1n this document, the term “comprising” means
“including, but not limited to.”

[0065] Inthe above detailed description, reference 1s made
to the accompanying drawings, which form a part hereof. In
the drawings, similar symbols typically identify similar com-
ponents, unless context dictates otherwise. The illustrative
embodiments described in the detailed description, drawings,
and claims are not meant to be limiting. Other embodiments
may be used, and other changes may be made, without depart-
ing from the spirit or scope of the subject matter presented
herein. It will be readily understood that the aspects of the
present disclosure, as generally described herein, and illus-
trated 1n the Figures, can be arranged, substituted, combined,
separated, and designed 1n a wide variety of different con-
figurations, all of which are explicitly contemplated herein.

[0066] Thepresentdisclosureis notto belimited interms of
the particular embodiments described in this application,
which are intended as 1llustrations of various aspects. Many
modifications and variations can be made without departing
from 1ts spirit and scope, as will be apparent to those skilled 1n
the art. Functionally equivalent methods and apparatuses
within the scope of the disclosure, 1n addition to those enu-
merated herein, will be apparent to those skilled in the art
from the foregoing descriptions. Such modifications and
variations are intended to fall within the scope of the
appended claims. The present disclosure 1s to be limited only
by the terms of the appended claims, along with the full scope
ol equivalents to which such claims are entitled. It 1s to be
understood that this disclosure i1s not limited to particular
methods, reagents, compounds, compositions or biological
systems, which can, of course, vary. It1s also to be understood
that the terminology used herein 1s for the purpose of describ-
ing particular embodiments only, and 1s not intended to be
limiting.

[0067] With respect to the use of substantially any plural
and/or singular terms herein, those having skill 1n the art can
translate from the plural to the singular and/or from the sin-
gular to the plural as 1s appropnate to the context and/or
application. The various singular/plural permutations may be
expressly set forth herein for sake of clarty.

[0068] It will be understood by those within the art that, 1n
general, terms used herein, and especially in the appended
claims (e.g., bodies of the appended claims) are generally
intended as “open” terms (e.g., the term “including” should
be interpreted as “including but not limited to,” the term
“having’” should be interpreted as “having at least,” the term
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“includes™ should be interpreted as “includes but 1s not lim-
ited to,” etc.). It will be further understood by those within the
art that 11 a specific number of an introduced claim recitation
1s intended, such an intent will be explicitly recited in the
claim, and 1n the absence of such recitation no such intent 1s
present. For example, as an aid to understanding, the follow-
ing appended claims may contain usage of the introductory
phrases “at least one” and “one or more” to mtroduce claim
recitations. However, the use of such phrases should not be
construed to imply that the mtroduction of a claim recitation
by the indefinite articles “a” or “an” limits any particular
claim containing such introduced claim recitation to embodi-
ments containing only one such recitation, even when the
same claim includes the introductory phrases “one or more”

or “at least one” and indefinite articles such as “a’” or “an”
(e.g., “a” and/or “an” should be interpreted to mean *“at least

one” or “one or more”); the same holds true for the use of

definite articles used to introduce claim recitations. In addi-
tion, even 1f a specific number of an itroduced claim recita-
tion 1s explicitly recited, those skilled in the art will recognize
that such recitation should be interpreted to mean at least the
recited number (e.g., the bare recitation of “two recitations,”
without other modifiers, means at least two recitations, or two
or more recitations). Furthermore, 1n those instances where a
convention analogous to “at least one of A, B, and C, etc.” 1s
used, 1n general such a construction 1s intended in the sense
one having skill in the art would understand the convention
(e.g., “a system having at least one of A, B, and C” would
include but not be limited to systems that have A alone, B
alone, C alone, A and B together, A and C together, B and C
together, and/or A, B, and C together, etc.). In those instances
where a convention analogous to “at least one of A, B, or C,
etc.” 1s used, 1n general such a construction 1s intended 1n the
sense one having skill in the art would understand the con-
vention (e.g., “a system having at least one of A, B, or C”
would include but not be limited to systems that have A alone,
B alone, C alone, A and B together, A and C together, B and
C together, and/or A, B, and C together, etc.). It will be further
understood by those within the art that virtually any disjunc-
tive word and/or phrase presenting two or more alternative
terms, whether 1n the description, claims, or drawings, should
be understood to contemplate the possibilities of including
one of the terms, either of the terms, or both terms. For
example, the phrase “A or B” will be understood to include

the possibilities of “A” or “B” or “A and B.”

[0069] In addition, where features or aspects of the disclo-
sure are described 1n terms of Markush groups, those skilled
in the art will recognize that the disclosure 1s also thereby
described 1n terms of any individual member or subgroup of
members of the Markush group.

[0070] As will be understood by one skilled 1n the art, for
any and all purposes, such as in terms of providing a written
description, all ranges disclosed herein also encompass any
and all possible subranges and combinations of subranges
thereof. Any listed range can be easily recognized as sulili-
ciently describing and enabling the same range being broken
down 1nto at least equal halves, thirds, quarters, fifths, tenths,
etc. As a non-limiting example, each range discussed herein
can be readily broken down into a lower third, middle third
and upper third, etc. As will also be understood by one skilled
in the art all language such as “up to,” “at least,” and the like
include the number recited and refer to ranges which can be
subsequently broken down into subranges as discussed
above. Finally, as will be understood by one skilled 1n the art,
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a range includes each individual member. Thus, for example,
a group having 1-3 cells refers to groups having 1, 2, or 3 cells.
Similarly, a group having 1-5 cells refers to groups having 1,
2,3, 4, or 5 cells, and so forth.
[0071] Various of the above-disclosed and other features
and functions, or alternatives thereof, may be combined into
many other different systems or applications. Various pres-
ently unforeseen or unanticipated alternatives, modifications,
variations or improvements therein may be subsequently
made by those skilled in the art, each of which 1s also intended
to be encompassed by the disclosed embodiments.

1. A sorbent comprising cross-linked units having a struc-
ture of formula:

_[XYH ]—m

wherein:

X comprises a multivalent C; to C,, cycloalkyl, multi-
valent C. to C., heterocycloalkyl, multivalent C; to
C., aryl, multivalent C; to C., heteroaryl, or combi-
nations thereof;

Y comprises a divalent C; to C;, cycloalkyl, divalent C
to C,, heterocycloalkyl, divalent C; to C,, aryl, diva-
lent C; to C,, heteroaryl, or combinations thereof;

n 1s an mteger of 2 to 10; and

m 1s an 1nteger greater than or equal to 2.

2. The sorbent of claim 1, wherein:

nis 2, 3 or4:

the cross-linked units are substantially planar;

X comprises a multivalent C, to C., polycyclic aryl or

multivalent C, to C, polycyclic heteroaryl; and

Y comprises a polyphenyl having 2, 3, or 4 phenyl groups.

3-10. (canceled)

11. The sorbent of claim 1, wherein each X comprises
cyclopentane, benzene, azulene, naphthalene, acenaphthyl-
ene, biphenylene, acenaphthene, anthracene, phenanthrene,
pyrene, tetracene, triphenylene, phenanthrene, corannulene,
perylene, coronene, bisanthrene, terrylene, ovalene, cir-
cumpyrene, [10]annulene, [14]annulene, [ 18]annulene, pip-
eridine, oxane, thiane, pyridine, pyran, or thiopyran.

12. The sorbent of claim 1, wherein each Y comprises two
or more phenyl groups connected by a covalent bond, —O—,

S—,—NR—,—PR—,—POR—, C,-C, alkyl, C,-C, alk-
enyl, C,-C, alkynyl, or combinations thereof, wherein R at
each instance 1s —H, —OH, or C, -C, alkyl.

13. The sorbent of claim 1, wherein:

X comprises pyrene and Y comprises biphenyl;

cach pyrene 1s bonded to a biphenyl at one or more of

positions 1, 3, 6, and 8; and

cach biphenyl 1s bonded to X at one or more of positions 4

and 4'.

14. The sorbent of claim 1, having a repeating structure:
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15. The sorbent of claim 1, having a repeating structure:

16. A method for synthesizing a sorbent, the method com-
prising crosslinking multivalent components to form a cross-
linked composition having a regular repeating structure of
formula:

_[XYH ]—m

wherein:
X 1s the multivalent component;
Y 1s a cross-linking component;
n 1s an mteger of 2 to 10; and
m 1s an 1nteger greater than or equal to 2.

17. The method of claim 16, wherein:

the multivalent component comprises C, to Cg,
cycloalkyls, C. to C., heterocycloalkyls, C to C., aryls,
or C; to C,, heteroaryls, or combinations thereof; and

the cross-linking component comprises a covalent bond, a

divalent component, or combinations thereof.

18. The method of claim 16, wherein the cross-linking
component 1s a divalent component and the cross-linking
comprises contacting the multivalent component and the
divalent component in the presence of a transmettalation cata-
lyst.
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19. The method of claim 18, wherein the catalyst 1s tetrakis
(triphenylphosphine)-palladium(0), tris-(dibenzylidene-ac-
ctone)-dipalladium(0), bis-(tri-t-butylphosphine)-palladium,
tetrakis-(triphenylarsine)-palladium(0), dichlorobis-(triph-
enylphosphine)-palladium(1I), benzylchlorobis-(triph-
enylphosphine)-palladium(Il), paladacycle catalysts, Bis(1,
S-cyclooctadiene)nickel(0) or combinations thereof.

20. The method of claim 18, wherein:

the cross-linking comprises a Suzuki Coupling;

the multivalent component comprises a pyrene having a
halogen at each of positions 1, 3, 6, 8; and

the divalent component comprises a divalent arylboron.

21. The method of claim 16, wherein the multivalent com-
ponent 1s 1,3,6,8-tetrabromopyrene, the divalent component
1s 4,4'-biphenyldiboronic acid bis(pinacol), and the cross-
linking comprises:

combining 1,3,6,8-tetrabromopyrene with 4,4'-biphe-

nyldiboronic acid bis(pinacol) at a molar ratio of about,
a solvent, a base and a transmettalation catalyst to form
a mixture; and

tforming the cross-linked composition 1n the mixture.
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22. The method of claim 21, wherein:
the solvent comprises dimethyl formamide, dimethyl sul-
foxide, acetonitrile, propylene carbonate, ethylene car-
bonate, 3-methoxypropionitrile, methoxyacetonitrile,
dimethoxyethane, diethyl carbonate, diethyl ether,
diethyl carbonate, dimethyl carbonate, 1,2-dimethoxy
cthane, 1,3-dioxolane, methyl formate, 2-methyl tet-
rahydrofuran, 3-methoxy-oxaziridine-2-one, sulfolane,
tetrahydrofuran, or combinations thereof; and
the base comprises potassium carbonate, sodium hydrde,
sodium bicarbonate, pyrrolidinopyridine, pyridine, tri-
cthylamine, tributylamine, trimethylamine, dimethy-
laminopyridine, diusopropylamine, diisopropylethy-
lamine, 1,8-diazabicyclo[5.4.0]Jundec-7-ene, sodium
hydroxide, N-ethyldusopropylamine, N-(methylpoly-
styrene)-4-(methylamino )pyridine, potassium bis(trim-
cthylsilyl)-amide, sodium bis(trimethylsilyl)amide,
potassium tert-butoxide, lithium dusopropylamide,
lithium 2,2,6,6-tetramethylpiperidine, butyllithium or
combinations thereof.
23. The method of claim 21, further including:
combining the 1,3,6,8-tetrabromopyrene and 4,4'-biphe-
nyldiboronic acid bis(pinacol) at a molar ratio of about
1:2 to form a first mixture;
introducing the solvent to the first mixture at a molar ratio
of about 680:1 solvent to 4,4'-biphenyldiboronic acid
bis(pinacol) to form a second mixture;
introducing a base and a transmetallation catalyst to the
second mixture to form a third mixture, wherein a molar
ratio of base to 4,4'-biphenyldiboronic acid bis(pinacol)
1s about 10:1 and a molar ratio of tetrakis(triphenylphos-
phine)-palladium(0) to 4,4'-biphenyldiboronic acid bis
(pinacol) 1s about 0.1:1; and
reacting the third mixture for a period of time suilicient for
forming the sorbent 1n the third mixture.
24. The method of claim 23, wherein the cross-linking
turther comprises:
purging the first mixture with an 1nert gas, or degassing the
first mixture, or combinations thereof, the inert gas com-
prising nitrogen, neon, argon, krypton, Xxenon, radon, or
combinations thereof;
degassing the second mixture;
degassing the third mixture and purging the third mixture
with an inert gas comprising nitrogen, neon, argon,
krypton, xenon, radon, or combinations thereof;
heating the third mixture to a temperature of about 100° C.
to about 160° C., or stirring the third mixture, or com-
binations thereof;
performing the cross-linking for about 12 hours to about 40
hours;
filtering the cross-linked composition from the first mix-
ture followed by at least one of:
washing the cross-linked composition with water,
methanol, dichloromethane or any combination
thereof;
purifyving the cross-linked composition by a soxhlet
extraction with methanol, a soxhlet extraction with
dichloromethane, a soxhlet extraction with toluene, a
soxhlet extraction with tetrahydrofuran, or any com-
bination thereof; and
drying the cross-linked composition in a vacuum at a
temperature of about 50° C. to about 60° C.

25. The method of claim 16, wherein:

the multivalent components each comprise the same mul-
tivalent component; and

the cross-linking component comprises a covalent bond.
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26. The method of claim 25, wherein:

the cross-linking 1s a Yamamoto-Type Ullman Cross-Cou-
pling reaction;

the multivalent component 1s 1,3,6,8-tetrakis-(4-bromo-
phenyl)-pyrene; and

the cross-linking comprises contacting the 1,3,6,8-tetrakis-

(4-bromo-phenyl)-pyrenes 1n the presence of catalyst

b1s(1,5-cyclooctadiene nickel(0).

27. A method for extracting hydrophobic material, the

method comprising:
contacting a composition containing at least one hydropho-
bic material with a sorbent having a structure of formula

—| XY, |—,, wherein:

X comprises a multivalent component comprising a C.
to Cs, cycloalkyl, C. to C., heterocycloalkyl, C; to
C., aryl, C; to C., heteroaryl, or combinations
thereof;

Y comprises a divalent component comprising a C. to
C;, cycloalkyl, Cs to C;, heterocycloalkyl, C. to C;,
aryl, C; to C,, heteroaryl, or combinations thereof;

n 1s an iteger of 2 to 10; and

m 1s an mteger greater than or equal to 2;

wherein the at least one hydrophobic material 1s taken up
by the sorbent by at least one of adsorption and absorp-
tion; and

separating the sorbent with at least one hydrophobic mate-
rial from the composition.

28. The method of claim 27, further comprising removing,

at least a portion of the at least one hydrophobic material from

the sorbent and repeating the steps of contacting, separating,
and removing.
29. The method of claim 28, wherein the removing com-
prises at least one of:
applying pressure to force hydrophobic material from the
sorbent, wherein at least about 60% of the hydrophobic
material 1s removable by applying pressure;
heating the sorbent and applying pressure to force hydro-
phobic material from the sorbent, wherein at least about
90% ol the hydrophobic material 1s removable by apply-
ing heat and pressure;
heating the sorbent to at least one of: vaporize the hydro-
phobic material and burn the hydrophobic material; and
immersing the sorbent in a solvent to dissolve the at least
one hydrophobic material.
30. The method of claim 27, wherein:
the composition containing the at least one hydrophobic
material 1s a liquid, a gas, a solid, or a combination
thereof;
the at least one hydrophobic material comprises liquid
hydrocarbon selected from petroleum products, oil,
gasoline, kerosene, diesel fuel, jet fuel, hexane, ethanol,
methanol, pentane and combinations thereof; and
the method further comprises:
removing at least a portion of the at least one hydropho-
bic material from the sorbent; and
repeating the steps of contacting, separating, and remov-
ing.
31. The method of claim 27, wherein:
the composition containing the at least one hydrophobic
material 1s a surface of a solid;
the contacting comprises dispersing the sorbent onto the
surface; and
the separating comprises at least one of lifting the sorbent
from the surface, dumping the sorbent oif of the surface,
sweeping the sorbent from the surface, and vacuuming,
the sorbent from the surface.
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32. The method of claim 27, wherein:

the composition containing at least one hydrophobic mate-
rial 1s water of an ocean or lake;

the at least one hydrophobic material 1s crude o1l; and

the method comprises:

contacting the water and the at least one hydrocarbon
with the sorbent;

taking up the crude o1l from the water 1nto the sorbent;
and

separating the sorbent having the taken-up crude oil
from the water by at least one of: scooping the sorbent

from the water, suctioning the sorbent from the water,
sedimentation and decanting of the water from the
sorbent, and filtering the sorbent from the water.
33. A filter for extracting at least one hydrophobic material
from a tluid, the filter comprising;:
a sorbent having a structure of formula —[XY |—,
wherein:
X comprises a multivalent component comprising a Cs
to C, cycloalkyl, C; to C., heterocycloalkyl, C; to
C,, aryl, C. to C., heteroaryl, or combinations
thereof:;
Y comprises a divalent component comprising a C; to
C;, cycloalkyl, Cs to C,, heterocycloalkyl, C; to C,,
aryl, C; to C,, heteroaryl, or combinations thereof;

9 ~ A 9
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n 1s an mteger of 2 to 10; and
m 1s an 1nteger greater than or equal to 2.

34. The filter of claim 33, wherein:

X comprises a multivalent C. to C,, aryl having at least one
ax1is of symmetry;

Y comprises a para-polyphenyl having 2, 3, or 4 phenyl
groups; and

the sorbent has a repeating structure:

35. The filter of claim 33, wherein the sorbent has a repeat-
ing structure:
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36. The filter of claim 33, wherein:
the filter 1s re-usable;
the filter 1s configured and arranged to at least one of:
filter at least one hydrophobic material from a liquid;
and
filter at least one hydrophobic material from a gas; and
the method further comprises a support structure for retain-
ing the sorbent, the support structure comprising at least
one of:
a fiber mat having sorbent adhered thereto;
an open cell polymer foam having sorbent incorporated
therein;
a fabric having sorbent adhered thereto; and
a housing for retaining a bed of sorbent therein, the
housing comprising at least one flmd permeable
member for flow of fluid into the housing and into
contact the sorbent.
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