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1)S 11,911,743 B2
1

PERFLUOROALKYL AND
POLYFLUOROALKYL SORBENT

MATERIALS AND YIETHODS OF USE

RELATED APPLICATIONS

This application cLaims priority to U.S. Pmvisional Appli-
cation Ser No 62/NZS.790 filed on Apr 3, 2019, the content
of which is hereby incorporated by reference in its entirety.

BACKCrROUND

Perfluoroalkyl and polyfluoroalkyl substances (PFAS) are
a group of mlmpouuds thai include pcrfluorooctanolc ucid
(PIIOA). perfluorooctanesulfimic acid (PIIOS). and con&-

pounds produced by Ihc GENX process such as 2.3,3.3.-
tetraftuoro-2-(heptafluoropropoxy)propanoate and hep-
tafluoropropyl 1,2,2,2-tetrafiuoroethyl ether. Such hiptly
fluorinated compounds enjoyed widespread industrial use
for many years. owing to their chemical durability, excellent
surfmtant properties, Bnd kcy role as prccursors to fluoropo-
lymers including polytetrafluoroethylene.

Unfortunately, thcsc same pmpertma rmldcr PFAS resis-
tant to degradation in the environment, while ~imultaneously
lcadulg Io bioaccumulatlon when ulgested over tnnc. Some
recent studies have linked Pl'AS to various detrimental
health eflects. most notably elevated levels of cholesterol,
but also kidney cancer. testicular cancer. thyroid disease. and
pregnancy-induced hypertension.

To date. scvcral Iecluiologics lmvc bccn employed to
rcmove PFAS mlmpouuds fmm thc cnviroiunent and from
drinking water. Such technologies include gramilar activated
carbon ((iA( ). ion exchange resins, and reverse osnuisls
(iA('as emerged as a leading solution, but there is con-
tinued need for performance improvements so that the CiAC
is even more eflective at removing PFAS compounds fmm
IEC CIIVllolullCllt slid Irolll dilllklllg w JICI.

SUMMARY

llic disclosure dcscnbes sorbent matcruils that have
improved pcrlhnnmicc In rcmovuig PFAS, uicluduig but not
lunited to PFOA, PFOS, and aunilar compounds from
liquids and gases 'I'he disclosed embodiments include

In one embodiment, there is a method of renuiving
perfluoroalkyl and polyfluoroall yl substances (PFAS) fmm
liquid or gas, the method comprising providing a first
sorbmit material uicluding about 0.5 wt. % to about 2S wt.
'!o of an ion, salt, oxide, hydmxldc, or curbonate of nui~tc-
sium. calcium. strontium, barnun or combuiation or com-
pound thereof to thereby increase the sorbent capacity of the
sorbent material to perfluomalkyl and polyfluoroalkyl sub-
stances (PFAS) relative to sorbent material tliat does not
include the ion, salt, oxide, hydroxide. or carbonate: and
contacting Ihc first sorbent ma(coal with a liquid or gas
contaiiung thc PFAS.

In another cmbodunmit, thc lira( sorbent material uicludcs
one or more of carbonaceous char. activated carbon. reac-
tivated carbon, and carbon black

In another embodiment. the carbonaceous char. activated
carbon, reactivated carbon. or carbon black are fomted from
at lenst one ol'bituminous coal, sub-bituminous coal, hgnitc
coal. mlthracitc coal, wood, wood clups, suwdusto peat, nut
shells. pits, coconut shell, babassu nut, macad;unia nut,
dende mit, peach pit. cherry pit, olive pit, walnut shell,
wood. lignin, polymers. nitmgen-containing polymers, res-

uis. pctrolcum pitches. bagasse, rice hulls, mlru husks, wheat
hulls and chaff. graphenes, carbon nanotubes, or polymer
libera

In another embodiment, wherein the first sorbent material
ls rcactivutcd carbon.

Iii another embodiment, the first sorbent niaterial is a
reag lomerated activated carbon.

In another embodiment. there is a further step of pmvid-
ing a second sorbent material that includes one or more of

I i i
carbonaceous char. actuated carbon, reacuvatcd carbon.
carbon black. natural zeolite. synthetic zeolite, silica. silica
gCI, Blulllllld, idulnlna Clav; zlrCollld, dlatolnBCCoils Cat(ha.
and metal oxides, and contacting the second sorbent material
with thc liquid or gas contaimng Ihc PFAS.

In another embodiment, the first sorbent material includes
one or more of an oxide ofmagnesium, an oxide of calcium.
an oxide of strontium. or an oxide of barium.

In another embodiment, the first sorbent material includes
lc ouc or morc of MgO or CaO.

In another embodiment, the ion. salt, oxide, hydroxide. or
carbonate ol'he lira( sorbent ma(coal is uicludcd in Ihc first
sorbent material by one or more of dry mixing, wet impreg-
nution, chemical vapor dcpositiono or physical vapor dcpo-
Sttl nfl

In another embodiment, the lirst sorbent material includes
about I v't. % to about 20 wt % of an Ion. salt. oxide,
hydroxide. or carbonate of ma~oteslum, calcium. strontium.
barium, or combinations or compounds thereof

In another embodiment, the first sorbent material includes
about 2 wt. % Io about g wn !o of an lon, sall, oxide, or
carbonate of magnesium, calcium. strontium. barium. or
combmations or compounds thereof

Iii another embodiment, the first sorbent niaterial is a
rcactivatcd carbon comprising ious. oxides or carbonates of
calcium, magnesium. sodium. potassium, and mnc, and the
reactivated carbon has not under one any pmcess to remove
or reduce the amount of the iona. oxide~. or carbonates of

Jc calcium. magnesium, sodium, potassium and zinc.
Ill dllothcr embodilllCIII, IEC ICJCnvBu:0 CBlbon lrda not

undergone any acid washing to remove or reduce the amount
of thc Ious. oxulcs, or carbonates of calcium, magncsnun.
sodium, and zinc

l3RIEII DES('RIPI'ION Oli I'I II: DRAWIN(IS

Aspects, features. benefits and advantages of the embodi-
ments dcscribcd hcrcin will be appurmit with regard to Ihc

c following description. appcndcd cluuns, aud accompanying
ilrawlllga wllerc:

ill(i I is a graphical representation of the results of rapid
small scale column testing activated carbon and reactivated
carbon having elevated calcium content.

. 1 FICi 2 is a graphical representation of further results of
rapul small scale column testing ol activated carbon and
rcactivatcd carbon havuig elevated cdlcnun mlntcnt.

FICi 3 is a graplucal rcprcscntauon comparuig thc results
of testing activated carbon. reactivated carbon having

ac elevated calcium content. and activated carbon having
elevated ma nesium content.

FICi 4 is a graphical representation of the results of
testing activated carbons and rcactivatcxf carbons having
clcvil(Cd CBICIOIB COIIICIII.

as FICi 5 Is a graplncal rcprescntation of further results of
testing activated carbons and reactivated carbons having
elevated calcium content
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FIG. 6 is a raphical rcprcscntauon of lurther results of
testing activated carbons and reactivated carbons bavin
clcvated calcium contm&1.

FIG. 7 is a graph&cal rcprcscntauon oi the results of
testin virgin coal-based activate carbons, acid washed
reactivated carbon havmg elevated calcium content, react&-

vated carbon l&avin high calcium content. activated carbon
with high magnesium content, and activated carbon with
pulverize magnesium oxide content.

DE I'AII,EI) DES('I(IVI'ION

This disclosure is not limited to the particular systems,
devices and methods dcscnbcd, as &hase nuiy vary. Thc
tcnninology used in Ihc dcscnpIion is fi&r Ihc purpose of
describing the particular versions or embodiments only. and
is not intended to limit the scope

As used in this document, the singular forms "a," "an,'*

and "the" include plural references unless the context clearly
dictates otherwise. Unless defined othenvise. ail teclufical
and scicntdic Ianna used herein have Ihc same mcamngs as
commonly understood by onc of ordinary sk&ll in Ihc art.
Nothing in this disclosure is to be constmed as an adniission
that the embodiments described in this disclosure are not
entitled to antedate such disclosure by & irtue of prior inven-
tion. As used in this document, the tenn "compri sin "means
"including, but not hmited to."

As used herein, the tern& "about*'eans plus or minus
l0% of the numcncal value of thc number w&th v,hich it is
being used. I'herefore, about 50% means in the mange of

As used herein, the term "sorbent material" is nieant to
encompass all knoiin materials from any source that are
capable of absorbing or adsorbing liquids and/or gases. For
example, sorbent matcnals uicludc, but arc mu limited Io,
aetna&uzi carbon, reacuvatcd carbon, natural and synIhct&c
zeohte, silica, s&l&ca gel. alumina, z&rcoiua, and dintonui-
ceous earths.

As used herein, the term "perfluoroalkyl and polytluoro-
alkyl substmices (PFAS)" means any pe&fluoronlkyl or
polyfluoroalkyl substance, mixture of such substances. or
dcrivauic of one or morc such subsiunccs. Ex unples of
PFAS include pcrtluoroalkyl sulfonaie, pcrfluoroall anc
sulihiuc acid (PFSA), N-Butyl pcrfluoroalkane sulfi&niunulc
(l3ul'ASA), N-l3utyl perfluoroalkane sulfonamido ethanols
(I iul 'AS I I). N-Butyl perfluoroalkane sulfonamido acetic acid
(BuFASAA), N-Ethyl perfluoroafl ane sulfonamide
(EtFASA). N-Ethyl perfhioroalkane sulfonamido ethanol
(EtFASE), N-Ethyl pcrfluoroalkallc sulibllalllldo Bcctic ucid
(EtFASAA), pcrfluoroalkanc sulfonamide (FASA), Pcrfluo-
roalkanc sulfonmnido ethanol (FASE), Pcrfluoroall anc
sulfionamido acetic acid (l&ASAA), N-Methyl perfluoroal-
kane sulfonamide (Mel&ASA), N-Methyl perfluoroalkane
sulfonamido acetic acid (MCFAS&&U»), N-Methyl perfluoro-
alkane sulfonamido ethanol (MeFASE). N-Methyl perfhio-
rooctanc sulfonanudc (MeFOSA), pcrfluoroalkane sulfi&nyl
fluondc (PASF), 4.8-dioxs-3H-perthiorononanoatc, anuno-
nium pertluorooctanoatc (APFO), fluoropmtem (FP), fluo-
rotelomer carboxylic acid (lrl('A), tluorotelomer alcohol
(lrl'OI I). tluorotelomer sulfonate (I& IS), fluorotelomer
sulfonic acid (FTSA). perfluoroallT I acid (PFAA). perfhio-
roalkylsulfonamidoethanol (PFOSE). and any derivatives
thereof. Thcsc include, for cxmuplc mid without limitation,
pcrfli&orooclallolc Beld (PFOA), perthn&roocIBnc sidibnBtc,
pcrfluorooctancsulfoiuc acid (PFOS), 2,3,3,3,-tctraflllo&0-2-
(heptafluoropmpoxy)propanoate, aminoniunl 22k),3-tet-
raflaioro-2-(heptafluoropmpoxy)propanoate, 1.2.2,2-tet-

rathiorocthyl ether. 4.2-Fluorotclomcrsulfonic acul (4:2
litS), 6 2-l&luomtelomeu;ulfonic acid (6:2 I'tg), 8:2-tiuom-
telomersulfonic acid (8 2 I'tS), perfluorobutanoic acid
(VI&l3A), perfluorobutane sulfonate, perfluorobutane sulfi&-

nic acid (PFBS). perfluorohexane sulfonate. perfluoro-
hexane sulfonic acid (PFHxS), perfhiorohexanoate, perfluo-
rohcxanoic acid (PFHxA), 4,8-d&oxa-3H-
pcrfluomnoi&anoatc,;munonium pcrfluorooctanoaic
(AVI&O), N-Ethyl perfluomoctane sulfonaniide (Etl&OSA),

Ie N-Ethyl perfluorooctane sulfonamido ethanol (Iitl&OSI&),

perthiomoctane suifonainide (Vi&OSA), perihiorooctane
sulfonamido acetic acid (FOSAA). perfhiorooctane sulfona-
mido ethanol (FOSE), perfluorobutanoate. perfluorobu-
tanoic acid, pcriluorobutyratc, pcrfluorobutync acid, per-

i& fluoroalkyl carboxylate, perfluoroalkyl carboxylic acid
(VI&('A), perfluorodecanoate. perfluorodecanoic acid
(VI&DA), perfluorododecanoate, perfluorododecanoic acid
(VI&DoA), pertiuorododecane sulficnate (Vl&DCS). pertiuom-
dodecane sulfonic acid (PFDoSA), perfluorodecane

ic sulfonate. perfluorodecane sulfonic acid (PFDS), perfluoro-
hcptanoatc, pcrfluorohcptanoic acul (PFHpA), pcrfluoro-
hcptanc sulfonatc, pcrtluoroheptanc sulibnic ac&d (PFHpS).
perthioml&onanoate, perfluoronona&ioic acid (Vl NA), per-
tluorononane sulfonate. perfluorononane sulfonic acid
(VI&NS), perfluorooctanoate, perfluorophosphonic acid
(PFPA), perfhiompentanoate. perfluoropentanoic acid
(PFPeA). perfluoropentane sulfonate, perfluoropentane
sulfonic acid (PFPeS). pcrfluorophosplunic ac&d (PFPiA).
Pcrfluorotctradccanoic acid (PFTeDA), Pcrfluorotridccano&c

ie acid (Vl& I'rDA), perfluonnindecanoate, perfluoroundecanoic
acid (Vl&UnA), perfhioroundecane sulfonate (VI&UnS), per-
tluoroundecane sulfonic acid (VI&UnSA). or polytetratiuom-
ethylene (PTFE).
Sorbent Materials

ii Thc d&sclosurc provides a 1 aricty oi'orbent maIcnsls
uicluding, but not limited Io, carbonaceous char, acnvatixl
carbon, react&vatnl carbon. carbon black, natural mid syn-
thetic zeolite, silica. silica gel. alumina. alumina clay, zir-
conia, diatomaceous earths, or metal oxides 'lite sorbent

sc materials may be used alone or in combination. In some
embodiments v:here sorbent materials are used in combina-
tion, mull&pie tres&cd sorbcnts arc mixed together, such
tres&cd sorbcnts can bc the same or difli:rmit. In other
cmboduncnts, a sorbent matcnal that is trcatcd as dcscrubixl
herein is combined with a sorbent material that is not treated
i&or example, in an embodiment, a first sorbent niaterial that
is treated according to the disclosure and is one or more of
carbonaceous char. activated carbon, reactivated carbon. or
carbon black and is mixed with a second sorbent that is not

o tres&cd accorihng io Ihc disclosure and is onc or morc of
carbonaceous char. actuated carbon, reacuvatcd carbon.
carbon black, natural and synthetic zeolite. silica, silica gel,
aluniina, alumina clay. zirconia. diatomaceous earths, or
metal oxides.

In some embodiments, the sorbent material is activated
carbon or rcactivatcd carbon. In such cmboihmcnts, Ihc
active&&xi or react&vatcxt carbon is prcparcd from miy pre-
cursor carbonaceous ma&anal known &n Ihc Brt including, but
not limited to bituminous coal, sub-bituminous coal, lignite

se coul, anthracite coal. &vood, v ood chips, sawdust, peat, mit
shells. pits, coconut shell, babassu nut, macadamia nut.
dende nut, peach pit, cherry pit, olive pit, v alnut shell.
Wood. 1&gllill, polv&BC&s. Bl&1'ogcll-colltallllllg pol)'11&C&s, ICB-

uis. pctrolcum pitches. bagasse, rice hulls, corn husks, wheat
si hull» mid chafl; graphcncs. carbon nanotubcs, polymer

fiberg and any other carbonaceous material or combinations
thereof. In some embodiments, the carbonaceous material
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may bc dertvcxt from acnvalcd carbons produced from
various precursors that have been in-use and subsequently
reactivated and/or regenerated In some embodiments, the
sorbent material feedstock is provided in a preoxidized state
In other embodiments, the sorbent material feedstock ls
provided in an unoxidized state.

When Ihc sorbent matcnal is mi active(cd carbon or a
reactivated carbon, il is ol vanous gmdcs and lypcs selected
based on performance requirenients, cost, and other consid-
eratinns In some embodiments, the sorbent material is
activated carbon or reactivated carbon that is in pnwdered
form. In other embodiments, the sorbent material is acti-
vated carbon or reactivated carbon that is annular form,
whcrc such grunular acuvated carbon or reactivated carbon
is formed by pulvcnzuig a precursor carbormcixius malcnal,
fiirming the resultant pulverized material into briquettes, and
subsequently pulverizing the briquettes into the desired size
'I'he resultant granular material is then heated to perfornl
various operations including removal of volatile compounds
and activating the precursor carbonaceous material that Is
includcxl Ihcrmn. Iu sull further embodiments. Ihc sorbmil
malcnal is acnvutcd carbon or rcacuvdlcd carbon Ihnl is in
pelletized fiirm In such embodiments, the sorbent niatenal
is formed by pulverizing a precursor carbonaceous matenal,
extruding the pulvenzcd material along with binder niatenal
into pellets. The pellets are then heated to perform various
operations including removal of volatile compounds and
actn almg the prix ursor carbonaceous malarial lhat is
includcxl Ihcrcin

'lhe sorbent material niade from activated carbon and/or
reactivated carbon is fiirmed by any useful process. In some
embodiments, the activated carbon and/or reactivated car-
bon is formed by carbomzatlon. activation. Bnd/or reactiva-
tion. In some embodiments, the activated carbon and/or
reactivated carbon is lbrmcd by oxidizing mid devolatizing
the carbomiccous matcnal, with sleam antVor carbon dioxnlc
gasdicd to lonn Ihc porc structure in Ihe activaled carbon or
reactivated carbon tlmt gives the activated carbnn or reac-
tivated carbon sorbent material properties 'I'he initial oxi-
dation and devo)atlfization process may include a chemical
treatment with a dehydrating chemical. such as phosphoric
dctd. sUlfUfic Bcul, sodiiini h)'dioxide, piildsstUnl hvdioxiilc,
and combinauous ol'hose.

In some cmbodimcnls. thc acuvatcd carbon is grmiular
activated carbon ((iAC), w:hich is defined as activated
carbon particles sized to be retained on a 50-mesh sieve
(holes of about 0300 mm). In other embodiments, the
activated carbon is pov dered activated carbon (PAC). which
is dclincd as pericles thai pass throu h an 80-mesh sieve
(holes of about 0.180 mm). %bile thcsc particle size ranges
are mmilioned for acuvaled carbon sorbmil nuilcrials, 11 is
also cnntemplated that any of the discloses sorbent mateuals
may be measured by the above 50-mesh and 80-mesh sieve
sizes.

In some embodiments, the sorbent material is a reacti-
1 atcxl sorbent material llrdt has previously had im sorbmil
cap;mity exhausted aud llrdt has been reacnvated lo restore
ai lanai some of Ihc origuial sorbent cupacily Any ol'hc
above listed sorbent materials can be reactivated following
service, and the reactivation can be performed by heat,
pressure. chemical exposure, or combinations of the above.
In some embodiments. the reactivated sorbent material Is
reactivated carbon. Reactivated carbon is manufactured by
hcaluig spent, cxhauslcd acnvaled carbon ui luumccs llml
drc iles oid ofox)'gcn dnd Usnlg slcdnl ds d sch:elise oxkhinl.
l)urin reactivation, absorbed and adsorbed organic cons-
pnunds are either volatilized fmm the activated carbon or

pyrolizcd lo fiirm carbon char. In some embodiments, heal-
ing takes place above about 700'', and the resulting
reactivated carbon may thereafter be reused for various
purposes including water treatment. In some enibodiments,
the temperatlue of heating is about 500" C . about 550',.
about 600'.. about 650" C.. about 700" C., about 750" C..
about 800'., about 850'.. about 900'., about 950" C..
about 1000'.. about 1050', about 1100'., or any ran c
tint is niade nf any nvn or more points in the above list

In In some embndiments, the sorbent material is deployed in
applications that expnse it tn waters tlmt include mineral
content In some embodiments, the minemsl content includes
calcium carbonate which accumulates on the sorbent mate-
nal durmg its use ui liltcring water. In such emboduucnla.
reactivation ol lhc spent sorbent mutcnal rcsuhs in Ihc
following reactimi ('a('Os (s) ('aO (s)+COB (g) As will
be seen in the I ixamples, this regeneration technique results
in reactivated snrbent material having improved sorbent
perfomiance for PFAS compounds, which includes PFOA

zo and PFOS compounds. It is contemplated that the same
pcrfonnancc uuprovcmmils apply nol only lo PFAS com-
pounds, bul also lo other chcmmally similar or chemically
related compounds

In smne embndiments. the sorbent matenal is treated ivith
an ion, salt, oxide, hydroxide. or carbonate of International
Union of Pure and Applied Chemistry (IUPAC) Ciroup 2, the
alkaline earth metals. Of those compounds, Mg, Ca, Sr. Ba.
and combinaliona thcrcol'arc contmnplatcd as useful. Exem-
plary oxides include MgO, CBO, StO. BaO, and combmd-

sn tions therenf I'he combination may be by mixture of the
above listed iona, salts. oxides. hydroxides, or carbonates. or
by chemical combination nf the above listed ions oxide,
hydroxides. or carbonates, in any stoichiometry. Each of the
above mentioned compounds may be used alone or in

)s combmation, and they nuiy further bc used ui any possible
stoicluomclry. Combinauons of onc or morc ious, oxulca.
hydroxides, and carbonates of IUPAC Group 2 are also
contemplated. 'I'he combination may be by mixture. Cr by
stoichionietry or doping, the metals in the oxides that the

do activated carbon is treated with. The treatment of the sorbent
material with one or more treatment materials may be by any
suitable method, includmg dry nuxuig, wct imprcgnanon,
chmnical vapor deposition, physical vapor deposition, or
combmations of the aboic. Furthcnnorc, thc same or dil-
ferent treatments may be used to deposit more than one
nmterial nn the sorbent material. 'I he treatment may also be
achieved as a byproduct of sorbent material use without a
separate treatment step. For example. in some embodiments.
sorbent nuilerials that are used in acuvc scrvicc and wluch

o bimomc hulen with minerals that are oalurally present in
water uicluding iona. oxnlcs mid carbooalcs of calcnun.
mag/tesium, sodium. pntassium. magnesium, and zinc
I:xaniples nf such minerals include but are not limited to
calcium iona. calcium oxides mid hydroxides, calcium car-

.1 bonate (CaCO.,). magnesium iona. magnesium oxides and
hydroxides, magnesium carbonate (MgCOS), sodium iona.
sodium oxulca and hydroxides, sodium carbonate (NBCCO,),
poldssiiinl tons, poIBsstUnl oxulcs Bnd h)'droxidca. potas-
sium carbonate (KBCOS). zinc iona, zinc oxides and hydmx-

an ides, zinc carbonate (gn('0,). and combinations of the
above. The treatment is contemplated to improve the sorbent
perfomiance of the sorbent materials. It is contemplated that
thc Brune pcrfiirmancc improicments apply lo PFAS com-
pounds mcluding PFOA mid PFOS, us well as other chcmi-

as cally similar or chcnucally rclatcd compounds.
I'he amount of the above ion, oxide, hydroxide. carbon-

ate, nr combination ofthose materials is measured by iveight
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with respect to the total weight of lhc lrcatcd sorbmtl
material and the ion, oxide, hydroxide, carbonate. or com-
bination of those matcnal ~ . Thc amount of LILc ion, sall,
oxide. hydmxide, or carbonate is not limited and in some
cmbodimcnts m less than about 25% wn %, less than about
20 ivt. '%. less than about 15 wt 'rl, less than about 10 wt
i'a. less than about 8 wt. %. less than about 6 wt. %. less than
about 4 ivt '%, less than about 2 ivt. 'rl, less than about I wt
'io. less tlmn about 0 9 wt. %. less than about 0.8 wt. %, less
than about 0.7 at. %, less than about 0.6 wl. %, less lluin
akiut 0.5 is t, in, less than about 0.4 wt. %. less than about
03 w 6 %, less lhan about 0.2 wl. %, or less lhan about 0 I

wt %. In some embodiments the amount of the um. salt,
oxnlc. hydroxide, or carbonate ia about 25% wl. %, about 20
wt %, about 15 wt %, about 10ivt. 'rl, abnut 9 wt.%, about
8 wt. i'a, about 7 is t. %. about 6 wt. 'ia. about 5 wt. i'n, about
4ivt. '%. about 8 wt %, about 2 wt %. about I v t %, about
0.9 wt. "ia, about 0.8 wt. %. about 0.7 wt. %a. about 0.6 wt.
'!a. about 05 wt. '!a, about 04 wl. %, about 03 wl. %, about
0.2 wt. "ia. about 0.1 wt. %. or any range formed of any Lif

the above two midpoints. In some embodiments, lhc amount
of the ion. salt, oxide, hydroxide. or carbonate i ~ about I wt
'%o about 10 wt. %. about 2 wt 'i to about 10 wt. %, about
4ivt '%o about 10 wt %. about 6 ivt.% to abnut 10v t %,
akiut I v't. % to about 8 wt. %, about 2 wt. % to about 8 wt.
i'a. about 4 wt. 'ia to about 8 wt. %. about 4 wt. % to about
6 wl. '!a. or about 6 wl. % to about 8 wi. %.

lhc sorbent matcnal can be liinncd by various tech-
niques In one embodiment. the sorbent material includes
activated carbon that is a reagalomerated activated carbon
In reagglomerated activated carbon. the precursor carbona-
ceous material which is usually coal is pulverized to a
powder. The poisder is next mixed with a binder. The
mixture of powder and buidcr is then rcagglomeratcd utto
bnqucues. Thc bnqucnes are then cnishcd and sized. Thc
now crushed and sized bnqucucs arc carbomzcd to lmrdcn
the binder. and finally the cnished, sized, and carbonized
briquette materials are thermally activated 'I'his process
fonna a granulated activated carbon. Durin tlfis process, the
one or more iona, salts, oxides, hydroxides. or carkinates of
IUPAC Gmup 2 clemente, utcludui Mg. Ca. Sr, Ba, and
combutalions can bc addixk In onc cmbodimcnt, pow dcrs of
the iona, salts, oxides. hydroxulca, or carbonates are mixed
with the pulverized coal befiire mixing with a binder. In
another embodiment. a liquid solution of the iona. salts,
oxides, hydroxides, or carbonates is applied to the crushed
and sled briquettes before the carbonizastion step. In another
cmbodimcnt, a liquid soluuon of thc iona, salts, oxides,
hydroxides, or carbonates is mixed after lhc carbonization
step buL before lhc activation step.

In some embodiments. the sorbent material is formed
fmm a precursor that is a spent activated carbon that was
previously used for is ater filtration and ivhich is reactivated.
In particular. spent activated carbon that has been used in
point of usc liltcrs. poutt of entry Iillcrs, portable Iiltcrs. and
municipal drutkutg water Iillrauon Ircqumtlly confnut sig-
Iiilicalil aitiouitm oi iiiorgatiic itiiiicials tlial li:sicli: Litt lite
surface of the activated carbon materials In other embodi-
ment~. Lhe precursor carbonaceous inaterial is a spent acti-
vated carbon that was not previously used for water filtm-
tion, but was used for other applications. The other
applmations include Ibod processing, bcvcrage processing,
sugar rclinutg. wastcwalcr Ircalmcnt, ssastc gas lrcalmcnl,
t;utk cleaning. Lank degassing, and combmalions of thc
above In some embodiments, the spent activated carbon that
was previously used for water filtration contains one nr nlore

uiorganic malcoals llml arc prcscnt ut ground water uiclud-
ing iona, oxides and carbonates nf calcium, niagnesium,
sodium, pntassium, and zinc

In some embndiments. the sorbent material formed front
a precursor that is a spent activated carbon is not treated to
remove any of the inorganic materials that are present in
ground water. This means that thc sorbent matcnal will
uicludc iona, oxides, and carbonates of calcium, magncsnun.
sodium, pntassium, and zinc. In still further enibodiments,

ln the sorbent material formed from a precursor that is a spent
activated carbon is not treated by acid washing to reniove
any of the inorganic materials that are present in ground
v ater. In such embodiments, the one or more tons. salts.
oxides. hydroxides, or carbonates that are prcscnt ui ground
water have been slowly impregnated onto lhc surface of lhc
spent activated carbon, and are retained during reactivation
to thereby fiirm a sorbent material.
I.l sea

The sorbent materials of the disclosure are useful when-
zo ever it is necessary to remove PFAS. PFOA, PFOS or

chmnically sinular or clmmically rclatcd compounds from
liquids and/or gases. including water. Thc rmnoval may bc
for the purpnses of human or animal consumption, or for
environmental remediation. Specific applications include
point of use filters. point of entry filters. portable filters,
municipal drinking water filtration, municipal v aste filtra-
tion. and industrial waste filtration. In some embodiments.
thc sorbent malenals of lhc disclosure arc used alone.
without any other sorbent materials. In some emboduucnla.

sn the sorbent materials nf the disclosure are used in conibi-
natiim with other sorbent materials

Altlmugh the sorbent materials of the disclosure are
primarily disclosed as removin PFAS. PFOA, PFOS, or
chemically similar or chemically related compounds. the use

is of lhc sorbent malcnals is nol so lnniled In still further
cmboduncnts, lhc sorbent malcnals are suitable Ihr rcmov-
uig any compounds mid/or byproducts lhal cause taste and
odor problems in water Such compounds are referred to as
"taste and odor compounds" throughout the application

so Examples of such taste and odor compounds include one or
more of trans-l. 10-dimethyl-trans-9-decalol ("Cieostnin"1.
2-mclhylisoborncol (MIBh isopropylmclhoxypyrazuic
(IPMPA iaobutylmclhoxypyrazuic (IBMPT methyl teruary
butyl ether (MTBEb 2,4-hepladmnal, dccandimial, oclanal.
chlorine, chloramine, chlorophennls, iodoform. hydrocar-
bons, volatile organic coinpounds ('v'0('sh iron. iron oxides,
copper. copper oxides, zinc, zinc oxides, manganese. and
man anese oxidea.

In some embodiments. the sorbent malcnals arc provalixl
o willun a conuuncr. Thc container holds the sorbent malcnals

and allows lhc Iiqunl or gas to Liow on or lluough lhc
container, thus bringin the liquid or gas in contact with the
sorbent materials. In some embodiment~. the container is a
pennment container tlmt is installed within a device or

. a process facility and which is connected by piping or other
Iluid comluils so Lhai lhc liquid or gas tlows lluough lhc
container. From lime to lime. thc spent sorbmil malcnals arc
cmpticd from lhc container mtd rcplaccd by virgin sorbent
nmterials or reactivated sorbent materials. or both, in order

an to ensure that the sorbent materials rentain efi'ective in
removing PFAS. PFOrk. PFOS, or chemically similar or
chemically related compounds from liquid or gas that flows
through thc container. The physical form oi'he sorbent
materials ss itlun lhc conlauicr is not lunilcd, and thc sorbent

as materials can bc prosidcd loose (alone/ or Ibmicd as a
cartndge with other structural materials that hold it in place
or which are mixed as a binder.
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In some mnboduncntu, thc container iisclf is designed to
be replaced rapidly and with minimal change to outside
components such as pumps and mlnduim that convoy Ihc
liquids or gases to the container In such embodiments. the
container is ref(:rrcd Io as a "car(rid c,'* und it cmi bc
conmxtcd and discoruicctcd from surroundmg componmits.
In some mnbodimcntss Ihc cartrld c is disposablcs such as in
consumer drinking water applications In other embodi-
ment~. Ihe cartridge 1( intended to be refurbished. with the
cartridge containing spent sorbent returned for cleaning or
reactivation of the sorbent material, rehlled with fresh virgin
or reactuatcd sorbent material, mid rctumcd Io service
following complcuon of Ihc rclurbishuig opcraIion.

lite above sorbent matcnals may bc usuul alone or in
combination with other matemals In annie embodiments, u

composition i( formed where a (orbent material i( combined
with a binder and molded, extruded. or otherwise formed
into shapes or pellets The binder is not limited and includes
inorganic buider mid organic binder. As cxamplcs of inor-
ganic buider. metals. ceramics, clays, glasses, or combina-
tions of one or more ol'hc above arc conunonly used. As
examples of organic binder(, petroleum resins and/or
pitche(, natural re(m( and/or pitches, polymers, or combi-
nations of one or more of the above are used.

IIXAMPI,I:8

While several experimental Examples are contemplated,
these Examples are intended to be non-limiting.

I(xainple I

A colunui of granulated activated carbon (CIA(') was
constnicted to test for the adsorption of PFAS compounds.
First, mi cxhaustcd stock ol'ILTRASORB 400 (F400) Ilmt
was previously used to tilter municipal dnnkuig v,ster is
provided. Such matcnals arc available Irom Calgon Carbon
('orp. of Moon 'lownship. PA. Illl;I'RASORB 11400 is u
coal-based granular activated carbon having, 2 wt. % maxi-
mum moisture, eff'ective size ofabout 0.55 nmt to about 0 75
nun, and an apparent density of about 0.54 /cm'he
cxliaustcd F400 is rcactivalcd under elevated Icmpcraturcs
with stcam in a rotatui kiln to restore its surface activity and
break down auy orgaruc mlmpounds.

'Hie now-reactivated I'400 is designated as I(400 CMR
(Custom Municipal React) The reactivated I'400 ('R is
similar to vir in F400 material. but because the reactivated
F400 ('MR was previously u(ed to treat groundwater with
clcvated calcium levels, the rcacuvatcd F400 CMR lms a
lnghcr calcium content Ilmn virgin F400 uctivatcd carbon In
Exmnplc l. Ihc F400 CMR had a calcium con)wit of about
0 36 wt. % versus 005 wt % fiir virgin I'-100

Referring now to I'l(i I, the results ofa PI1AS rapid small
scale colunui test (RSSCT) using a PFOA breaktluough
curve is shown. The testing was conducted according to
ASTM D6586-03(2014) but scaled down Io u colunui diam-
ctcr of0.62 cm Thc uilct couccnuduons werc about 0.9 pg/L
PFOA;md about 1.7 pg/L total PFAS aml dura v,as log ixi
to yield a breakxhrough curve. Breakthrough was measured
as the concentration in pg/I. that broke through a colunin of
vir in F400 or F400 CMR. Also shown in FICrb I is the EPA
Health Advisory Limit of 70 parts per trillion, which Is
equivalent to 0.07 pg/L breakthrough mmccntration. Thc
amounts plotted urc amounts of PFOA ui Ihc wutcr.

As shown in FIG. I, the virgui F400 carbon began Io show
elevated concentnutions at about 10,000 bed volunies of
water pa((ing through the carbon in the bed. indicating that

Using the same procedures as above In Example I. a
colunui of GAC was constructed and tcstcxI using Ihc sameI(
virgin I 400 activated carbon and the 11400 GMR reactivated
carbon that has elevated lcvcls ol'calcium as ui Example l.
'I'he resulting columns were tested ivith an inlet concentra-
tion of about 230 ng/L PFOA concentration in v ater, which
is about 230 nanograms pcr liter ol PFOA. Thc total
concentration of pcriluormatcd chemicals (PFC) in thc uric)
water was about 1.2 pg/I . which includes the above con-
centration of PllOA.

I'he results of Example 2 are shown in ill(i 2 In I'l(i 2,

„ the endurance of the CIA('olunui is again shown by the
breaktluough in bed volume equivalents. The virgin F400
began to show signs of brcikthrough at about 70s000 bixl
volumes, while the rcactuatcd F400 CMR only show(xi
signs of breakthrough at about 05,000 bed volunies

Example 3

A MgO agglomerated carbon was prcparcd. Thc MgO
agglomerated carbon i( inanufactured from reagglomerated
metallurgical gmde bituminous coal l)unng the reaggloni-
eration process. the pulverized coal i(as impregnated with
ma~esituu oxides ivhich were added in a dry state.

Au additional CMR rencuvatcd carbon was also prcparixl
and is rcfcrrixl Io as '*CMR High Ca." Thc CMR High Cd
rcactivatcd carbon is similar to mr in F400 carbon and
previously described ('R reactivated carbon, except ('R
I ligh Ga has an increased calcium content The ('R I ligh
C( reactivated carbon as tested had a calcium content of
about 2 wt, %o versus about 03(i wt. %o for CMR and 0.05 wt.
% for virgin F400 carbon.

Thc above dcscribcd F400, MgO A glomcratcds and
F400 High Ca were tcstcd to dctcnninc Ihc suuulatcd dave
ofoperatimi In these test~. the inlet concentration of PllOA+
PI108 was 345 ng/I „ the inlet concentration of PFOA was
185 n /L. and the inlet concentration of PFOS v as 160 ng/L.
The bed volumes (vere tested until they exlubited a break-
through concentrauon of 70 ppt of PFOA, PFOS. or boast

PFOA tuid PFOS (shown as PFOA+PFOS) llic results of
these tests are dcscnbcd in Table I below:

TABLE I

Brou+ Bros Bnoa IBOS

Sausiolc
Bed

Days Vnlumes
Bcd

D:sys Voluascs
Bmt

Days Vnhusscs

9496
M 0
Xaalomecaled
CMB B eh Cia

/ado(st "

6'a)

cml 126 I 14t

174 2 6 3t

19996 2(1 3(S(9
33419 (49 79776

13 1(9066 172 46(7 40 (7626

there wau initial brcakduough of PFOA. Iu mlntrast, FIG. I
shows that the F400 CMR resisted breakzhrough of PFOA
until at least about 20.000 bed volumes of water passing
through the carbon in the bed 1he greater breakthrough bed
volume cxiuivalcnts of water indicutc Ilrdt a liltcr that is
constnicted using a bed of 11400 ('R activated carbon can
absorb and adsorb ~neater mnounts of harmful PFAS com-
pounds than the same filter constructed with virgin 114(X)

activated carbon.
I 1 1

Example 2
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lite spccilicauon chamctcrtstics ol'hc 6;unc llucc acti-
vated carbons in Table I was also tested. This testin
includes results I'or the nppnrcnl density of (hc carbon when
measured using AS I'M 2854-09(2014) 'I'he results of tlus
tcstmg nrc provided below ui Table 2:

TABLE 2

Appai cut Da) a ro 70 pats pe tnlbon
D . )7 (g,'1 (PPt) PH)'t+ Pbog

I'400
Mgo

Aug(uncrated
(MR Hrgb Ca

(about '",Ca)

0 (4
0 Sl

tl )9

90
174

'lhe results of the testing dernonstnste tlmt the treatment of
aetna(cat carbon with venous componcnm lms a signilicmil
etfect on the performance of the activated carbon that is used
as the sorbent for PFOA, PFOS, and/or combinmions of
these trvo classes of compounds found in drinking water
applications.

Mg was pre))ared by adduig 20/o ofpulvcnzcd MgO to CAL
12X40. Thc rcsultuig AdMix MgO 4 8!o as Mg and AdMix
M 0 12% as Mg samples as tested had a divalent cation
content of about 4.8"/o and about 12'/o respectively.

I'he MSO Agglomerated sorbent discussed above was
tested and had a divalent cation content of about 4%. The
M 0 Agglomerated is different than the AdMix MgO 4.8%
as Mg and AdMix MgO 12% as Mg because the MgO in the
MgO Agglomcralcd is added poor to thc cdrbonizing and

in acttvuling ol lhc carbon.
Using the same procedures as above in Example 1. a

colunm of (iA('as constntcted and tested using CAI.
Virgin Carbon (CAL 12X40), Acid Washed CMR 0.65'!o ('a.
CMR Hi h ('a 1about 2 wt. '/o Ca). Agglomerated M O.

,s AdMix M 0 4.8% as Mg, mid AdMix MgO 12'/o as Mg.
Thc aprxificalion charactcnstws of thc GAC werc also

tcstcd. Tlus (cating includes results for lhc pcrcmil of diva-
lent cation measured using Proton Induced X-ray! (mission
(VIXI() I his testing also includes results for the apparent

20 density of the carbon when measured using ASTM 2854-
0912014). The results of this testing are provided below in
Table 3:

Example 4

I.)sing the same procedures as above in ltxample 1. 0
column of (iA('ves constructed and tested using the same
F400 and CMR F400 discussed above. The results of
Example 4 are shov n in FICrS. 4-6. FILI. 4 shows the results
for the adsorption of dlfl'erent PFOA compounds. The endur-
ance of thc GAC columns is shown by (hc PFOA cfllumit
concmitration breakthrough in bcd volume equivalents. Thc
columns were tested ivith an inlet concentration ofabout 153
ng/I VI'OA concentration in tvater, which is about 153
nanograms per liter of VI'OA

FIG, 5 shows the results for the adsorption of 4 2 FtS
(6:2-fluorotelomersulfonic acid) compounds. The endurmtce
of thc CIAC columns ts shown by thc 4.2 FtS cfllumit
concmitration breakthrough in bcd volume equivalents. Thc
columns were tested ivith an inlet concentration ofabout 130
ng/I 4:2 lr(S concentration in water, which is about 130
nanograms per liter of 4 2 FtS.

FIG, 6 shows the results fi)r the adsorption of PFOS
compounds. The endurance of the (IAC colmnns is shown
by thc PFOS efllum)1 tx)nccnlrauon brcaktlm)ugt in bcd
3 olumc cquivalcnts. Thc colunuis werc (cstcd with;ui inlet
concentration of about 177 t)g(1. Vl)OS concentration in
water, rvhich is about 177 nanograms per liter of VFOS

Example 5

A ('MR reactivated carbon was prepared and i ~ referred to
as "Acid Vv'ashed CMR 0 65% ('a " The Acid Washed CMR
0.65'/o ('0 reactivated carbon is the same as the ('R Hi h
('0 described above. except it is acid washed and has
dawrcascd Ca content. Thc CMR Hi h Cd, ulso referred lo as
'*CMR 2 wt. % Cd," as tested had a Ca conlcnl ol'bout 2
w t. %. Thc Acnl Washed CMR 0 64% Cu as lusted had a Ca
content of about 0 65 wt

'livo other samples of (iA( were prepared and are
referred to as "AdMix MgO 4.8% as M ** and "AdMix MgO
12;o as Mg *'hese samples were obtained by addio
pulverized MgO to acuvatcd CAL 12X40 GAC (Calgon
Carbon Corporauon), active(cd carbon from coal-based
rcagglomcratcd bituminous virun carbon. Spccilically,
AdMix MgO 4 8% as Mg was prepared by adding 8% of
pulverized MSO to ('AI 12X40 and AdMix MRO 12% as

TABLE 3

Dn (lent Apparent Bcd Voluntc

R (pl

)s

CAD Vr
Ca(bott

A tdWaaltcrl
CMR0 6 " Ca

CMR2 t 't
Applm r. t« 1

Mvo
idM( Mpo

AdM x '.vlgO

12% w '.vlg

(.i 66

7 t)

40

4s

12 0

(i 49

0 9
t) Sl

t) 4)

(i 49

1740

16162
27930

2)mi

16614

I'he results of Example 5 are shown in l)I(r. 7 I I(i 7
so shows the results for the adsorption of PFOA compounds.

The endurance of the GAC colmnns is short n by the PFOA
cliiucnt concentrauon brcaktl)rough ui bcd volume cquivd-
lcnts Thc colunms werc tested with an inlet tx)nccnlralion of
about 61 ng/L PFOA conccntrauon ui water, which is about
61 nanograms per liter of Vl)OA. 'I he Acid Washed ('R
0 65% ('a began to shmv signs of breakthrough first fol-
lowed by the CAL Virgin Carbon, CMR 2 wt. % ('a.
A glomerated MgO, AdMix MgO 4 8'/o as Mg, and AdMix
MgO 12% aa lVIg.

o Thc present disclosure is nol to bc lunitcd ui terms of thc
purticular cmboduncnts dcscnbcd ui tlus application, wluch
are intended as illustrations of various aspects. Many niodi-
fications and variations can be made without departing front
its spirit and scope, as will be apparent to those skilled in the

. ) art. Functionally equivalent metlmds and appamtuses within
thc scope of lhc disclosure. m addition lo those miumcralrxl
hcrcin, will bc apparmit to those skilled in thc nrt Ibom thc
foregoing descriptions. Such modilicalions nnd vanalions
are intended to fail within the scope of the appended clainis

dn 'I'he present disclosure is to be limited only by the terms of
the appended claims. along vs ith the full scope of equivalents
to which such claims are entitled. It is also understood that
llils rllscl(Ãurc B riot lit)ill(xl 10 particular coi)lposilioiis.
methods, apparatus, mid articles, as thcsc may vary. I( is also

6( to bc understood (liat lhc lcnninology used hcrcui is for lhc
purpose of describing particular embodiments only. and is
not intended to be limitin .
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With respect lo thc usc ol subslanlially any plural;uld/or

singular terms herein. those having skill in the Brt can
translate from the plural to lhc singular and/or from thc
singular to lhe plumtl as ls appropriate to the context and/or
applmdtlon. Thc venous singular/plural pcrmulanons nuly
be expressly set forth herein for sake of clarity

lt will be understood by those vvithin the Brt thar, in
general. terms used herein, and especially in the appended
claims (for example, bodies of the appended claims) are
gcucially'llcndcd ds open (cons (lol cxBnlplc, lhc Icon
"including** should be interpreted as "including but not
lunited to." thc tcml '*bavulg** should bc intcrprctcxt as
"having at least." the ternl "includes" should be interpreted
as '*ulcludes but Is nol hnntcd to,** ct cetera). Wlulc venous
compositions. methods, and devices are described in terms
of "comprising** venous components or steps (interpreted as
meaning "including, but not linlited to"), the compositions,
methods. and devices can also "consist essentially ot'r
'*consist ol" thc vanous components mid steps, and such
terminology should be Interpreted as definin ~ essentially
closed-member roups. It will bc funhcr understood by
those within the arl that lf a specific mmlber of an introduced
claiiu recitation is mtended. Such an intent will be explicitly
recited in the claim, and in the absence of such recitation no
such llltcut Is pl'cscltt.

For exmnple, as an aid to understanding. the followin
appcndcd clauns may wintain uwdgc of thc ullroductory
phrases "at least onc" and "onc or more" to introduce cluun
recitations. I lowever, the use of such phmtses should not be
construed to imply that the introduction of a claim recitation
by the indefinite articles "a" or "an" linlits any particular
claim containing such introduced claim recitation to
embodiments containing only one such recitation. even
when the same cla no includes lhc ullroductory plmi sea "Onc

or ulorc or Bt least onc" and uldclinile arnclcs such as "a"

or '*an" (lbr example. **a" mid/or "an" should bc intcrprctcd
to mean "al least one*'r "one or more"): the same holds tule
fiir the use of definite articles used to introduce clainl
recitations.

ln addition, even if a specific number of an introduced
claim recitanon is cxphcllly recited, lhusc skilled ul the art
will rccogmzc lbal such rccltauon should bc intcrprctcd to
maim al least lhc recited number (lilr example. thc bare
recitation of "two recitations," without other modihers,
means at least two recitations, or nvo or nlore recitatimls)
Furthermore. In those instances where a convention analo-
gous to "at least one of A, B, and C. et cetera** is used, in
general such a construcnon ls ullcnded in lhc scuse Onc
havnlg skill ul lhc drl would angel sldnd lhc convcnfiou (lor
example, "a system having al least one ol'A, B, and C"
would include but not be limited to systenls that have A
alone, l3 alone. C alone, A and 33 together, A and ('ogether,
B and C together, and/or A, B, and C together. et cetera). In
those instances where a convention analogous to "at least
onc of A, B, or C, cl cclcra** is uscxl, ul general such a
couslrucnon ls ultcudcil ul lhc scuse Onc hdvhlg skill ul lhc
drl woukl undcrsmnd lhc convcnnon (for cxluuplc, d svs-
tem having at least one of A. ! 3, or ("'ould include but not
be liiuiled to systems that have A alone, )3 alone. ('lone, A
and B to ether. A and C together, B and C together. Bnd/or
.A, B, and C together, et cetera). It will be further understood
by tlxisc within lhc Brt that virtually mly dlsluncnvc word
and/or pludsc prescnlulg two or more allcmanvc lcmls,
whclhcr in thc dcscnpnon, clmms, or drawm s, should bc
understood to contemplate the possibilities of including one
of the terms, either of the terms. or both terms I'or example,

thc phrase "A or B" will bc understood to ulcludc lhc
possibihties of "A** or "l3" or "A and l3."

In addition, where features or aspects of the disclosure are
described in terms of Markush groups. those skilled in the
art will reco nize that the disclosure is also thereby
described in terms of any individual member or subgroup of
members ol'hc Markush roup.

As will bc understood by onc skilled ul lhc art. for any and
all purposes, such as in temis of providing a wntten descrip-

t o tion, all mtnges disclosed herein also encompass any and all
possible subranges and combinations of subranges thereof
Any hated range can be easily recognized as sulficiently
describing and enabling the same ran e being broken down
uilo dl lc'dsl cqulll hillvcs, thirds, quBNCIS. Bilks, tenths, cl

la cclcra Aa d nou-huutulg cxanlplcx each range dlacussixl
herein can be readily broken dolvn into a lower third. middle
tlurd and upper third. et cetera 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

20 ranges that can be subsequently broken dov n into subranges
as dlscussixl above. Filially. as will be understood by onc
skilled in thc arl, a rnngc includes each individual member.
'I'hus, for example, a gmup having 1-2 cells refers to gmups
having I, 2. Or 2 cells Similarly, a group having 3-5 cells
refers to groups bavin 3, 2, 2. 4, or 5 cells, and so forth

Manous of the above-disclosed and other features and
functions. or alternatives thereof, may be combined into
uuuly'lhcl dllh:real sv'steals or Bpphi atlous. v/allous plcs-
cnlly unlorcsecn or unannclpatcd altcmalivca, modilicd-

Io tions, variations or improvements therein may be subse-
quently made by those skilled in the ait. each of which is
also intended to be encompassed by the disclosed embodi-
ments.

The invention claimed is:
li 1 A method ol removing pcrtluoroalkyl and polyfiuoro-

alkyl substances (PFAS) from hquld or gas, thc method
composing.

providing a tirst sorbent material. wherem about 0 5 wt %

to about 25 wt % of the first sorbent material comprises
do a salt, oxide, or hydroxide of magnesium. calcium.

strontium. barium or combination or compound thereof
to thcrcby ulcrense tlm sorbent capacity of thc sorbent
material to pcrlluoroalkyl mid polyfiuoroalkyl sub-
stances (PFAS) relative lo sorbent matcual thai does
not include the salt, oxide. or hydroxide, and

contacting the first sorbent material with a hquld or oas
containing the PFAS. Vvherein the i)rat sorbent material
includes one or more of carbonaceous char, activated
carbon, aml rcacllvalcd carbon

o 2 Thc method of clmm 1, whcrcin thc cdrbooaccous char.
actlvalixl carbon. rcactivalcd carbon, or carbon black arc
formed from at least one ofbituminous coal. Sub-bituminous
coul, lig/ute coal, anthracite coal, lvood, wood chips, saw-
dust. peat, nut shells, pits, coconut shell. babascu nut.

. I macadamia nut, dende nut, peach pit. cherry pit, olive pit.
walnut shclk wood, hgnln, polymers, nitrogen-contailung
polymers, resins, pclrolcum pitches, bagasse. ncc hulls, cont
husks, wheal luills mid cludl; graphencs, carbon nanolubca.
or polymer fibers

so 3 l'he metlxld of claim 1. wherein the first sorbent
material is reactivated carbon.

4 The method of claim k ~herein the first sorbent
material is a rcagglumcrated activated carbon.

5 Thc method of claim 1, further compnsulg
ai providing a second sorbent malcnal lhal includes onc or

nmre of carbonaceous char. activated carbon. reacti-
vated carbon, carbon black. natural zeolite, synthetic
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scuble, stile'd, sllli:a gel, alullllIla, aliillillla clay, Llrco-
nia. diatomaceous earths, and metal oxides, and

contacting Ihc six ond sorbent matenal with Ihc ltttutd or
as contaming the Plogg

6. Tlic method of claun 1, wherein the lirst sorbmit
material includes one or more of an oxide of magnesiuni, an
oxide of calcium, an oxide of strontium. or an oxide of
barium

7. The method of claim 6, wherein the first sorbent
material includes one or more of MgO or CaO.

8. Thc method ol'laun 1, whcrcin Ihc suit, oxulc, or
hydroxide of thc lirst sorbent matenal is uicluded ui Ihc lirst
sorbent material by one or more of dry mixing, wet impreg-
nation, chemical vapor deposition. or physical vapor depo-
sII1011.

9. The method of claim 1. wherein about 1 wt. % to about
20 wt, % of the first sorbent material comprises a salt. oxide,
or hydroxide of ma nesium, calcium, stronuiun, barnun, or
combuiations or compounds Ihcrmif.

10. Thc method of claim 9. whcrmn about 2 wt. % Io
about 8 v't % of the tirst sorbent material comprises salt,
oxide, or carbonate of magnesium, calcium, strontium,
barium, or combinations or compounds thereof

11. The method of claim 1, wherein the first sorbent
material is a reactivated carbon compnsing oxides of cal-
cnim, magnesium, sodium, potassium, mid zinc, and Ihc
rcactivatcd carbon has not undergone any process to rcmove
or reduce the amount of the oxides of calcium. niagnesium,

Ie sodium, potassium and zinc.
12. l'he method of claim 11, wherein the reactivated

carbon has not under one miy acid washing to remove or
reduce the amount of the oxides of calcium, magnesium.
sodium. and sure.

Ii 13. Thc method of claim 1. whcrcin thc lirst sorbent
nmterial includes one or more of a carbonate of niagnesium,
a carbonate of calcium, a carbonate of strontiuin, or a
carbonate of barium.

r s s
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