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BACKGROUND OF THE INVENTION

10 Contaminants, such as mercury, may be removed from flue gases and from

exhaust emitted from power plants by halogenated activated carbon sorbents and non-
carbon sorbents. Methods to make halogenated activated carbon comprise
halogenating an activated carbon sorbent and milling the halogenated activated
carbon.

15 Halogens are typically in an aqueous solution during the halogenation process
and/or milling process. Aqueous halogen solutions are corrosive and corrode moving
parts of mills used to mill halogenated activated carbons. This adversely affects
milling operations. For example, corroded mill parts do not function well and
repeated replacements and maintenance issues slow down production. The effects on

20  milling operations result in high costs associated with part replacement and time lost
to shutting down of production lines for repair or maintenance.

In addition, present methods of making halogenated activated carbon sorbents
do not produce uniformly halogenated sorbents. This greatly affects the contaminant

removal efficiency of the halogenated sorbents.



2 SUWMNVARY The present disclosure, in sone enbodinents relates to
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atom zed15  impregnant sorbent having a substantially uniform 1mpregnant distribution and a
substantially high impregnant incorporation into a sorbent.

In some embodiments, an apparatus of the disclosure may comprise a mixing
vessel having a cylindrical vessel, also referred to as an impregnation cylinder, and
may have one or more atomizers disposed therein. The impregnation cylinder may be

20  designed to generate a turbulent formation of inflowing sorbent particles. Atomized
droplets of impregnant may be sprayed onto the turbulent flow of sorbent at multiple
points allowing contact and mixing of sorbent and impregnant droplets.

In some embodiments, components of an apparatus may comprise devices
and/or software to synchronize one or more steps, regulate reaction conditions and/or

25  perform an operation cycle.

In some embodiments, methods for impregnation of a milled sorbent are
described and may comprise contacting a milled sorbent with an impregnant to allow
maximum surface area of a milled sorbent to be contacted with impregnant. Methods
of the disclosure may result in an increased residence time of reactants.

30 In some embodiments, methods for impregnation of an un-milled sorbent are
described and may comprise contacting a sorbent that is not milled with atomized

droplets of an impregnant. In some embodiments, turbulent mixing of sorbent and
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throughput which also results in cost savings. Yet another technical advantage of
some embodiments may include elimination of cross contamination of a mill by a
halogen or other impregnant. Therefore, a mill may be used for multiple processes
because halogen contaminants do not contact mill parts.
20 A technical advantage of some embodiments may be a continuous process that
may be efficient, consistent and less expensive for impregnating a milled sorbent.
The adsorption of impregnant and/or the increased evaporation of moisture may be
increased by a milled sorbent. Additionally, a decrease in caking and plugging of mill
parts by impregnated sorbent may occur. A technical advantage of certain
25  embodiments may also include an increase in flowability of the impregnated sorbent.
| Various embodiments of the disclosure may include none, some, or all of the
above technical advantages. One or more other technical advantages may be readily

apparent to one skilled in the art from the figures, descriptions, and claims included

herein.



BRI EF DESCRI PTI ON OF THE DRAW NGS For a nore conpl et e understandi ng
of the present disclosure, its features and advantages, reference is now
made to twe 20md3eseisng descri ption, taken in conjuncti onPartus2a4ih®49056
acconpanyi ng drawings, in which: 5FIG 1 illustrates an exenpl ary apparatus
operable to inpregnate a sorbent having a m xing vessel conprising a

coni cal m xi ng chanber, according to one ¢gxanple enbodi nent; FIG 2A
illustrates a m xi ng vessel having a conical m xing chanber, according to
one exanpl e enbodinent; 10FIG 2B illustrates a top-view of a m xing vessel
havi ng a CO”WEF@%@@?ﬂ@ﬁéF’T}%m@ one exanpl e enbodi nent;

FIG 2C depi in a mxing vessel having a
coni cal m xi ng ch&wbemorecoarpdétagniastandingofinind preseriv aliichasnte, its features and FI G

2D illustrates differept parts of a, m xjin essel, havi.n coni cal m.xin
15 chanber oﬁaﬁ”@geéﬂ,e?eé SrHnAY T%deoﬁqéh%goal 188 élﬁ%%’tﬂ’lnﬂgm Ken 1 conjuRCHEpn 2%

illustrates gvi{ht}hggcéj;rﬂ@ﬁﬁjngqﬁéwmgg%thiéjj;fferent parts of a m xing vessel
havi ng a conical m xing chanber as shown in FIG 2B, according to one

exanpl e efrbodi nenfFIGFIGllugtFated husxemplasy appanetusioperableotpaimpeanetof Wbk ng
vessel having a conical 20 mxing chanber shqowi ng handl e 56 rdi to
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one exanpl e i I mensiona ew of a
m xi ng vessekxdiaplerRehbddemditcal m xi ng chanber as shown in FIG 2F,
according to one exanmple enbodinment; FIG 3 illustrates_ an exenpl
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10 FIG. 2B illustrates a top-view of a mixing vessel having a conical mixing
chamber, according to one example embodiment;

FIG. 2C depicts an example flange comprised in a mixing vessel having a
conical mixing chamber, according to one example embodiment;

FIG. 2D illustrates different parts of a mixing vessel having a conical mixing

15  chamber of FIG. 2A, according to one example embodiment;

FIG. 2E illustrates a three dimensional view of different parts of a mixing
vessel having a conical mixing chamber as shown in FIG. 2B, according to one
example embodiment; '

FIG. 2F illustrates a two-dimensional view of a mixing vessel having a conical

20  mixing chamber showing handle 56, according to one example embodiment;

FIG. 2G illustrates a three-dimensional view of a mixing vessel having a
conical mixing chamber as shown in FIG. 2F, according to one example embodiment;

FIG. 3 illustrates an exemplary apparatus operable to impregnate a sorbent
having a mixing vessel having a cylindrical mixing chamber, according to one

25  example embodiment;

FIG. 4 illustrates a mixing vessel having a cylindrical mixing chamber,
according to one example embodiment;

FIG. 5A illustrates an exemplary method for impregnating a milled sorbent,
according to one example embodiment;

30 FIG. 5B illustrates an exemplary method for impregnating a milled sorbent,

according to one example embodiment;



25 exanpl e enbodi nent; FIG 4 illustrates a m xing vessel having a
cylindrical m xing chanber, according to one exanpl e enbodi nent; FI G
SA il ustwater/ancoexenpl ary method for inpregnating a mpCiras2sionkmns
according to one exanple enbodinment; 30FIG 5B illustrates an exenplary
met hod for inpregnating a mlled sorbent, according to one exanple

enbodi nent; WD 2012/ 030604PCT/ US2011/ 049656 5 FIG 6 illustrates an
exenpl ary nethod for inpregnating a sorbent, according to one exanple
enbodi ment; FIG 7 illustrates an exenplary nethod for inpregnating
a sorbent using apisXiRGuGEIn ARMIpy Indidt foRlimBloghBtng b asibeit, acoedingi ng
to one exanple 5 enbodi nent; and FIG 8 illustrates an exenpl ary
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10 DETAILED DESCRIPTION

It should be understood at the outset that, although example implementations

of embodiments of the disclosure are illustrated below, embodiments of the present
disclosure may be implemented using any number of techniques, whether currently
known or not. The present disclosure should in no way be limited to the example
15  implementations, drawings, and techniques illustrated below. Some embodiments of
the disclosure and associated advantages may be best understood by reference to
FIGS. 1- 8 wherein like numbers refer to same and like parts.
The present disclosure, in some embodiments, relates to methods and
apparatuses and/or devices for making impregnated sorbent compositions that may be
20 used to decontaminate fluids. Compositions of the disclosure, i.e., impregnated
sorbents, may be operable to remove, lower, and/or reduce contaminants, hazardous
materials and/or pollutants such as mercury, fly ash, acid gases, dioxins, furans,
mercury-containing compounds, heavy metal compounds, biologicaﬂ toxins from
other polluted/contaminated fluids such as industrial fluids, exhaust gases, power
25  plant emissions, contaminated blood or other biological fluids.
In some embodiments, the disclosure provides apparatuses designed to
impregnate a sorbent. FIG. 1 illustrates a process flow diagram showing an apparatus
10 comprising a mixing vessel 50 having a conical mixing chamber operable to
impregnate sorbent 20 from an impregnated sorbent 165, according to one example
30 embodiment.
Sorbent 20 may include any sorbent that may be used for decontamination

applications and may comprise any material operable to adsorb and/or chemically
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bottom end 59 of mixing vessel 50 having a conical mixing chamber via pump 40 as a
dilute phase sorbent with compressed air or low pressure air 60. A dilute phase

20  sorbent conveying refers to a solid or a sorbent conveyed by a gas where the gas
velocity exceeds the saltation velocity.

40 represents a pump that is operable to transfer energy from one fluid to
another. In some embodiments, 40 may be an eductor or a jet-pump. Pressure valve
91 may regulate the flow. Component 151 may comprise a thermocouple to measure

25  temperature of the gas entering mixing vessel 50.

Mixing vessel 50 having a conical mixing chamber (also referred to herein as
cone 50) is a cone shaped vessel having a first end or top end 58 and a second end or
bottom end 59. Mixing vessel 50 having a conical mixing chamber may be lined
and/or comprised of a corrosion resistant and temperature transfer resistant material.

30  Mixing vessel 50 having a conical mixing chamber may be made from a variety of
material including non-limiting examples such as stainless steel, dual composite

material comprising polyvinyl chloride (PVC), reinforced polyester or others. In
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M Xi ng chanbey a oeicdlaviembert @sopatltd abofidm chamber). Atomizer 130 may be disposed
toward top end 58 of mixing vessel 50 having a conical mixing chamber. In some
embodiments, mixing vessel 50 having a conical mixing chamber may comprise

10  multiple atomizers (not expressly depicted). Product discharge tube 140 may be
disposed toward top end 58 of mixing vessel 50 having a conical mixing chamber.
Product discharge tube 140 may also be referred to variously as discharge tube or
discharge chute.

The shape of mixing vessel 50 having a conical mixing chamber may be

15 designed to allow for turbulence formation in bottom portion 54 of vessel 50
following the flow of sorbent 20 and compressed air 60 through second end 59. In
some embodiments, mixing vessel 50 having a conical mixing chamber may be
designed to generate a turbulence formation having flow and dynamics for efficient
mixing of milled or non-milled sorbent 20 with atomized droplets of impregnant 100.

20 In some embodiments, construction of mixing vessel 50 having a conical mixing
chamber with temperature transfer resistant material may be designed to facilitate
maintenance of the temperature of a reaction in cone 50 within a range where
impregnant 100 remains in an aqueous phase and is not converted into a gaseous
phase.

25 Mixing vessel 50 having a conical mixing chamber may also be designed to
have a reverse flow for discharging impregnated sorbent 165 via product discharge
tube 140 out of cone 50. The shape of mixing vessel 50 having a conical mixing
chamber may be operable to reduce or prevent caking and plugging of outlets and
inlets by components of the reaction or by a product. In some embodiments,

30 maintenance of turbulent velocity during the formation and drafting may reduce or
prevent caking or plugging. Other embodiments relating to mixing vessel 50 having a

conical mixing chamber are described in sections below and in FIGs. 2A-2G.



that is a cylindrical chanber (also called a top chanber) and a bottom
portion 54 that is a conical chanber (also called a bottom chanber).

At om zer WBQomengodwe di sposed toward top end 58 of m xi ngcrassah/nsdshavi ng a
coni cal m xing chanber. In sone enbodi nents, m xing vessel 50 having a

coni cal m xi ng chanber may conprise 10 nultiple atom zers (not expressly
depicted). Product discharge tube 140 may8be di sposed toward top end 58 of
m xi ng vessel 50 having a conical mxing chanber. Product discharge tube
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2012/ 030604 PCop820ddl4i04oaediar 130.  Apparatus 10 may al so conpri se

conpressed air soyrce 70 in onpressed air. 60 . i vered
(or fed) with sor me%n{]m/dom%%ﬁ gﬁ?tgﬂlggéﬁcg?talﬁle&?(ﬁg&%ggege\{l Qg{gﬁﬁg@?ﬁ%@a
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some enbodi méht lnoo‘e}rpresse air 60 may be at a pressure of about 90 ACFM

to about 900 ACFMAfcafipsresXethagi be @perable anapmiize impyappant h0Q rioigeatpmared
conbi nations thereof. 10Conpressed air source, 70 maa¥ al so fdjglpl )é conlpi;lessed
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20 to atomize impregnant 100 into atomized droplets that are similar in size to the size of
milled sorbent 20. In some embodiments, atomizer 130 may be operable to atomize
impregnant 100 into droplets having a size range of about 10p to about 30p.
However, teachings recognize that atomized droplets of other sizes may be used as
well and the present disclosure is not limited to droplets in the size range of 10p to

25 V3Ou. In some embodiments, more than one atomizer 130 may be used (not expressly
depicted).

Atomizer 130 may be operable to spray atomized aqueous impregnant at an
angle of 10° to 15° relative to the turbulent flow of sorbent 20. The angle of spray of
atomizer 130 may be broad enough to distribute impregnant 100 to substantially all

30 vparticles of sorbent 20. The angle of the atomizer spray may also be designed to
avoid spraying the exiting product 165.
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sonme enbodi mavidmsual eqped ataysbelty hayarbepesdtarst ed, shut - sown and

Automated controls, manual controls and/or combinations thereof may be used

for maintenance operations. Maintenance operations may include washing one or
more components of apparatus 10.

25 Automated controls may also be used for one or more of the following
including: synchronization of input of sorbent and compressed air, synchronization of
input of aqueous impregnant and compressed air for atomization, controlling
residence time in the apparatus cone (or mixing vessel 190 comprising a cylindrical
mixing chamber as described later), and exiting of impregnated product.

30 In an exemplary embodiment, sorbent 20 flows through apparatus 10 to form
an impregnated sorbent 165 in mixing vessel 50 having a conical mixing chamber.

Teachings of the disclosure may be used to impregnate any sorbent 20 with any
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manual steps. Manual control may be by human operators. Aut omat ed
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mai nt enance operati ons. Mi ntenance operations may include washi ng one or
nore conponents of apparatus 10. 25Automated controls may al so be used for
one or nore of the follow ng including: synchronization of input of sorbent
and conpressed air, synchronization of input of aqueous inpregnant and
conpressed air for atom zation, controlling residence tine in the apparatus
cone (or m xi; e I Si i [ ok hash
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10bel ow. 10  beldvwtpr egnant 100 may be any chemnical or biochem cal agent that

may be inpregnated into sorbent 2Q. |npregnant 1Q0 .be operable to
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i npregnants may include hal ogens, sulfur, silver, or cations, such as A,
20 Mh, Zn, Faletaxify a0decontaminamg ospjoicragants , Imprpgnagh 200 mpydanap heghpifingy o

hal ogen. Exenpl ary hal.ogens jn_agueous ase i fl '

chlorine (C ggf Br‘}éﬁfaﬁ%m%%ra}ndaﬁla Lo %bc?$511§ mlixng}r%gl @%gfgagﬁgﬁ%epg)g%g%){% of
the di scl osurcBefmeall¢OBRb] S8p@ied, t ndPsiCRelastivelyt bigd d icohtagfindnd. s NbindimitiNg) or
potassium (K), acids such as but not limted to hydrochloric acid (HCl), or

bases. |n sormxaiissdif impregnants mayjnelyda helogens. malirpalyes rraligibsieh phabe.

An_aqueoys piase, . $OTR 1 Bl l%%dgﬁ'éntﬁxi?rgﬁ?n!:%ant &%g%%y%nggﬁsgk@a halogen.

enbodi nmen an ‘aqueous ’so on o umb e e used as an
i mpregnant . |Bxeaipiarg XBatpgenseimb aquemmst phasé anapfinsladdehtori2®, (R)hrcblogine (C),
apparatus 10’br(r)rr%¥ne (Br) and iodine (I). Example halogen impregnants of the disclosure may
comprise salts such as but not limited to sodium (Na) or potassium (K), acids such as
but not limited to hydrochloric acid (HCI), or bases. In some embodiments,
25  impregnant 100 may be in an aqueous phase. An aqueous phase may comprise water.
For example, in one example embodiment, an aqueous solution of sodium bromide
(NaBr) may be used as an impreghant.
In one example embodiment, flow of sorbent 20, through apparatus 10, may
begin with delivery of sorbent 20 from sorbent delivery chamber 30 into bottom end
30 59 of mixing vessel 50 having a conical mixing chamber. Delivery and flow of

sorbent 20 into mixing vessel 50 having a conical mixing chamber may be facilitated

by compressed air source 70 having compressed air 60. Accordingly, compressed air



begin wth delivery of sorbent 20 from sorbent delivery chanmber 30 into
bottom end 30 59 of m xing vessel 50 having a conical m xing chanber.
Del i very woaofdwowoef sorbent 20 into mxing vessel 50 hacirrg@ivonseal
m xi ng chanber may be facilitated by conpressed air source 70 having
conpressed air 60. Accordingly, conpressed air WO

2012/ 030604PCT/ US2011/ 049056 11 60 and sorlbent 20 nmay be delivered

si mul taneously into bottomend 59 of mxing vessel 50 having a conical
m xi ng chanber and may be regul ated by one or nore of regulator 81,
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15 100 from container 101 into atomizer 130 may be facilitated by pump 110, pressure
valves 94 and 95, rotameter 120, and element 96. ‘Compressed air 60 from
compressed air source 70 may be delivered into atomizer 130 simultaneoﬁsly with
impregnant 100. Compressed air 60 along with impregnant 100 enter atomizer 130
and may be atomized into atomized droplets of impregnant 100 as they enter top end

20 58 of mixing vessel 50 having a conical mixing chamber.
In some embodiments, a finer particle size of atomized droplets of impregnant
100 formed by atomizer 130 may result in a larger surface area of impregnant 100
operable to contact sorbent 20. In some embodiments, atomizer 130 may spray
atomized impregnant 100 at an angle relative to the turbulent flow of sorbent 20. In
25  some embodiments, the angle of spray of atomizer 130 may distribute impregnant to
substantially all particles of sorbent 20. The angle of spray relative to the turbulent

flow of sorbent may be but is not limited to 10° to 15°.

As atomized droplets of impregnant 100 flow in through atomizer 130 into
first end 58 of cone 50, the atomized droplets come in contact with a turbulent
30 formation comprising milled sorbent 20 and compressed air 60. This results in
mixing sorbent 20 and impregnant 100 in cone 50. In some embodiments, the mixing

may be turbulent mixing (i.e., mixing occurring at turbulent velocities of one or more



25 sone enbodi nents, the angle of spray of atom zer 130 may distribute

i npregnant to substantially all particles of sorbent 20. The angle of spray
rel ati ve WO 20124030a&9dbul ent fl ow of sorbent nay be but i sPAEBUSRUT#WE6t o 100
to 15. As atom zed droplets of inpregnant 100 flow in through

atom zer 130 into first end 58 of cone 50, the atom zed droplets cone in
contact with a turbulent 30 formation conf?ising nilled sorbent 20 and
conpressed air 60. This results in mxing sorbent 20 and i npregnant 100 in
cone 50. In some enbodi ments, the m xing may be turbulent mxing (i.e.,
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m Xi ng vesseIC?‘%‘@Wﬁrn gﬂes“ters(?ﬁtf(?‘%é’fao?m? .dlSChgrge’%\%ﬁ f4e0qt]%1ré8{\1/§ﬂ§§ir{?§; %ﬁgg\ftr
and sorbent Y@Ydrﬂﬁfng th%gﬂ@is@hafgeﬂlbéeﬂ‘@ﬁhto'iﬁlshedﬂd@@)r @haabércia)d. M diafigfrom
chanber, the air and sorbent 20 remain in a turbulent regi ne. Once Ialelst
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the gas/sorbent reaches discharge tube 140, the velocity increases significantly due to
the pressure difference between the mixing vessel 50 and the dust collector 160. In

20  response to the pressure difference, impregnated sorbent 165 and air may exit toward
the top 58 of mixing vessel 50, in a dilute phase, via discharge chute 140 that extends
down into the turbulent volume of mixing vessel 50.

The air may be drafted or pulled through filter bags located in dust collector

160 and discharged out of a blower (not shown). Impregnated sorbent 165 now
25  separated from the air, falls to a bottom hopper in dust collector 160 and may be
discharged to a storage container 180 via a rotary valve 170.

Milled sorbent 20 impregnated with impregnant 100, also referred to as
impregnated adsorbent 165, made using apparatus 10 of the present disclosure, may
have an increased efficiency for adsorbing and decontaminating a fluid (such as a flue

30 gas or an exhaust gas) as compared to a milled sorbent 20 that is not impregnated. In

some embodiments, impregnated adsorbent 165 may be operable to increase sorbent

efficiency by detoxifying a contaminant or a hazardous molecule as compared to
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' some. embodisariEe ftsdaDaney beeriy PRSP B i ng a coni cal mxing

chanber may be relggsabl yudk4tds BQEp-view of mixing vessel 50 having a conical mixing
chamber showing individual parts. In some embodiments, parts of mixing vessel 50
having a conical mixing chamber may be releasably attached.

10 FIG. 2C depicts an example flange 52 that couples to cylindrical chamber 53.

FIG. 2D illustrates a two dimensional representation of different parts of
mixing vessel 50 having a conical mixing chamber as described in FIG. 2A and shows
top flange 51 having atomizer 130 and discharge chute 140 disposed therein, flange
52, cylindrical chamber 53, bottom conical chamber 54, and bottom flange 55.

15  Flanges 51 and 52 may facilitate a seal between the various components.

FIG. 2E illustrates a three-dimensional view of components of mixing vessel
50 having a conical mixing chamber as shown in FIG. 2B. Top flange 51 may be
located toward top end 58 of cone 50. Atomizer 130 and product discharge tube 140
may be attached to top flange 51. Atomizer 130 and product discharge tube 140 may

20  be disposed into various elements of flange 51. In other embodiments, atomizer 130
or discharge tube 40 may be located in different positions on flange 51.

Cylindrical chamber 53 and bbttom conical chamber 54 are located below
flange 52. Bottom flange 55 is located toward second end 59 of cone 50 and may be
releasably attached to the body.

25 FIG. 2F illustrates a two-dimensional view of an exemplary mixing vessel 50
having a conical mixing chamber showing handle 56. Handle 56 may be releasably
attached to bottom conical chamber 54 to facilitate moving chamber 54. FIG. 2F
illustrates a three-dimensional view of mixing vessel 50 having a conical mixing
chamber as shown in FIG. 2E.

30 FIG. 3 illustrates another exemplary apparatus 10 having mixing vessel 190
comprising a cylindrical mixing chamber operable to impregnate sorbent 20. Several

elements of apparatus 10 of FIG. 3 are similar to apparatus 10 described in FIG. 1, but



10FI G 2C depicts an exanple flange 52 that couples to cylindrical chanber
53. FIG 2D illustrates a two di nensional representation of different
parts of WDRIRYP30@d4sel 50 having a conical m xi ng chanb@CTaAS20489¢908bed i n
FIG 2A and shows top flange 51 having atom zer 130 and di scharge chute 140
di sposed therein, flange 52, cylindrical chanmber 53, bottom conical chanber
54, and bottomflange 55. 15 Flanges 51 akld 52 may facilitate a seal
between the various conponents. FIG 2E illustrates a

t hr ee- di nensi onal view of conponents of m xing vessel 50 having a coni cal
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m xi ng chamnber “operable to inp £ate sorbent 20. Several elenents, I
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vessel 190 cé) i%br?ga gwpﬁ?fffl%gfoclﬁﬁcglﬁﬁéh%g r%’g}% ?{luéi?ég%l %@gl °

vessel 50 ha\ébf&nm@saﬂb&aiyhﬁaeﬂ 199. chanber .

Cylindrical mixing chamber of mixing vessel 190 may have an external
surface 194 and an internal surface 193. Mixing vessel 190 comprising a cylindrical
15 mixing chamber may be lined and/or comprised of a corrosion resistant and
temperature transfer resistant material. In some embodiments, the core of mixing
vessel 190 comprising a cylindrical mixing chamber may comprise stainless steel.
The size and height of the walls of mixing vessel 190 comprising a cylindrical mixing
chamber may be designed to maintain sorbenf 20 in a dilute phase. The shape of
20  mixing vessel 190 comprising a cylindrical mixing chamber may be designed to allow
for turbulence formation or turbulent flow in the cylindrical vessel 190 following in

flow of sorbent 20 and compressed air 60 through first end 191 via inlet 31.
Mixing vessel 190 comprising a cylindrical mixing chamber méy have one or
more atomizers 130 disposed thereon. Atomizer 130 may be operable to allow
25  atomization of impregnant 100 to form atomized droplets of impregnant 100.
Atomized 130 may be also operable to allow inflow of atomized droplets. Mixing
vessel 190 comprising a cylindrical mixing chamber may be operable to allow inflow
and mixing of sorbent 20 and atomized droplets of impregnant 100 to form
impregnated sorbent 165 also referred to as product 165. Product discharge tube 140
30 (also called outlet 140) may be disposed on flange 196 at second end 191 of mixing

vessel 190 comprising a cylindrical mixing chamber.



Apparatus 10 as shown in FIG 3 may conprise sorbent delivery chanber 30
havi ng sorbent 20. Sorbent delivery chanber 30 represents a device to
del i ver swoher®o3s@d® i nto m xi ng vessel 190 conpri sing aPcylusaanioe®se m xi ng
chanber . M xi ng vessel 190 conprising a cylindrical m xing chanber
(also referred to herein as cylinder 190) conprises a cylindrical vessel
having a first end 191 and a second end 182. A first flange 195 may be

di sposed on first end 191. Flange 195 nmay have inlet 31 for entry of
sorbent 20 and conpressed air 60 into cylinder 190. A 10 second flange 196
may be di sposed on_secaon n . E 2 1 | so
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material may be dggiy EQQQtuEQOf@éHVH}I@f:%rE@:hQDQﬂ@% &d theofteivpal wdswlg 90f a
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operable to be delivered with sorbent 20 into bottom end 59 of mixing vessel 50
having a conical mixing chamber via regulator 81, pressure valve 91, valve 80,
element 85. In some embodiments a rotary valve and a tee may be used for
conveying dilute phase sorbent. In some embodiments, pump 40 may be used.
25  Compressed air source 70 may in non-limiting embodiments comprise an air cylinder
having air under pressure, a source having air under low pressure or an air blower.
Container 101 may contain impregnant 100 and may be operable to deliver or
feed sorbent 20 via pump 110 into atomizers 130. Rotameter 120 may be connected
to pressure valve 94 and element 96 operable to regulate inflow of impregnant 100
30 into atomizers 130.

Compressed air source 70 may be designed to supply compressed air 60 to one

or more atomizers 130 located at one or more locations on the surface of mixing



10 designed to have a reverse flow for discharging inpregnated sorbent 165
via product discharge tube 140 out of the cylinder 190. The shape of m xing
vessel 19WocorpBi®@i4ng a cylindrical m xing chanber may peTasesalohm®ss o
reduce or prevent caking and plugging of outlets and inlets by conponents
of- the reaction or by product. In sone enbodi nents, maintenance of

turbul ent velocity during formation and di@fting 15 of inpregnant sorbent
165 may reduce or prevent caking or plugging. Additional details regarding
m xi ng vessel 190 conprising a cylindrical mxing chanber are described in

FIG 4. vebdel @W@éﬁﬁﬂﬁn&@cyﬁﬁ&ﬂidb@h}ixﬁ? chmbeNVia 38leisM20 RédufdtoregWmiPl of
m xi ng vessel 190 cogg‘%m ng a cylindrical m xi ng chanber via inlet 31 may
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pressure, a source having air under |l ow pressure or an air blower.
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depicts four atom zers 130. However, teachings recognize that 5 apparatus
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atom zer 130 may be operable to atom ze inpregnant 100 into atom zed
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about 10 to about A0impregnated sorbent 165, or product 165, may exit mixing vessel 190
comprising a cylindrical mixing chamber through product discharge tube 140.
20  Regulatory valve 80 may control the flow of product 165 into collection chamber 160.
152 may be a temperature indicator to measure the temperature of exiting
impregnated sorbent 165 and air in dilute phase.
Product discharge tube 140 may be attached to collection chamber 160 (also
referred to as dust collector 160) wherein impregnated milled sorbent 165 may be
25  collected following impregnation in mixing vessel 190 comprising a cylindrical
mixing chamber.  Dust collector 160 may be similar to that described in sections
above and may comprise elements such as but not limited to filters, blower, and/or a
bottom hopper. Rotary valve 170 may control the flow of impregnated sorbent 165
into chamber 180.
30 Automated and manual controls of apparatus 10 shown in FIG. 3 may be

similar to those described for apparatus 10 of FIG. 1.



At om zer 130 may be designed to spray atom zed dropl ets of aqueous

i npregnant at an angle relative to the turbulent flow of sorbent 20. The
angl e of wpnrawp/03id®4of atom zer 130 may be broad enough troTdisstimniokese

i npregnant 100 to substantially all particles of sorbent 20. The angle of
the atom zer spray may al so be designed to avoid spraying the exiting
product 165. An i npregnated sorbentll165, or product 165, nmay exit

m xi ng vessel 190 conprising a cylindrical mxing chanber through product
di scharge tube 140. 20 Regul atory valve 80 may control the flow of product

165 into collecti qf ,6hapBBlary §8bodiRRniTRYrbER: ﬂ@wpﬁﬁ&ighr%ghﬂ&dlscl@tmltio3
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cylindrical mixingyvesselntHr campriding etcylamdn@élrmmgycl@n@ef VEIDds 3510}05@'@@ oBQ 20
o X1 1 wesoel A% SOTRY be ik U bR ol O LG BRI,

facilitated WaVi ng conp esse
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cylindrical rmdilyigpeasaspdentyila sopecmbptimentatsosbesh2f magqenéqwn@é? Ozgl%‘XW&y be
gul a6 b 06y P DB 8 S04 131 g BLGAHE Ak e kYO RIBD,
di | ute phase t5@abb@rfo00 Illﬂhﬁorre enbodl ments, sorbent 20 may enter end 59 of
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air 60 ippo trﬂﬁur@/ Vet | Ry CSH@HQEQ a cylindrical mixing chamber may result in a
turbulence formation or a turbulent flow comprising particles of sorbent 20 having a
turbulent velocity. At the same time, impregnant 100 may be delivered into the
cylindrical chamber of mixing vessel 190 comprising a cylindrical mixing chamber
via atomizers 130. Delivery of impregnant 100 from container 101 into atomizers 130
25  may be facilitated by pump 110, pressure valves 94 and 95, element 96, and rotameter
120. Compressed air 60 from compressed air source 70 may be delivered into
atomizers 130 simultaneously as impregnant 100. Compressed air 60 along with
impregnant 100 enters an atomizer 130 and may be atomized into atomized droplets
of impregnant 100 which may be sprayed onto the turbulent flow of sorbent and
30  compressed air in mixing vessel 190 comprising a cylindrical mixing chamber.
In some embodiments a finer particle size of atomized droplets of impregnant

100 formed by atomizer 130 may result in a larger surface area of impregnant 100



20 m xi ng vessel 190 conprising a cylindrical m xing chanber may result in
a turbulence formation or a turbulent flow conprising particles of sorbent
20 havi ngwve 21wdsodognt vel ocity. At the sanme tinme, inpregoans2diid049vy be
delivered into the cylindrical chanmber of m xing vessel 190 conprising a
cylindrical m xing chanber via atom zers 130. Delivery of inpregnant 100
~fromcontainer 101 into atom zers 130 25 My be facilitated by punp 110,
pressure valves 94 and 95, elenent 96, and rotaneter 120. Conpressed air 60
fromconpressed air source 70 nay be delivered into atom zers 130
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20  milled sorbent particles 20 with impregnant 100.
Impregnated sorbent 165 may exit mixing vessel 190 comprising a cylindrical
mixing chamber by a reverse flow via product discharge tube 140. Product 165 may
exit by drafting of discharge tube 140.
FIG. 4 depicts a three-dimensional view of mixing vessel 190 comprising a
25  cylindrical mixing chamber. Mixing vessel 190 comprising a cylindrical mixing
chamber is a cylindrical chamber having a first end 191 and a second end 192. A first
flange 195 may be disposed on first end 191. Flange 195 may have inlet 31 for entry
of sorbent 20 and compressed air 60 into cylinder 190.
One or more atomizers 130 may be disposed on the surface of mixing vessel
30 190 comprising a cylindrical mixing chamber at various locations as described earlier.

| Impregnant 100 and compressed air 60 may enter atomizer 130 through inlets 32

located toward oﬁt_er surface 194 of mixing vessel 190 comprising a cylindrical



FIG 4 depicts a three-dinensional view of m xing vessel 190 conprising a
25 cylindrical mxing chanber. Mxing vessel 190 conprising a cylindrical

m Xi ng chwiotzerz2/izseoa cyl i ndrical chanber having a first eot/us2diiamsa second
end 192. A first flange 195 may be di sposed on first end 191. Flange 195
may have inlet 31 for entry of sorbent 20 and conpressed air 60 into
cylinder 190. One or nore atom zers 130 ney be di sposed on the surface of

m xi ng vessel 30 190 conprising a cylindrical mxing chanber at various

| ocations as described earlier. Inpregnant 100 and conpressed air 60 may
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19 mi xi ng chantpgrisingtaoesilindtical roixing ehaptber typugin aiemiaeyol 39y warst Bpensutfagg
vessel 190 cqggri sing a cylindrical mxing chanber through atom zer 130
toward i nner rface 193. M xing vessel 190 conprising a cylindrical m xing

chanber may have aiigeseddl flbangenptthd acatiadriodl mexdogcthemterl @iy Ravedact
di scharge tube 140 may be di sposed in second flange 6 of mxagg vessel
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shape of m xi SE %gﬁplrs . Iodid b X RIRET s be
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fl ow of sorbehimBé&. and conpressed air 60 through inlet 31. I n sone

enbodi ments, m xing vessel 19Q conprj si a cyli.ndrical mxing chanber is
desi gned to gener af eS¥§ UFBRAdmEREs 6*‘?@( Bh HarRiKger IVS%eEnﬁodgﬂg’mlﬁlggf Br
efficient m ?rﬁﬁ’dr?écal \'ﬁlikingdclﬁlﬂ{&?%zgzge Welibndd RTLAGH fOF ARbBleAcd fornfabRARANT
100. In enbodfnents ere non-mlléed sorbéents may be i npregnated using

cyl i nder 1090 c¥BndendP6 foltivwieg ﬂ@asrd>@ooh$enaa@an(htmpm&edtaﬁrgoﬁhmngli@leﬁ1ze of

non-m |l ed sorbent 20 nmay be.fine enough to fluidize.with air 60
at a respective vgpog(?f".ceyglagoqlmﬁmﬂ é‘?fégl%t Eessth L%g PRPAY 8 ﬁ%’lﬁ?&éﬁ?fﬁ%}uﬁé
sorbent particgh@perdQ dbdibied RcRSARMY tuififlence formation 101 fyvband dRminscs forxi ng
vessel 190 conprising a cylindrical mxi n}? chanber may be designed to

control the tefhgentaning of malledesprbens 20 With gtsympized dropléts of impregnant 100. In

embodiments where non-milled sorbents may be impregnated using cylinder 190
15  and/or other parts of apparatus 10, the particle size of non-milled sorbent 20 may be
fine enough to fluidize with compressed air 60 at a respective velocity of turbulence
to allow mixing of non-milled sorbent particles 20 with impregnant 100.
In some embodiments, mixing vessel 190 comprising a cylindrical mixing
chamber may be designed to control the temperature of a reaction. In some
20 embodiments, the temperature of components in cylinder 190 may be maintained
within a range where impregnant 100 remains in an aqueous phase and is not
converted into a gaseous phase.
Apparatus 10 of the disclosure as shown in FIGS. 1-4 may, in some
. embodiments, be designed to generate turbulence when the ratio of the inertial force
25  of a fluid stream (e.g., of sorbent 20 and compressed air 60) to its viscous force
exceeds a critical value. In some embodiments, apparatus design of the present
disclosure may result in an increased residence time, which is the time of contact
between an impregnant 100 and a sorbent 20. An increased residence time may a
facilitate distribution of an impregnant 100 uniformly across the particles of a sorbent
30 20 allowing for increased adsorption.
In some embodiments, apparatus 10 of the disclosure may be designed to

produce turbulence and residence times that allow for uniform distribution of



20 embodi nments, the tenperature of conponents in cylinder 190 may be

mai ntai ned within a range where inpregnant 100 remains in an aqueous phase
‘and i s novocormsndied into a gaseous phase. Appar atra3/uso10fo440be

di scl osure as shown in FIGS. 1-4 may, in sone enbodi nents, be designed to
generate turbul ence when the ratio of the inertial force 25 of a fluid
stream (e.g., of sorbent 20 and conpresset) air 60) to its viscous force
exceeds a critical value. In some enbodinents, apparatus design of the
present disclosure may result in an increased residence tine, which is the
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make conpositions of the disclosure in accordance nethods of the
di scl osure. Taeerprmethads @imdiernuimpresnsvt ¥ekenéd0er al net hods to make an

i npregnant sor bent§ O%I?FS?)(erﬁ%yg%%t\gR&% th@ms@f&gére%la’éeht% i %ﬁégngﬁbl% gn{ig&@(& to

i npregnating a mil 0 ere sorbent. One such exenplary nethod
i s illustipat g@viderdd) Gorbbntar@nexeghrsemplasy mptl®dds hstratad i FIGD awt begins ats

recei ved. At st 301, mlled b I, J . i ) i
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Step 302 conprises‘receiving an inpregnant, and step 303 conprises
contacting t hach 5s ailj fout eomveyime veldcitydhatexbends the saitatipe VElegite §h Hist soriie

conditions to ca i regnati. f the i i i .
T Sorme enboditHerD CORPHEALE She T BRI DY & iy b ey cohGeme Hent
appar at ug 510 d}futéh hﬁn}ggé S IR BrieQiPwItE 1 ngkéghﬂﬁl vedselcobfitiayi tog cause

coni cal m xi ng chanber or an m xing vessel 190 conprising a cylindrical
m xi ng chambdmprégnationef the impregnant%nto the milled sorbenrtr.p g Y

In some embodiments, a method as described above may be performed in
apparatus 10 of the disclosure comprising a mixing vessel 50 having a conical mixing
chamber or an mixing vessel 190 comprising a cylindrical mixing chamber. In some

20  embodiments, the‘ particle size of a milled sorbent may be similar to the particle size
of an impregnant during the contacting step. |

Exemplary conditions under which impregnation may occur may include one
or more of the following: atomizing an impregnant to form atomized impregnant
droplets; generating a turbulent velocity of dilute phase milled sorbent; contacting

25  atomized impregnant and dilute phase milled sorbent by spraying atomized droplets
of impregnant into a turbulent flow of dilute phase milled sorbent; turbulently mixing
atomized impregnant and dilute phase sorbent; and/or controlling temperature of the
mixing; synchronization of spraying by atomizer and turbulent flow of sorbent; and/or
preventing spraying by atomizer onto formed product.

30 In some embodiments, an atomized impregnant may be an aqueous
impregnant. Accordingly, in some embodiments of the method, a liquid phase

(aqueous impregnant) may be mixed with a fluid phase comprising dilute phase



20 enbodinents, the particle size of a mlled sorbent may be simlar to
the particle size of an inpregnant during the contacting step.
Exenpl ar ywoaenioeas under whi ch i npregnati on nay occur PaayUS2eiaioudss one or
nore of the followi ng: atom zing an inpregnant to form atom zed i npregnant
droplets; generating a turbulent velocity of dilute phase m |l ed sorbent;
contacting 25 atom zed i npregnant and dil2te phase mlled sorbent by
sprayi ng atom zed droplets of inpregnant into a turbulent flow of dilute
phase m |l ed sorbent; turbulently m xi ng atom zed i npregnant and dilute

phase sorbentyRAAOS 1&BRlchOVEIoBEy.t SARAE @mbodiRént! Wael® afl A@licous impregnant
synchroni zati on of spraying by atom zer and turbul ent f|ow of sorgent;

and/ or pr evemaynbe sisday cordition aayeopwrise manipisingeet onoelieg thampesyws to
enbodi nents, an.atom zed inpre nt n eous i npregnant.
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operabl e to iROPSEatosbent it jllusiratsd ﬁm%agﬁﬁ‘éﬁtwﬁﬂ% siep) U VaER4 Piled) o

5B and start %o%eﬁh%s%@é?véﬁloAW@t%B 38 1 Mnlil &0s AR 8N Forin3d iRe S Jifife phhsehRRA311,
mlled sorbent Iis formed into a dilute phase mlled 10 sorbent. Step 312
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I n some enbodi nents, a nmethod as described in FIG 5B rraY be perforned in 15
appar at us 10 conditinns 1 eapbeisapregnasiap of Slerigpsstanyinteths apillsdseragitng a coni cal
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simlar 118 thgppatisi 0l 6 e désclfsufncdmpistgnariting wessel 50 heviagnt amidahmisingp.

'n the two exc%gr?llbgrr gr g}&iggdvsésge?slgai c%%jprfas?n%vg ‘cy 1er?c)§1?mlxﬁlgsccilralr)n rg; Q astomremly
embodiments, particle size of a milled sorbent may be similar to the particle size of an
impregnant during the contacting step.

In the two exemplary methods described above, an example sorbent that may

20  be used may comprise a milled or powdered activated carbon. Powdered activated
carbon may currently be the Best Available Control Technology (“BACT”) for the
removal of mercury, particularly elemental mercury, from the exhaust gases of
mercury emitting facilities such as coal-fired power plants. An example impregnant
may be a halogen, such as bromine, for the removal of contaminating mercury from

25  flue gases or exhausts from coal power plants. In some embodiments, the halogen
may be in an aqueous phase. In other embodiments, the halogen may be a gas.

For applications relating to removal of mercury and/or elemental mercury
from coal-fired power plants, other methods have shown significantly better mercury
removal using a halogenated activated carbon than with a non-halogenated activated

30 carbon. However, all of these methods involve first halogenating a granular activated

: - carbon followed by milling the halogenated granular carbon to obtain halogenated

powdered activated carbon. For example, in some methods, a halogen compound is



20 be used may conprise a mlled or powlered activated carbon. Powdered
activated carbon may currently be the Best Avail able Control Technol ogy

(" BACT") WwoOnotzso¢dénoval of mercury, particularly el eneRCRIUSAHAOE05¢ from
t he exhaust gases of nercury emitting facilities such as coal -fired power
pl ants. An exanpl e inpregnant may be a hal ogen, such as brom ne, for the
removal of contaminating mercury from 25 23| ue gases or exhausts from coal
power plants. In sonme enbodi nents, the hal ogen may be in an agueous phase.
I n ot her enbodi nents, the hal ogen may be a gas. For applications

relating to re¥BMal iPhn BRIOUS Yolafieh @ infireuR 1k cAMOA il ¥ts ffaatlat Gahr pricred
power plants, other nethods have shown significantly better nmercury repoval
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sonme net hods, a hal ogen conpound is 22 dissolved in an aqueous solution to
i npregnat & t K&™8rbon in its granular formprior to mlling it into a
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hal ogen sol uth@fndoRtiSteROMARS BShmAGiPARIGREPS prbdudi@iGl@s and then drying

the batches. However, these efforts are inefficient, expensive and

i nconsi stl@nt in t heccoolipgdsi tihile sobenigabudhy apf grpngaucctiv@edreagrbon may be
10Accordi ngly, while . sorbents such a r anul.ar IV
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i npregnated sorbent is associated with several problens. For exanple,

hal ogens usedsfasiatehprbgraemrbprodianse of pTogiaplatlaespt B in MBEERE hiTF|
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parts and down hg operati ons t'o mal ntf ehance- or repair-
rel ated gbhut reeansl replacemeAnaif hmill prasth| @nd desmtimet efl millitg wpelatdss Wherte
hal ogen i npregnation is foll owed Fﬁi‘? i.1ling of the inpregnated sorbent is
cont ani nat i oARHPICRENIGyBHUPLEPIETSC ugde . Mving parts of nmlls used

for mlling get CQ&&&H&”@O%Y&W bocifRd it niah RECRBere VIMISSEn" ndtioa 18 | |

unusable for mlling oth products. Accordingly, previous nmethods have
i nposi ng | i mfvhowedhdyomilting | afstheeimmegrotedasorbeit fsogortiarhivgen ibyphalggrnated

sorbents POSCALRIPRCKS,  yoams HEH TR 5 TLbb O RELRLER S0

caked or 7pl uggesheRy, Whieh 36hdeY ah& thil Aimi94ble tfhemilling other products. Accordingly,
previous methods have imposing limitations of exclusive use of a mill for halogen
impregnated sorbents pose drawbacks.

Methods that use milling following impregnation are also plagued with
flowability issues. Lines often are caked or plugged by the activated carbon, the

25  impregnant and/or by the impregnant sorbent product which may have poor
flowability. This reduces milling capacity.

In contrast, present methods for impregnation of a milled sorbent may be
operable to impregnate a large surface area since a milled sorbent has a greater
surface area to adsorb/trap in more impregnant. For example, each grain of granular

30  activated carbon may become approximately 472,000 particles of powdered activated
carbon. One technical advantage of methods of the present disclosure may be the

formation of a product having a higher concentration of impregnant as compared to a



25 inmpregnant and/or by the inpregnant sorbent product which may have poor
flowability. This reduces mlling capacity. In contrast, present methods
for inpregoavizomkomit a mlled sorbent may be operabl e toprCcEuSegnat®sa | ar ge
surface area since a mlled sorbent has a greater surface area to
adsorb/trap in nore inpregnant. For exanple, each grain of granular 30
activated carbon may becone approxi matel y2%472, 000 particl es of powdered
activated carbon. One technical advantage of nethods of the present

di scl osure may be the formation of a product having a higher concentration
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sorbents. An exerrpl a met hod, operabl e to
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i 11 ed SorBone SanTgtiall GRS PRkl Soete 35T an aqueous

i mpregnan® sol utidn somaatmbo)chfmtntso niemluquawf the disclosure relate to impregnation of
non-milled sorbents. An exemplary method operable to impregnate an un-milled
sorbent is illustrated in FIG. 6 and starts from step 320 where an un-milled sorbent
having a respective sorbent particle size is received. The un-milled sorbent may be in
a dilute phase. At step 321, an aqueous impregnant solution is atomized to form an

15 aqueous atomized impregnant having a respective aqueous atomized impregnant
particle size. Step 322 comprises contacting the sorbent with the aqueous atomized
impregnant, and step 323 comprises mixing the sorbent with the aqueous atomized
impregnant, thereby forming impregnated sorbent.

In some embodiments, a method as described in FIG. 6 may be performed in

20  apparatus 10 of the disclosure comprising mixing vessel 50 having a conical mixing
chamber or mixing vessel 190 comprising a cylindrical mixing chamber. Contacting
may comprise generating a turbulent velocity of sorbent particles and spraying
impregnant using one or more atomizers. Mixing the so}bent may comprise turbulent
mixing.

25 In some embodiments of this method, the particle size of an un-milled sorbent
may be substantially similar to the particle size of aqueous atomized impregnant. In
some embodiments, the particle size of an un-milled sorbent may be in the range of
from about 10u to about 30y, and the size range of an aqueous atomized impregnant
droplet size may be from about 10y to about 30p. However, the present methods are

30 not limited to these atomized droplet size ranges and other sizes of droplets may be

used as well.



15 aqueous atom zed i npregnant having a respective agueous atom zed

i npregnant particle size. Step 322 conprises contacting the sorbent with

t he agueowe 2at23pa@ed i npregnant, and step 323 conpri sesPOTAIS2@ 10®56 Or bent
wi th the aqueous atom zed i npregnant, thereby form ng inpregnated sorbent.
I n sone enbodi nents, a nethod as described in FIG 6 may be perforned in 20
apparatus 10 of the disclosure conprising4n xi ng vessel 50 having a coni cal
m xi ng chanmber or m xi ng vessel 190 conprising a cylindrical mxing
chanber. Contacting may conprise generating a turbulent velocity of sorbent
particles and sprayi agmi "BLEGAARNUSIHEY ARBRsEE MBIERs HOHhaREss M Xiaing he
sorbent may conprise turbulent mxing. 25In sone enbodi ments of this

net hod, the paptdgabted ssorents using appaiatuset) ofrthe fisclasyrepe FiGhdt Bliystraiey gn

simlar to the ticle sjze of aqueous atonm.zed .
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the disclosure. FIG 7 illustrates an exenplary nmethod for i.npregnati
sorbent 20 usPRpresssd aig 60eAleitens g3 h AR a9y SC‘H?%‘E%}E‘HTT?QQ ??greﬁ‘ﬂn%{a@ggﬁia{ég
begi ns at st 330, i h-l!igg i I VA b ot aﬂﬁ)@ $&bgetor20.
At step 331’%{3%&%8@%@%&‘) sgg{sag?gg%?ﬁggbfghgagégnﬁlggsaz%%air ggdare .

t r anspor 10ng mareatérthzetsot 3bincafed donhixig eéractb®t hevingfa eanigah gnivingsdlander.

havi ng a conical m xi ng chanber. to forma turbul ent f ti-on I $i.Ng
sorbent 20 antieR GAfir@EEutFes aforpigingathesqugods INPLEenant B, & if(r)rrﬁr} é‘é%ﬁfi“?}fgo i

received, anqmg cothBP 83333 bEnps QUStabiiY B8 habllcAORrantoc withriesaethiaidr 60
are transported into one or 10 nore atom zers 130 located in m xi ng vessel

50 having a dowpregakntringthegooisahblambestsépi3Bikies pisek && hayipgiaz¢anical Fuxing
aqueous i npregnant 1 t orm an _aton zed | 339, .C AT
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Step 336 conprises mxing the turbulent formation wth e Ptorri zed 15

i npr egnant i rehewhectel allova adserptnn off imaregnagt VAL ke seheried Hyfoam gresated

m xi ng chanber ,to alow r Pt Lapr 190, i beiberd 0wt
form i npr egnastogbc?n%oiréoént ﬁ@%ﬁ‘g ﬁa&?ﬁgkﬁé‘g‘pc‘%ﬁ‘p@i‘é g%ntsgltcffgcie?lg)rft he ?surfallce of
sorbent wi t h jinpege@nanMixiMgxhag imsymé embodimeanboathpréset slscptionicd empenapt i on

of inpregnant 100 into sorbent. Step.337 canprises drafting | egnat ed
sorbent 165 tW0dntcrrabye: FeR dbeCcamprsa dlr%}:ﬁggbrf“?fe(gﬂatgg SB’fbeﬁ% Lfgn){? @%C 50
having a gonigal 14 %hn&p gbﬁ{mes“s 5O GHP VBsse PO faRak @Cconidab &fiking @hambermoa
m xi ng vessel having a conical mxing chanber 50. | n some, .
enbodi nent s, rembue hnlpeegnafedr scabérdnl 6fayroooepmixiag skestrdrhavir® amenisshpriiged
air 60. In sorﬁe %nb%ji ments, a turbulent formation may conprise
chamber 50.
In some embodiments, a turbulent formation may comprise sorbent 20 and
compressed air 60. In some embodiments, a turbulent formation may comprise
25  sorbent 20, atomized impregnant, and compressed air 60. Turbulence formation used
for mixing a milled sorbent 20 with an impregnant 100 may be referred to as turbulent
mixing.
In some embodiments, a method of the disclosure may use a mixing vessel
having a cylindrical mixing chamber 195 as described in FIGs. 3 and 4. FIG 8
30 illustrates an example method and starts at step 350 where a dilute phase sorbent 20 is

received. In step 351, dilute phase sorbent 20 and compressed air 60 are transported

into a cylindrical chamber of mixing vessel 190 comprising a cylindrical mixing



25 sorbent 20, atomized inpregnant, and conpressed air 60. Turbul ence
formation used for mxing a mlled sorbent 20 wth an inpregnant 100 may be
ref erred wo 2a/3060bul ent m xi ng. I n sonme enbodi ments, aPoEiUse@ 104906he

di scl osure may use a m xi ng vessel having a cylindrical m xing chanber 195
as described in FIG. 3 and 4. FIG8 30 illustrates an exanple nethod and
starts at step 350 where a dilute phase sifrbent 20 is received. In step
351, dilute phase sorbent 20 and conpressed air 60 are transported into a
cylindrical chanmber of m xing vessel 190 conprising a cylindrical mxing
25 chanber 1 @pfiA6P 18 hith A4liiilent AriRtibR BomBAFLL SbARNERS ReNEomPredRd air 60.
conpressed air 60. Step 352 conprises receiving an aqueous i npregnant 100,
and step 353 Stemphl sewptisesnSpaVngran aqisons) irepiegn g B tstepoth 3apmprises

conpressed air 60 j.ntq one or nore of ural ity .of. 1 zer

m xi ng vesseltraTgﬁ)r@bgwﬁﬁ GURYSHRIFERY ﬁﬁ@fl%nc%n rges%dc 1%1%2@) ZO%F 2)5 %cgﬁ%ff
conprises at qnd glutdity BE aRAMICEH S 30N BRI Wesdél01 %00coniyrisingNa @Y mdrivatimixing

i mpregnant, and step 355 conprises contacting the turbulent formation with
the atomi Sedchapbagndise 33 e9mprisnsi damizing iife PAUOUFBEPFRENFRISKY) to fgym an
conprising a_cyl. ' 1 X] . ' i X

t ur bul ent foran(%t%{j[1 I:Zg%%l\ﬁ?%nﬁgdngg (t) zed&)lrmn%rétggg%%?&}n%o[ggﬂrﬁﬁr%ﬁ?g gﬁoz;{nﬂg}rl of
m xi ng vesselthél @ntestipin e Hgina id Oylindrical chazaber nifxhixing: hessdlel 90t coraprising a
contact of inpregnant into the sorbent to form i npregnat sor bent 165

M xing at st SplinGiahEyXiag spanie- U éé@ FOIGPHTFS f%lgfr\%dgé t%gl%ﬁtr%é‘ﬁﬁuw YHR

| mpregnant . %é%t%ﬂli%d RlyfBerinf iR lishd¥ch P BRanREER QA AR S vEREIPTI0S CorRstRighI oN
of inpregnant 1 I nto sorbent. ep 357 conprises drafting inpregnated
sorbent 165 tcgliodrimharigngtdemberd® alitows eovtadt ehidnprognapt intd xthergorperiste| forrno

conprising 15 a cylindrical_ Jgxjinhg ch e 0 renpve. i npr.egnat.ed sar hent
165 from mi xilwgfﬁgéé@a orpspt l:wg}’%&}g%é?é Y icemPrise %5)‘?%6 B s ac o
Met hods of t RErRhESARL infrSsaRe UMIXIRYatadA RS QaegURl Joniesmbbdibienisngunggnant
sorbents ‘165 having a higher concentration of inpregnant as conpared tqQ a

product for madsdrption heimpregiendd 00 Fup sesbentpl Sep 347 sampsreredrefingimpeegapteled

bent 2Q i t ed f . [ o
pr egnat o, SPiPBRRHORTCasure o e RE e ELPEauad DRR 108 camprigine, o

use of atem zeslindRELINRHg Gahibet WregiRalimprdghakdasdent e fomtmddingredseeen
sorbent and inpregnant nolecules. In addition, apparatus 10 of the
di scl osure arl@0¢esipgaag arqylingiigad BHEINE RARPR, whi ch greatly enhances

contacting and m xigoff offa{éoslg;%grmsélm@ﬂ{a My BRECHs R Sres@E R iR 25

nmet hods of the disc ure nay uce 1 npreghate ents having

subst anti al | woftegtser6sclaavimmna highiep oenahtratigpn efjirapriegnant as somparditodi produd, a
nmet hod of the disc|osure maq%onprise i ncr.easing. Br distri bmion.bl n some
enbodi nent s, foreed,pr ot HFFég d st B AT, 40 FEPQHiments Whets g Sprbents are

| mpr egnabgd siﬂl?ﬁ)p%ﬂﬁte&?%reaﬂep soPiR £EPRALIBAISs iRpfBhied % chibBdBhdned Rherce
may be a“conti nudus ptocess.
non-milled sorbents are impregnated, the use of atomized impregnant solution greatly
increases the contact between sorbent and impregnant molecules. In addition,
apparatus 10 of the disclosure are designed for turbulent mixing, which greatly
enhances contacting and mixing of sorbent and impregnant molecules. Accordingly,
25 methods of the disclosure may produce impregnated sorbents having substantially
higher concentrations of impregnants. In some embodiments, a method of the
disclosure may comprise increasing Br distribution. In some embodiments, the present
methods produce substantially uniformly impregnated sorbent 165. In some
embodiments, a method of the disclosure may be a continuous process.
30 Embodiments of the disclosure also relate to impregnant sorbents produced by

methods of the disclosure. Compositions of the disclosure may comprise impregnated

sorbents 165 made by a method and/or in an apparatus of the disclosure.



30Enbodi nents of the disclosure also relate to inpregnant sorbents produced
by met hods of the disclosure. Conpositions of the disclosure nay conprise

i mpr egnatW¥o 28y@3emts 165 nade by a nmethod and/or in an RFpArSaH4966 t he

di scl osure. 26 An i npregnated sorbent composition 165 of the

di scl osure may conprise a porous sorbent 20 having one or nore inorganic

i npregnants 100 such as but not linmted td6a hal ogen, silver or a cation
such as Al, M, Zn, Fe, Li, Ca. In sonme enbodinents, a conposition of the
di scl osure may conprise a sorbent conprising an 5 activated carbon and an

i npregnant conpri SARAnprépabRgeidrbdaf @ofHosEbe 185 FtheRINCIArRASY tdoaibrivai
conprise a powdered activated carbon inpregnated wth brom ne. I n
sone enbodi mepArays sorbenpdk heving opf arHaow Wergsaisr BnpregnantpPl sechnass Brhaeit
substanti al | y;; uni L mr ted wt i npr nt, |

enbodi nent s, lérH{é%Jrrg%sg: l%lﬁlécﬁ%bs ﬁ?%eoer |\se% %1551%1 %@iglg%przlnég@ hig’g%ieg Wth a
hi gh concent r@hbalimerits,1Dcomposiforant thpeisclosite by sanpese a sodtiehttconmpaising, ana
conpositiaon of the disclosure my have a npre yniformdistribution of

i npr egnant asaciyAEarC Oﬁaniﬁninﬁﬁlfegaﬂgtcewpgléms alogetle By pmele srabadiment one
techni cal ady, - Qf | ' 3 ; ' oved
sorbent effi c@g&r@&m%grl%gcn({nmgsﬁ% I endggé do%CBg%tgil E%Ilrbgg#g ee sg?glét%[b rglgg{gi di ng
to the discl osur e, In(saheenitodirméms,reechmmshmneaif the/dis¢loust magsotnpdsoa perbent

efficiency of sor hent .and/or. an inpregnated sorbent,” "efficienc f
sorbent," or S“Eﬁtﬁ‘ﬁtéaﬁfy ‘é‘f‘?‘?%ﬁﬁm}’r%gggé%f &N APraengityf h’aﬁ"%ﬁ@aaﬁe@%a a
sorbent 10 reRyRsiidASIEARE RdkuR! mafRLBHHER Ribdht GAMH ARidlABdnceRrdion &

fl I d or gas). An inpregnated

hazar dous nol ecule) fromcontam nated fluid (liquid or \
sorbent rdde impregnenhperhonds ofisoibent. apdditianalde s edmpoétieti of thesdisdosmay Ry
remove a cont,am nant by sorhi pinding to r..sequesteri .

cont am nant f}fag%aanbocfﬁt 1°h 8t gla{}ﬁﬁi‘i‘}?la."qil ngsr%ng océ’%r%ﬁ?dﬁo %ﬁ i r?%nﬁﬁegt ed
sorbent of t herishng ehas WyeofliBY nifiieytls C abhe/ to¥hflichlyadvatgt afiandifipryghiaah ofree
render a contami nant |ess toxic. For _exanple, in an exanple enbodi ment, an
i npr egnat ed s&pPesEe BGHPE a8 ilmEroyeA sPogeteINeiency. bronine (Br)) may oxi di ze
mercury froma fl . X3 e tap j I I n
some enbodi nent s, U%’%?%g[ﬁ?ﬁ%%ygl eng%%aﬁé%%ﬁghgﬁéf@g@gg‘ﬁgr?&?fr?%{rﬁgg at(llstoed
sorbent df5 t hefediedctosierent varicenbveas Yeldopeon oefficeney & @orbdrhentnand/of ramm

contam nated fluid to a | egal] cceptable leyel. In other enhodi nents,
sor bent impregnated sorLen%?’ “gifﬁé&lenqp o% sor ent,’v or “soﬂ)ent e? icacy’) may be the

ability of an impregnated sorbent to remove substantially all molecules of a
contaminant (e.g., a hazardous molecule) from contaminated fluid (liquid or gas). An
impregnated sorbent made by the methods and/or apparatuses of the disclosure may
20  remove a contaminant by adsorbing, binding to, or sequestering a contaminant from a
~ contaminated fluid. In some embodiments, an impregnated sorbent of the disclosure
may chemically modify a contaminant which may render a contaminant less toxic.
For example, in an example embodiment, an impregnated sorbent comprising a
halogen (e.g., bromine (Br)) may oxidize mercury from a flue gas or an exhaust gas

25  thereby decontaminating it.

In some embodiments, sorbent efficiency may be the ability of an impregnated
sorbent of the disclosure to remove, reduce, or lower a contaminant from
contaminated fluid to a legally acceptable level. In other embodiments, sorbent
efficiency may be the ability of an impregnated sorbent to remove a substantial

30 portion of a contaminant from a contaminated fluid. Sorbent efficiency may also
represent the ability of an impregnated sorbent to remove from about 20% to about

100% of a contaminant from contaminated fluid. In some embodiments, sorbent



efficiency may be the ability of an inpregnated sorbent to renove a
substantial 30 portion of a contam nant froma contam nated fluid. Sorbent
ef fi ci encyormz/asb®a represent the ability of an inpregnacedssanloenset o
renove from about 20%to about 100% of a contam nant from contamn nated
fluid. In sonme enbodi nents, sorbent WD 2012/ 030604PCT/ US2011/ 049056 27
efficiency may be the ability of an inpréjynated sorbent to | ower the |evels
of a contaminant in a contami nated fluid fromabout 20%to about 99.9% In
sonme enbodi nents, sorbent efficiency may be the ability of an inpregnated
sorbent to | : I B C ! I ! fehvblis off 4 oM
about 20%toggﬁﬁc9§ngg%wgwﬁlbl@gn@ éﬁmmgg?ﬁ%ﬁﬁeg,ﬁgﬁﬁpt%pggﬁﬁaggd sor bent
conpri si ng acomtamineat énl ac eoidemirstedo8nid fnoth abdtl YYerioazboge K1 "%bedlnhaenag n

may have a sorbent efficiency be the apility to.|lower the level
mercury in aeegﬂglﬂﬁ%tsgwepfﬁﬁgg%}cé’nﬁn&%%tB'fo%%ﬂgtg %fb%lﬁtlmggggg}fd&r?%e%t %

i npregnat ed sQrdemt 18feld bea dbsahPsdht 8n ARGnEAHTRARS Fludd Hofl shout Q0YCaY But 10
sorbents and/ or non-carbon sorbents. Exenplary non linting exanples_ of

non- car boh ad9&¥bdnisemmembodiohents an inprsighated serbemf ceBRTIsineANACtVEeh PR | ¢
resin, a nonnetallic resin | a r i i
section bel o’ fg’sgtc%ﬁ%b%gaaﬁ?’% gsr genstC Mg%(ﬁﬁ%fs% Ig% h% gép:aegélggp Htg%’r?lg%ﬁé};s glrag-gr%? he

mat eri al s t habilitpso lbevetiRdeteds dOmeicaryCoramitimiaated fluidfroai sbolioZ1i% o about
However, teachig S recogni ze that inpregnant sorbent 15conpositions of the
present discl98P-e are not limted to the described sorbents. In sone

nbodi ts, ti |
enbodi ment s, actl \féﬁtgg%%gﬁﬁ&p tsét‘%}ﬂe&{ the "HY1QGird Hﬁgencgﬁﬂ}rfsg aOVarRBP B @ﬁr‘%ﬁsh

and net hods descri elnto arrive at sonme ex | € conpositions of the
di scl osute. Ascibewiat &dl/arandoombomysottentss e Exaspboy bent Emitingl esonplasrod aras-

hazar dous agents or, contam nants .such as t not..linmted.to hydrogen
sul fide (H2Sfarbep aéﬁ?fg?ﬁté %W%@@&Wﬁ@e@ﬂ%‘n?ﬁm B e e

i odi ne- 131 (}3hdiic 389n MBcHH! ¥nb/dP)an iR SEhinsat@6inCarho QedtRhSield Qibcrises

activated charcoal or ‘activated coal) may be a powdered, granular,
bri quetted adiffoentpeiutes eddftypen of caborapwbpitonstetals bat mad be ised e fem ¢

characterized by a.lar surface ea per. uni.t _vol une ; ce
of numer ous FPﬁéoﬂB?%QPﬁ’ﬁ #Wiosél{ﬁ” ?‘ggxé/egefr, Eeﬁ(gmé%% rie\clcéﬁnéz(fdtg gtr %ng)ﬁééh ng%oggﬁfqu
carbons ase 23npBRabhEofahe pRAGAHRIISNE HFan6slimiteditd HE dekfibedsorbems.ol ved

substances on the surface of its pores primarily by adsorption. ted

carbons have a br dagﬁmémﬁ)gwﬁac@&@ﬁi \F@ﬂé%‘t PRIPERLS TBRE & @Pﬁrfg%vg?él
and chem oo oA iy BOHRFERREFLe LA i el v s o
mat eri al s mayhdalisesRdrd. or Atfheated raftaas umey ofe astd wat satbess bion décvataminatg,
but not hazardous agents or contaminants such as but not limited to hydrogen sulfide (H,S),
20 ammonia (NH3), formaldehyde (HCOH), radioisotopes iodine-131 (13 'T) and mercury

(Hg). An activated carbon (also known as activated charcoal or activated coal) may

be a powdered, granular, briquetted and/or pelleted form of an amorphous carbon and

is generally characterized by a large surface area per unit volume due to the presence

of numerous fine pores on the surface of the activated carbon. Activated carbons are

25  capable of sequestering gases, liquids, and/or dissolved substances on the surface of

its pores primarily by adsorption. Activated carbons have a broad spectrum of

adsorptive activity, excellent physical and chemical stability, and ease of production

from readily available materials including waste materials. A variety of carbonaceous

raw materials may be used for the manufacture of activated carbon including, but not

30  limited to, wood, peat, lignite, coir, bone char made by calcining bones, nut shells

(e.g., coconut), coal, petroleum coke and petroleum pitch.



30limted to, wood, peat, lignite, coir, bone char made by cal ci ni ng bones,
nut shells (e.g., coconut), coal, petrol eum coke and petroleumpitch. WO
2012/ 030680RCR/3&D@11/ 049056 28 Activation may CORPTIUS01tlNe®Es Ng
carbon to open many pores having a dianeter that ranges from about 1.2
nanoneters (nn) to about 20 nm (e.g., gas-adsorbent carbon) or up to about
100 nmdi ameter range (e.g., decolorizinggarbons). Follow ng activation,
an activated carbon may have a | arge surface area (typically 5 500-1500
n2/ tg) rendering it operable to adsorb one or nore hazardous agents or

cont am nants. A vari Gl 10N S tQvaet hvate
a carbon. Exenpl ar‘%/cur‘{%tﬁ- irﬁét i"%‘p?flg% htg%glhgs%%gédgqgc?@gggﬁ}é;éﬁgsngg\rgg :
gprm_r ld se ?lllbjd@ﬁﬁétagt}iahegxsgas tfesin tabose |l & hancenasers datd) o alouh @Ostreai®g. .cgasbon

i oxi de, ue gas, or air to open th ore, 10 structure., G her. net hods, of
activation magsarpent cadom QF H@t‘gﬁ@ﬂtéﬁp g,m' \S‘E’r‘?teé§a’??§t@l1g"cdrﬂ°8llof15‘él§ cﬁg’.oﬁg),'
zinc chlori d%)ollo%{aﬁaéctﬁf'd{i%,dﬁ?a Bl cHPAS H{!ﬁt Bive PraS SifbesSatd i(@ically

pot assi um t hi ocyan e, and/or p%osphorl c acid wwth a carbonaceous natter
fol | oned By Gabel 00N> /ghdemizsing rity optrableeti ailserb one & dheteonzasions gaCHsOF ace
area, certain chenmical treatnments may be used enhance the absorbing
properties ofCH@MRAN%:d 15 carbon sorbents. Teachings of the present

di scl osure recogniggathiatrbisyios Hedtho e beanidstoakavateh caitidnt Ekeplany
particul ar nmethods of activation or to any particular raw material sources

;3]11_ng/r g; C](‘) g(ra nulr?anﬂbmsin]gﬁncihqumtsééb acivetercasms apayscomprise subjsgiang e carboadtp on
. high.surface-area structures t iqat r
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i ntensely coff I'spfrayli ng various

por osi ty 1020 sietRP00gRr Aicthcs & agsivalopasayiietheleihinghehdcals, suth as metal
graphite-like material run parallel to each ot her segﬁrated bé onl & few
fide

ngnorrEjt ers. Nhiorisee(es. mne phlotifidle nagi@leviliddese siriplt FHoOsRNA(E, PRSP ¥ ince
adsor bi ng mat CAR_ | i | i
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Activated cafbon ma such as a contam nant) by

van der \al gyf eilcigirgr ahdveshingi iperesidoa fbr edditiom te origh i susfaem eess, 28rtain

activated carbons may bind or adsorb certain conha jnant material s Q/% 8hem)
P e

sorption. Acthemiel EaMpans B Eo‘t‘ﬁ?fle?mﬁ%‘aﬁ}&et SO%HPEE BIPRTHCP 197

glr 2;; ;%/ilgz %ﬁ"gﬁg‘#ﬁiﬁ%@ E/’g%,cﬁinlﬁg havinRr presétt f BS@osuld hélghize Sthiat $hea Pebsent
embodiments are not limited to any particular methods of activation or to any
particular raw material sources and/or formulations of activated carbon sorbents.

Under an electron microscope, high surface-area structures of activated carbon
reveal intensely convoluted individual particles displaying various kinds of porosity.

20  Micropores are seen as areas where flat surfaces of graphité-like material run parallel
to each other, separated by only a few nanometers. Micropores may provide superior
conditions for adsorption since adsorbing material can interact with many surfaces
simultaneously.  Activated carbon may bind or adsorb materials (such as a
contaminant) by van der Waals force or London dispersion force. In some instances

25  activated carbons may bind or adsorb certain contaminant materials by
chemosorption.

Activated carbons are complex products which are difficult to classify on the
basis of their behavior, surface characteristics and preparation methods. However,
some example activated carbons classified broadly based on their physical

30 characteristics that may be used as sorbents in non-limiting embodiments of the

present disclosure may include: powdered activated carbon (PAC), granular activated

carbon (GAC), extruded activated carbons (EAC), impregnated carbons, and polymer



sonme exanpl e activated carbons classified broadly based on their physical
30 characteristics that may be used as sorbents in non-limting enbodi nents
of the prweent2/mdd@al osure may incl ude: powdered acti vat edTaseden4{oRAC) ,
granul ar activated carbon (GAC), extruded activated carbons (EAC),

i npregnated carbons, and pol yner WD 2012/ 030604PCT/ US2011/ 049056 29 coat ed
carbons. Sone enbodi nents of the disclosw® may use activated carbon
aerogel s having even higher surface areas as sorbents for sone

appl i cations. Exenplary PAC s may conprise active carbons as powders

or fine granul I ha Q. |4k ' [ |
G aret or “bet dRgRd ¢iDrin Sore oty bR Bk Whelbed I ToAMA B
vol ume rat i o agfoighls hasingleberthiizheissvoface iisbaacorbdttomayme epplidaiencr ushed or

ground carbon particles, 95-100% of whi.ch are ssed through a.desi gnat ed
nmesh si eve. Fessmpbary /€8 1y 8??‘9%$eyaqt‘é’?d%¥ab°}5‘éla§ipé’l"vgle§i %feﬁ%“o%%}‘%a to

PAC and t her ?ésg;’t@”ﬁ{sf nﬁﬁi‘fﬁ’e&@r{gﬁ% iR ki XHiB] APhvesadel BsiBeteOGwEedBY 5 It Ghd ON

via adsorbate usi on an y be used for adsorption of gases and
vapors as5théi2s mai.e PHC’dirhdyubaena darge Safacr to Glome| ratie gvitag sond ¢Eysipe

used for water trea t, deodorisatjon and separation. of e >

flow system % Cﬁa?‘%@“@?’ tRBIPTSH cwg?fﬂ?ragropgfﬁ?rgpn RgHE %8@%5_@% ‘Eﬁ”zhl%
typical ly deg{ORateOmRyiehiaZRSichted nsh 8%, 20x40, or 8x30 for liquid phase
applications and 4x6, 4x8 or f&lo for vapor phase applications. A 20x40

car bon is 15 mde d(bgi’psahweca @atiwi’ast laserparticlo siyn c@mpasd 1o Rivaand HESHOTS| ze
si eve , ener a S ) %s: ' :
retai ned on énaw_}%_vegtsg%%? %ﬂ%%{]s%%agee. ﬁ%%é%n%ggﬁéﬁte\?é? 1%8&5?&6&2%1& gité’ﬁg‘#’% |y

speci fi edoas n@f%be aicdi foe AsorpHBi bf aseVahe vapérsks thsis oate aff idififus|od/Wik) fagiz092)
B604 uses the 50-mesh sieve (0.297 nm as the m ni mum GAC size. 20A GAC may
conpri se act iGrandated sarons mayhertsgd dor watsh rgaiient idegdorisglion snq3gpParatignmAC

a2 e EpeadR ol SoRiep Rl SoEARIN i Tesigs, e
si eve (0. 177 amniymedllys dedigrexedaby RMEs such as 8x20, 20x40, or 8x30 for liquid phase
applications and 4x6, 4x8 or 4x10 for vapor phase applications. A 20x40 carbon is
15  made of particles that pass through a U.S. Standard Mesh Size Number 20 sieve (0.84
mm) (generally specified as 85% passing), but are retained on a U.S. Standard Mesh
Size Number 40 sieve (0.42 mm) (generally specified as 95% retained). American
Water Works Association (AWWA) (1992) B604 uses the 50-mesh sieve (0.297 mm)
as the minimum GAC size.
20 A GAC may comprise activated carbon retained on a 50-mesh sieve (0.297
mm) and PAC material as finer material, while The American Society for Testing and
Materials (ASTM) classifies particle sizes corresponding to an 80-mesh sieve (0.177
mm) and smaller as PAC.
An EAC may comprise a combination of a PAC with a binder, fused together
25  and extruded into a cylindrical shaped activated carbon block having diameters from
0.8 mm to 130 mm. EAC’s may be used for gas phase applications because of their
low pressure drop, high mechanical strength and low dust content.
Polymer coated carbon may comprise a porous carbon coated with a
biocompatible polymer to give a smooth and permeable coat without blocking the
30 pores. The resulting activated carbon may be useful for hemoperfusion.

Hemoperfusion is a treatment technique in which large volumes of the patient's blood



An EAC may conprise a conbination of a PAC with a binder, fused together 25
and extruded into a cylindrical shaped activated carbon bl ock having

di anet er swbnomv@o@4mm to 130 mm EAC s may be used for @a3/ush@sm49056
applications because of their |ow pressure drop, high nechanical strength
and | ow dust content. Pol ymer coated carbon may conprise a porous
carbon coated with a bi oconpatible polyng80 to give a snooth and perneabl e
coat without blocking the 30 pores. The resulting activated carbon may be
useful for henoperfusion. Henoperfusion is a treatnment technique in which
large vol um%reoéasgélﬁowtag%géﬁe | QBEtanddOn2Ha&/ B30RBIE (ki A ARHREGHS0
are passed over® an adsorbent substance in order to renpbve toxic substances
from the bl obthod. Some enbodi nents relate to conpositions of the

di scl osure conprisjng an activated carbon sor.bent .that,. e

5Al t hough sever al Sslgﬁ%oﬁfph%qﬁ‘fnfn avg’t%g%ﬁomPPﬂEP?%Pééﬂ%gﬁgE’é%r?r?“Eﬁe‘ldgﬁ?% an
detail, it Wallivda& ELERADWIBEA A MayBehsdiledut i ons and alterations are
possi bl e without departing fromthe spirit and _scope of the present .
di sclosur®, as defAlfhoughyevend capwdiments bava basn illygtyated and described in detail, it
2012/ 030604PC“;1F{1 %%Zg%g)érgéegcp A%t 3lbstitutions and alterations are possible without departing

from the spirit and scope of the present disclosure, as defined by the appended claims.



VWHAT IS CLAI MED | S: 1. A nethod for inpregnation of a sorbent,
conprising: receiving a mlled sorbent in a sorbent delivery chanber;
form ng awoizbirsog@hase m |l ed sorbent; receiving an i npPEYNBRE11i0#9086

cont ai ner; and contacting the dilute phase mlled sorbent with the

i npregnant under conditions to cause inpregnation of the inpregnant into
the sorbent. 2. The nethod of C aimil, wherein the inpregnant is
atom zed to form atom zed i npregnant droplets prior to contacting. 3.

The net hod of G aim1, wherein the inpregnant conprises a selected one of a
hal ogen, ?ﬁgigsséi‘h; 1@% ogen acid, a cation, silver, and sulfur.
4. The rret ho “ein the haI ogen is sel ected fromthe group

consi sting of brom ne, Achiedfddrferlmprdgmioarmﬂafsbﬂmnﬂ nemprising: 5. The net hod

of Claim4, wherein the hal.Qgen js bromn he net hod of C aim 3,
wher ei n the hal og&¢feivang ﬁf‘tlﬂ%quQSB?ﬂiﬁ‘i’ §éﬂer?|t dﬂu‘"ﬁﬁ ®Sol uti on. 7.
The method of O aigmdi,o WRRHLE fhabdRiilldd dopsbngOr bent conprises an activated
carbon, a non-carbon s%rbent or conbi nati ons t her eof 8. The net hod of

- Claim7, wherein trén&mmglalmanpmgnmlnb&n@ntalsels@héct ed fromthe group

con5|st|ng of a zeollte nasilic rigc resin
nonmetal | i c resinCORREHIR, tﬂ% 1§1ﬂ] S%x%‘ﬂﬁﬁ%géowggi "U?hv%e fitbgndht under
2012/ 030604P@3ﬁd~1’§319s]{1)/ at0afpregnation of the impregnant into the sorbent.

2. The method of Claim 1, wherein the impregnant is atomized to form

atomized impregnant droplets prior to contacting.

3. The method of Claim 1, wherein the impregnant comprises a selected

one of a halogen, a halogen salt, a halogen acid, a cation, silver, and sulfur.

4. The method of Claim 3, wherein the halogen is selected from the group

consisting of bromine, chlorine, iodine and fluorine.
5. The method of Claim 4, wherein the halogen is bromine.

6. The method of Claim 3, wherein the halogen is further comprised in an

aqueous solution.

7. The method of Claim 1, wherein the milled sorbent comprises an

activated carbon, a non-carbon sorbent or combinations thereof.

8. The method of Claim 7, wherein the non-carbon sorbent is selected
from the group consisting of a zeolite, an aluminosilicate, a polymeric resin, a non-

metallic resin, a clay, or an ion exchange resin.



32 9. The nmethod of Caim7, wherein the activated carbon is sel ected
fromthe group consisting of a powdered activated carbon, a granul ar
activat edwoantramspeoa |ignite, a brown coal, an activatedPcarusenihansag a

di anmeter to 40 mcrons or |less, an activated carbon having a dianeter of 10

mcrons to 30 microns, and conbinations thereof. 10. The met hod of
claim1, wherein the range of particle size of the mlled sorbent is
simlar to the range of particle size of inpregnant. 11. The met hod

of Claim1l, wherein contacting the dilute phase mlled sorbent and the

| pregnant i s perigor ”e%ﬂf’}n%ga o @aifﬁe’ﬁs\%ergiﬁvthﬂ gctgza?é?lnéa%n sherben from

12. The method of "C aim ereirn contacting t ilute phase mlled

solr _begt _ anfj &lﬁwﬁﬂbonproegﬁaﬁﬁg b8 a pemideradeattivated carbonng grasdel achiasted gabon, a
cylindrical chanber. 13. A method for .inprggnation of .a sorbent
conpri sing: HEEEP\A l?f@_wé‘ @6*9@@@?“%9‘; ﬁﬁgﬁn g@é‘ﬁ%@tﬁ%@gt%%‘gﬁ{mﬂgﬁ PIFE 8 e
atom zi ng an a@ﬂ*ﬁ?&f’é&gb@ﬁ’ hEGREN diafletdr 1021 0f RidrSiMoAT0 AILIBAY Sand! @MBiRMions

i npregnant droplets having a“respective aqueous atom zed inpregnant dropl et
si ze; contactherepft he sorbent with the aqueous atom zed inpregnant droplets;
m xing the sorbent with the aqueous atoni zed inpregnant droplets, thereby
form ng an inpregnated sorbent. 14. The nmethod of Caim 13, wherein a

size range of the 190r bere Rehbd 6F Elafih 2ewhéresi Helradget f partidle siz¢ afge millet he
aqueous at om zed i npr e?nant dropl et si ze. 15. The method of C aim 13,

wher ei n cont actbienigis tsheilarde Heangmel nasécle gige ofisnpresaied i npregnant dropl et's

conprises turbulence formati on. WO 2012/ 030604PCT/ US2011/ 049056

11.  The method of Claim 1, wherein contacting the dilute phase milled

sorbent and the impregnant is performed in a mixing vessel having a conical chamber.

12. The method of Claim 1, wherein contacting the dilute phase milled
sorbent and the impregnant is performed in a mixing vessel having a cylindrical

chamber.

13. A method for impregnation of a sorbent, comprising:

receiving a sorbent having a respective sorbent particle size;

atomizing an aqueous impregnant solution to form an aqueous atomized
impregnant droplets having a respective aqueous atomized impregnant droplet size;

contacting the sorbent with the aqueous atomized impregnant droplets;

mixing the sorbent with the aqueous atomized impregnant droplets, thereby

forming an impregnated sorbent.

14.  The method of Claim 13, wherein a size range of the sorbent particle

size is similar to a size range of the aqueous atomized impregnant droplet size.

15. The method of Claim 13, wherein contacting the sorbent and the

aqueous atomized impregnant droplets comprises turbulence formation.

16.  The method of Claim 13, wherein mixing the sorbent and the aqueous

atomized impregnant droplets comprises turbulent mixing.



33 17. The method of C aim 13, wherein contacting and m xing the
sorbent with the aqueous atom zed inpregnant droplets is perfornmed in a

m Xi ng veseebidmvéong a coni cal chamber. 18. The mechas2afi/o@&oas m 13,
wherein contacting and m xing the sorbent with the agqueous atom zed

i npregnant is performed in a mxing vessel having a cylindrical chanber.

19. The nethod of Caim1l13, wherein the sz bent is a mlled sorbent.

20. The nmethod of Claim 13, wherein the sorbent is a powdered sorbent.

21. The nethod of Claim 13, wherein the inpregnant conprises a hal ogen
selected fromthe group consisting of bromne, chlorine, iodine and
fluorine. 22. The nmethod of claim2l, wherein the hal ogen conprises a
sel ected one of a1hal ogeie mathbd afidlainhaB oghereacéehtacting and28ixifhthenwtrend of
Claim 22, wherein the hal o?en_ salt conpri aes a sodi gm b%gr.ri de (iNaBr‘). 1

24. An inpregfitk & agrsEnEomiged HPPreRRane EBLFtHAS EEHPIRGhL In A pIxIing vesse
2012/ 030604P¢I{J52Q1 1 0A30Rbe34 25. An apparatus for inpregnating a
sorbent, conprisfng: a m xing vessel having at |east one atom zer,
the m xi ng vessel operable to facilitate synchroni zed spraying of atom zed

i npregnant dropletg fr t he. at om zer d facilitate synchroniz

t ur bul ence formatilgn of orPBté‘ﬂ% Og]éﬁf‘%ﬁgswhf’f&ma‘f%ﬁ?@éﬁ ?@p?g‘érﬁ%ﬁl% S@F%eﬁlltets
and further Qpar akl SqfeBuf AfdnhitRiRpFEenhmTisOferfonnbd i8NS Enikidg MRdsk rhavingf ar m

an inpregnated sorbent, the mxing vessel having a first end and a second

end and furt eglindreapeliagibey: a cylindrical chanber disposed toward the first
end;

19. The method of Claim 13, wherein the sorbent is a milled sorbent.
20. The method of Claim 13, wherein the sorbent is a powdered sorbent.

21. The method of Claim 13, wherein the impregnant comprises a halogen

selected from the group consisting of bromine, chlorine, iodine and fluorine.

22.  The method of claim 21, wherein the halogen comprises a selected one

of a halogen salt and a halogen acid.

23.  The method of Claim 22, wherein the halogen salt comprises a sodium

bromide (NaBr).

24.  Animpregnated sorbent made by the method of Claim 12.



a coni cal chanber disposed toward the second end; a top flange

di sposed toward the first end and having the at |east one atom zer di sposed
t her eon, wbeneiaodohe at | east one atom zer is operably ecuplsed 10086
aqueous i nmpregnant source and a conpressed air source and the atom zer
operable to atom ze the aqueous inpregnant into atom zed droplets of

i npregnant; a bottom flange di sposed towey4d the second end and having an
inlet operable to facilitate inflow of a sorbent and conpressed air into

t he coni cal chanber; and a product discharge tube, wherein the

coni cal chanber is.operabl e kL . o ion conprisin
the sorbent and c?ﬁ‘pre sne%ppg%a(r%u%@?f%b\ﬁteggae[}n%ﬁ%\?vﬂ%?’ Ct%ﬁ‘Ié?gigSo bent and °
conpressed air thuoMpding Ressenh&tingat 1dast bed dtomifdrathgemixing vesselpoiatde to
di scharge tube is operable to discharge the jnpregnated, sorbet to an.

exterior prodisdlitateotynehtopized sprayingogl atppized manregnzat dropists fiopy ghe gipmizer i
the mxing v 4:8:C i r @S 1, Ok L iaall- i 27.
The appar at ugﬁ?ﬁl‘ %Jlg‘fem%?}o\?&n?%rd (e)tfuﬁlﬁ}tl eerﬁﬂ >§<I?[1 %%br{/gggilfoeﬁip%%%% iaggdat%r]{nzgd

t enper at ure fimarghant dresets taad tfuridrerpesdble to facilit#8 mi¥ing cpprbrtengs fasmadbai m
25, wherein th? m Xing vessel is fu&t her. opera{)%e.to Erai ntain.the d
tenperat ure ARFTAATEGATRAERT SOPaR:I BH ERXIPE VRSET R Ny lés[t(?ﬂ?%%als%ﬁpggeﬂant
droplets to faH&?&ﬁH&?c& figgpat ed sorbent within a range where atom zed

i mpregnant droplets renains in an aqueous phase and are not converted into
a gaseous phase. awglindricyl oBoBoEGPOESLOVEIDUSFBE BY; 29. The

apparatus of Caim25 erein.an angle of.spra the atom zer may be
from 10 to 15. acon%:cﬁm’flﬂﬁje&ﬂﬁg?s [Aﬂgw%r?it gffcr%}{%gl?d’mherei n an angl e of

spray of the atomazgp ﬂaﬁg@@@g@éh%wm& yst s ah@ haviag khe dtlléast bee stomient .
31. The apparatus of Caim25, wherein an angle of spray of the atom zer Is
desi gned to aisposedstherepnigherpia therpt leayone gloneizerds eperably cougled o ap@AROYS of

| mpr egnat i ng i rseéglgrﬁ%toul%% R i aséo%rgﬁgﬁ' girtslaﬁrc@ Rha R %nﬂier gp@liameztlé ' atérﬁﬁe

met hod conprisfn
the aqueous impregnant into atomized droplets of impregnant;

a bottom flange disposed toward the second end and having an inlet operable
to facilitate inflow of a sorbent and compressed air into the conical chamber; and

a product discharge tube, wherein the conical chamber is operable to facilitate
turbulence formation comprising the sorbent and compressed air following inflow of
the sorbent and compressed air through the inlet on the bottom flange and the product
discharge tube is operable to discharge the impregnated sorbet to an exterior product

collector.

26.  The apparatus of Claim 25, wherein the mixing vessel is comprised of

a corrosion resistant material.

27.  The apparatus of Claim 25, wherein the mixing vessel is comprised of

a temperature transfer resistant material.

28.  The apparatus of Claim 25, wherein the mixing vessel is further
operable to maintain the temperature during mixing of turbulence formation and
atomized impregnant droplets to form the impregnated sorbent within a range where
atomized impregnant droplets remains in an aqueous phase and are not converted into

a gaseous phase.



receiving a dilute phase sorbent conprising sorbent and conpressed air;
facilitating a flow of the dilute phase sorbent into the conical chanber of
t he m xi goverssbheouo form a turbul ent formati on conpri siPog/usb@1serbent and
conpressed air; receiving an aqueous i npregnant; facilitating fl ow of
t he aqueous i npregnant and conpressed air into the atom zer of the m xing
vessel ; atom zi ng the aqueous inpregnagg to form atom zed i npregnant
droplets; contacting the turbulent formation with atom zed i npregnant
droplets in the conical chanber of the m xing vessel; m xi ng the
turbulent formation wth the atom zed i npregnant droplets in the conica
chanber of the m xing vessel to allow contact of inpregnant droplets with
the sorbent parti @oes tThefappataas dfhPlaagRas edesar reatgle of spray dif dli¢ ategizene

i npregnated sorbent to the discharge tube on the top portion of the mxing

vessel to remA¥ebe fiemilPpiebhat ed sorbent formthe mxing vessel . 33.
The nmet hod of claim 32, wherein the sorbent is a mlled sorbent. WO
2012/ 030604PCT/ US2011/ 049056 36 35. An apparatus for inpregnating a

sorbent conprising0. The appaiatisnef Qleis &5, Whvienyawm aegloof gprag cditharitoBizer t he

m xi ng vessel. operable to facili.tat nchroni zed spraying of atom zed

i npr egnant  drdPPEEYC £ FHAY B Si?ﬁ‘ a@YWesogfe% zers and operable to
synchroni ze turbul ence formation of sorbent particles and atom zed

i npregnant droplets and further operable to facilitate m xing of turbul ence

formation to form3dn i ifrecappatases efoClaem2s, wiherein gp aagly of saray e AlOMHEF 3
chanber havi ngeaeierds e dapeiiiabs FERsBRTef B8R ™Y (Re fYrst fi ange
di sposed toward the first end and having a first inlet operable to deliver
a sorbent and conp3r2§sseg rr?eit}rl(;)d of impregnating a sorbent comprising using the apparatus of
Claim 25, the method comprising:
receiving a dilute phase sorbent comprising sorbent and compressed air;
facilitating a flow of the dilute phase sorbent into the conical chamber of the
mixing vessel to form a turbulent formation comprising the sorbent and compressed
air;
receiving an aqueous impregnant;
facilitating flow of the aqueous impregnant and compressed air into the
atomizer of the mixing vessel;
atomizing the aqueous impregnant to form atomized impregnant droplets;
contacting the turbulent formation with atomized impregnant droplets in the
conical chamber of the mixing vessel;
mixing the turbulent formation with the atomized impregnant droplets in the
conical chamber of the mixing vessel to allow contact of impregnant droplets with the
sorbent particles to form an impregnated sorbent;

drafting the impregnated sorbent to the discharge tube on the top portion of the

mixing vessel to remove the impregnated sorbent form the mixing vessel.
33. The method of claim 32, wherein the sorbent is a milled sorbent.

34, An impregnated sorbent made by the method of Claim 32.



the second flange di sposed toward the second end and having a product

di scharge tube disposed thereon the product discharge tube conprising an
out | et; twe 20re3as04nore atom zers di sposed on vari ous | ecatusens/oamwsé he
surface of the cylindrical chanber; each atom zer operably connected to a
source of an aqueous inpregnant; each atom zer operably connected to a
source of conpressed air; each atome&er having an atom zer inlet
operable to deliver an inpregnant and conpressed air; the atom zer
further operable to atom ze the aqueous inpregnant into atom zed i npregnant
droplets; and t he product discharge tube operable to discharge the

i npregnat ed sorbent to an exterior product collector. 36. A nethod of
i npregnating a ml35ed sof hgnkataofop impieggatirgy agprbére cempeisiagus of C ai m 35,
the nmethod conprising: obtaining a dilute phase sorbent.;. tran rting
the dilute phase $orBdng vessel kaying %%%%mgf$a@m1@r§,ﬁge W*Wﬁd’FFS@EPpgﬁ%‘ggr of

e TS0 1938l B ST AORIRUL B ot o s S
2012/ 030604 Paidre/aRiizée 480 5perable to synchronize turbulence formation of sorbent particles
and atomized impregnant droplets and further operable to facilitate mixing of
turbulence formation to form an impregnated sorbent, the mixing vessel comprising a
cylindrical chamber having a first end and a second end,;
the cylindrical chamber having a first flange and a second flange;
the first flange disposed toward the first end and having a first inlet operable to
deliver a sorbent and compressed air;
the second flange disposed toward the second end and having a product
discharge tube disposed thereon the product discharge tube comprising an outlet;
the one or more atomizers disposed on various locations on the surface of the
cylindrical chamber;
each atomizer operably connected to a source of an aqueous impregnant;
each atomizer operably connected to a source of compressed air;
each atomizer having an atomizer inlet operable to deliver an impregnant and
compressed air;
the atomizer further operable to atomize the aqueous impregnant into atomized
impregnant droplets; and
the product discharge tube operable to discharge the impregnated sorbent to an

exterior product collector.

36. A method of impregnating a milled sorbent comprising using the
apparatus of Claim 35, the method comprising:

obtaining a dilute phase sorbent;

transporting the dilute phase sorbent and compressed air into the cylindrical
chamber of the mixing vessel to form a turbulent formation comprising the sorbent
and compressed air; |

obtaining an aqueous impregnant;



37 transporting the aqueous inpregnant and conpressed air into one or
nore of the plurality of atom zers located on the mxing vessel; atom zing
the aqueowe 20mgpBe@aant to forman atom zed inpregnant diPOPIUSREL1/049056
contacting the turbulent formation with the atom zed inpregnant droplets in
the cylindrical chanber of the a m xing vessel having a cylindrical mxing
chanber; m xi ng the turbulent forng7 on with the atom zed i npregnant
in the cylindrical chanber of the m xing vessel to allow contact of
hnp;fgnanthinyo the sorbent to form an inpregnated sorbent; and

rafting the inpregnat sqrb 0 I : d of
the m xi ng vessel ?%ggoeﬁ%g{et%@E?&rrsplrrﬁegg}g%{%gg%F%gﬁieg%grﬁpﬁg%ﬁg?%ggsggseI .
37. The net heit sifiratitypbMatdmizevhiecatdot e mdigendsséls a nilled sorbent. 38. An

i npregnat ed sorbent nmade by the nethod of ai m 3?. .
atomizing thé aqueous impregnant to form an a omized impregnant droplets;

contacting the turbulent formation with the atomized impregnant droplets in
the cylindrical chamber of the a mixing vessel having a cylindrical mixing chamber;

mixing the turbulent formation with the atomized impregnant in the cylindrical
chamber of the mixing vessel to allow contact of impregnant into the sorbent to form
an impregnated sorbent; and

drafting the impregnated sorbent to the discharge tube on the second end of

' the mixing vessel to remove the impregnated sorbent form the mixing vessel.
37. The method of claim 36, wherein the sorbent is a milled sorbent.

38.  Animpregnated sorbent made by the method of Claim 36.



