


815. Sjostrom described testing mercury removal from flue gas of coal-fired

power plants involving halogen injection.

1183

Specifically, the annotated figure

below shows that Sjostrom teaches injection of bromine in at least three locations

throughout the coal power process.

21184

Addition Location 1 of Sjostrom renders obvious injecting bromine upstream of the

combustion chamber, such as by adding it to the coal entering the boiler.

Addition Location 2 of Sjostrom discloses injecting bromine into the boiler.

1185

1186

Location 3 of Sjostrom discloses adding bromine to the mercury containing gas

through the injection of PAC sorbent into the flue gas.

1187

816. A POSITA would have found it obvious that the “Br” of Sjostrom would

be a widely available bromine-containing material, such as HBr or an aqueous

1183
1184
1185
1186
1187

Ex
Ex
Ex
Ex
Ex

. 1010 (Sjostrom) at 4.

. 1010 (Sjostrom) at 4 (annotations in red).
. 1010 (Sjostrom) at 4 (annotations in red).
. 1010 (Sjostrom) at 4 (annotations in red).
. 1010 (Sjostrom) at 4 (annotations in red).
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solution of a bromide compound, such as CaBr2, for Addition Location 1 and
Addition Location 2. Further, Sjostrom teaches the addition of “KNX (Alstom

»188 KNX was a known aqueous solution of a bromide salt additive

Power).
developed for enhanced mercury control. As discussed above, Addition Location
1 of Sjostrom renders obvious adding bromine-containing species upstream of the
combustion chamber, such as by adding it to the coal entering the boiler.!'®® Thus,
Sjostrom renders obvious the mixture being combusted comprises coal and an
additive comprising HBr, a bromide compound, or a combination thereof.

817. Furthermore, a person of skill in the art would have looked to the
Eckberg reference to further tune implementation of a system like that of Sjostrom
because it would have identified well-known chemical substances that could be used
as the “CI” or “Br” identified in the figures of Sjostrom. (adding calcium bromide,
CaBr», onto the coal or into the combustion chamber and having it react to provide
HBr in the flue gas), as well as the flow rate of calcium bromide, the resulting
bromine:coal ratio, and the resulting concentration of HBr in the flue gas in such a

system. Specifically, Eckberg teaches injection of “CaCl, (25 wt%)” or “CaBr (52

wt%)” into the combustion chamber.''®  As a result of this injection, the bromine is

1188 Ex. 1010 (Sjostrom) at 23.
1189 Ex. 1010 (Sjostrom) at 4 (annotations in red).
90 Ex. 1011 (Eckberg) at 9.
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provided at a 0.09 weight % (relative to coal), which dissociates and further reacts in
the gas phase to provide 50 ppm HBr in the flue gas.!"”!

818. Like Sjostrom, Eckberg also teaches enhancing mercury removal
through halogen injection into a boiler. Eckberg describes several testing objectives
including “[i]ncreas[ing] mercury oxidation in flue gas derived from Texas lignite”

29

and “[e]nhanc[ing] mercury removal across wet scrubbers.” Eckberg also describes

testing the mercury removal effects of halogen injection directly into a coal-fired
boiler.!%?
819. Eckberg described a similar location as Sjostrom for adding halogens
into the overall system, namely directly within the boiler. Sjostrom described testing
mercury removal from flue gas of coal-fired power plants involving sorbent injection,
halogen addition, and a combination of the two. Specifically, the annotated figure
below shows that Sjostrom teaches adding halogens in at least three locations.

820. Tunderstand that under the Plaintiffs’ theory of infringement in this case,
and consistent with the Court’s claim construction ruling, combusting a mixture
comprising coal, pyrolysis char, and an additive comprising HBr, a bromide

compound, or a combination thereof does not require the addition of pyrolysis char

to system. I understand that under this theory this claim element of pyrolysis char as

9T'Ex. 1011 (Eckberg) at 9.
1192 Ex. 1011 (Eckberg) at 5.
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it appears in Claim 1 is met if the combustion of coal produces some pyrolysis char,
even briefly. I agree with Defendants that some pyrolysis char inevitably will be
formed whenever coal is being combusted, including in the combustion systems
disclosed in Sjostrom in Eckberg.

3. Claim 1: Element (1)(¢)—*“adding a particulate sorbent

material comprising activated carbon into the mercury-
containing gas.”

821. This limitation is disclosed by Sjostrom. As shown in the annotated
figure below, Sjostrom described certain tests involving sorbent injection

downstream of the boiler.!'*?

'"lancing Mercury Removal for i
__WesternCoals

cl, Br, F, |

Sorbent CLBrnLF 1

Injection
Hg
CEM
3
Ash and
Sorbent
Cl, Br, F, | i
193 Ex. 1010 (Sjostrom) at 4 (annotations in red).
Expert Report of Dr. Stephen Niksa Page 535

Exhibit 2011
Page 544



As shown in the above figure, the “Sorbent Injection” occurs downstream from a
combustion chamber. Specifically, Sjostrom described testing performed with
activated carbon injection, including injection of “DARCO FGD.”'"* A POSITA
would have understood that DARCO FGD was a well-known type of activated
1195

carbon used for mercury capture.

B. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: The method of claim 1, wherein the pvrolysis char
is a promoted pyrolysis char

822. As described for Claim 1, the char present in the combustion mixture is
the char present from the combusting of coal. As described for Claim 1, the Sjostrom
reference also discloses the addition of bromine compounds into the combustion
zone. According to Defendants’ own theories of infringement, the formation of char
during the combustion of coal in the presence of bromine will lead to the formation
of some promoted pyrolysis char.

2. Claim 5: “The method of claim 1, comprising removing

greater than 70 wt % of the mercury in the mercury-
containing gas.”

823. This limitation is disclosed by Sjostrom. Sjostrom includes numerous

charts showing greater than 70 % removal of mercury from the flue gas. For example,

1194 Ex. 1010 (Sjostrom) at 10, 11, 16.

195 See, e.g., State of the Art, Sections XII.C.3, XII.G.2.
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the below chart shows the mercury removal from testing at a plant using the system

of Sjostrom.!'!%¢

-t

Hg Removal (%)
o282 RRS

+ DARCD FGD Holcomb
© MECF Holocomib
4 FGD-EY Holcomb
& Long Term FGD-ES HoleomEy
+ DARCO FGD Stanton U0
o 20ECP Stanton U10

FGD E3 Stanton U10
| = BPAC Stanton 10

Unitreated Carbons

o 2 4 ]
5‘ Injection Concentration (Ib/MMact at ~ 230°F)

Similarly, the below chart shows the mercury removal from testing at a plant using

the system of Sjostrom. !

': Results From Meramec
£ a0 Limited Perfarmance Ohserved
7o R : * i J
FY - =
T :
8 Ty &
40 - i *Meramec - PRE |
MW == Plewsant Pramme—=PRE
20 o & Coal Creek - Lignite
! 10 # Stanton - Ligni
0 : & Ltlrland Olds - Lignit

o B 10 18
Sorbant Injection Rate (Ib/MMaof)

3. Claim 6: Element (6)(a)—*“The method of claim 5, further
comprising: measuring the mercury content of the
mercury-containing gas; and ”

1196 Ex. 1010 (Sjostrom) at 16.
197 Ex. 1010 (Sjostrom) at 20.
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824. This limitation is disclosed by Sjostrom. As shown in the annotated

figure below, Sjostrom describes passing the treated flue gas through a stack with an

attached Hg CEM (continuous emissions monitor) attached.'!*®

ancing Mercury Removal for 'q
_ Western Coals A=

“ClI,Br,F,|

Sorhent Cl, Br, F, 1
Injection

- \-
. —
i !

s
|
i
-~
L5

Cl, Br,F, 1

Further, Sjostrom discusses taking Hg measurements at both the inlet and outlet of

the ESP as shown below.!!"?

In-Situi
Fly Ash Samgling Sorbent Injection
. =g Analyrars

= Gas Flow

Hopper Ash Sampling

[Test and Sonlrol Side]

198 Ex. 1010 (Sjostrom) at 4 (annotations in red).

199 Ex. 1010 (Sjostrom) at 19.
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Sjostrom includes the chart showing the Hg emissions as measured at the inlet and

outlet of the ESP!200

g _ Proposed Limit
2 = i ri
6B
H
-}
I
|
Las _
5 30 §
~30 @
= 2
3 a
- L
[4s &
]
STy 12 1A 10 LT 11 1A 1 &

825. As shown in the figure below, and similar to Sjostrom, Eckberg also

describes testing the mercury removal effects of halogen injection directly into a coal-

fired boiler.'?!

N

. Chemical Injection
Limestone Station Unit 1
Scrubber
Modules
Stack
Hg Measurements
Chemical Injection
Boiler
URS ErPre
4. Claim 6: Element 6(b)
1200 Ex. 1010 (Sjostrom) at 22.
1201 Ex. 1011 (Eckberg) at 5.
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a. Element (6b)—“modifying, in response to the
measured mercury content: an injection rate of
injecting the sorbent into the mercury-containing gas,
an amount of the additive in the mixture, or a
combination thereof.”

826. This limitation is disclosed by Sjostrom. Sjostrom includes numerous
charts of measured mercury removals for various injection rates of activated-carbon
sorbents. For example, the below chart shows the effects of activated carbon

injection rates for testing using the system of Sjostrom. 2

100 i 4+— Treated Carbons

E 70
oL 1
o §
E 60 # DARCO FGD Holeomb
£ 50 o 208CP Holeomb
ﬁ 40 | & FGD-E3 Holcomb
= & Long Term FGD-E3 Holcomb
T 30 < DARCO FGD Stanton U110

ag Untreated Carbons o 20BCP Stanton U10

+ FGD E3 Stanton U1
10 - # BPAC Stanton 10
0 T

0 2 4 6
'3 Injectlon Concentration (Ib/MMacf at ~ 200°F)
Similarly, the below chart shows the effects of activated carbon injection rates for

testing using the system of Sjostrom.!2%

1202 Ex. 1010 (Sjostrom) at 16.
1203 Ex. 1010 (Sjostrom) at 20.
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Hg Resnoval Efficiency (%)
oco388883888
‘;.Jb
:

o
‘I
.-

Results From Meramec
Limited Performance Observed

-

e *s Meramec - PRE ‘
L S — = Pleasant Prairie = PRB
2L | - Coal Creek - Lignite.
.= Stanton - Lignite |
. » Leland Olds - Lignite

6 10 15
Sorbent Injection Rate (Ib/MMacf)

827. The fact that there is a graph that has datapoints for different sorbent
injection rates (the independent variable) and associated Hg removal percentages (the
dependent variable) means that a POSITA would have understood that there is a
relationship between the Hg removal % and the sorbent injection rate. Given that,
and a target Hg removal rate, a POSITA would have understood that the sorbent
injection rate would be adjusted to result in a target removal %.

828. As discussed previously, a POSITA would have known that activated
carbon was expensive, especially relative to costs of components such as “Br” in the
form of HBr or an aqueous bromide salt solution. Thus, a POSITA would have been
motivated to maintain the sorbent injection rate at the minimum level necessary to
reach the desired level of mercury emissions. A POSITA viewing the charts of
Sjostrom showing mercury removal versus sorbent injection rate would have been
motivated to use the charts to control the sorbent injection rate at a level that
minimized costs while reaching mercury removal targets. Thus, Sjostrom discloses

modifying, in response to the measured mercury content, an injection rate of the
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sorbent into the mercury-containing gas, the amount of additive in the mixture [I
believe it is Nelson that shows the same plot for different amounts of Br on the PAC
sorbent, if you want a clear demonstration], or a combination thereof.

829. The below figure from Sjostrom shows that the testing focused on a

“Proposed Limit.!204

15
g Proposed Limit
w2 ———
ES : *
! = — P
- \‘* Coutlet
nl = T e A - _—_ .
160 4
140 rr Tir WyYt+35 _
g 'zuf 'L L Ln (1] 'T |—"ll‘ LR It|__1”' 3 2
§ 100 [ { ||| | J ti5 @
3 oL SRR N %-fb%
3 ; S0, | B
20 15

- i = .
101404 T21me 1DI2E02 11:04/04 ARERR B 1115802

Thus, Sjostrom teaches maintaining the mercury content of the cleaned gas
“at or below a desired level” (e.g., the ‘Proposed Limit.””). A POSITA would
have been motivated to control the activated carbon injection rate to reach this
desired level while minimizing the amount of activated carbon injected. A
POSITA would have understood that injecting too much activated carbon
would have increased the costs of the mercury removal process and injecting
too little activated carbon may lead to mercury emissions rising above

actionable levels.

1204 Ex. 1010 (Sjostrom) at 22.
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830. Eckberg also suggest further testing to balance the amount of additive
injection to limit effects such as boiler corrosion and air heater plugging.'?%°

5. Claim 8: “The method of claim 1, wherein the sorbent
material is chosen from powdered activated carbon,
granular activated carbon, carbon black, carbon fiber,
aerogel carbon, pyrolysis char, and combinations thereof.”

831. This limitation is disclosed by Sjostrom. Sjostrom described that its
activated carbon includes PAC ("powdered activated carbon") sorbents, including
Darco FGD, a known powdered activated carbon sorbent.!20

6. Claim 9: “The method of claim 1, further comprising
adding an alkaline component to the mercury-containing
gas, the alkaline component chosen from alkali elements,
alkaline earth elements, alkali salts, alkaline earth salts, and
combinations thereof.”

832. This limitation is disclosed by Sjostrom. Sjostrom described testing
mercury removal from flue gas of coal-fired power plants involving sorbent injection,
halogen injection, and both sorbent and halogen injection.!?®” Specifically, the
annotated figure below shows that Sjostrom teaches injection of bromine in at least

three locations throughout the coal power process. 2%

1205 Ex. 1011 (Eckberg) at 16.
1206 Ex. 1010 (Sjostrom) at 15-16, 20-21.
1207 Ex. 1010 (Sjostrom) at 4
1208 Ex. 1010 (Sjostrom) at 4 (annotations in red).

Expert Report of Dr. Stephen Niksa Page 543

Exhibit 2011
Page 552



......

Western Coals

| el Er F,l

IJ/J\. w2

- A.ih and

cl, Br, F, |

(AbA-ES

833. Addition Location 1 of Sjostrom renders obvious injecting bromine or
other halogens upstream of the combustion chamber, such as by adding it to the coal
entering the boiler.'?” Addition Location 2 of Sjostrom teaches injecting bromine or
other halogens into the boiler.'*! Addition Location 3 of Sjostrom teaches adding
bromine or other halogens to the mercury sorbent that is injected into the flue gas.'?!!
Thus, Sjostrom teaches injecting bromine or other halogens in one or more of the
three above injection locations. Specifically, Sjostrom teaches that bromine may be
injected at either Addition Location 1 or Addition Location 2 while another halogen
(e.g., Cl or I) may be injected at Addition Location 3 with the sorbent material.'?!? A

POSITA would understand the obvious forms of halogen to be used for the injection

at those locations are the commonly used (readily available and safe) halogen salts

1209 Ex. 1010 (Sjostrom) at 4 (annotations in red).

1210 Ex. 1010 (Sjostrom) at 4 (annotations in red).

121 Ex. 1010 (Sjostrom) at 4 (annotations in red).

1212 Ex. 1010 (Sjostrom) at 4.
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with alkali metals and alkaline earth metals, such as NaCl, KCI, CaCl,, MgBr», CaBr»,
and MgBr».

834. To the extent Sjostrom does not disclose this limitation, it is obvious
over Sjostrom in view of Eckberg. For example, to the extent Sjostrom does not
disclose a specific chemical compound or concentration to use as the injected
“alkaline” secondary material, Eckberg provides these details. Specifically, Eckberg
teaches injection of “CaCl, (25 wt%), which is an alkaline earth salt.'*!> A POSITA
would have been motivated to apply the teachings of Eckberg regarding chlorine
injection to the system of Sjostrom regarding halogen injection, for the same reasons
described in the “Reasons to Combine” section, regarding applying Eckberg’s
teachings regarding bromine composition injection.

7. Claim 18: “The method of claim 1, further comprising
modifying, in response to a measured mercury content, an
injection rate of injecting the sorbent into the mercury-

containing gas, an amount of the additive in the mixture, or
a combination thereof.”

835. The language of claim element 18 is substantially identical to the
language of claim 6. Accordingly, the explanation I provide above for claim elements
6(a) and 6(b) applies equally to claim element 18.

8. Claim 20: “The method of claim 1, wherein the coal is
combusted in a combustion chamber at a coal-combustion

facility, wherein the HBr, bromide compound, or
combination thereof, is added to the coal before the coal

1213 Ex. 1011 (Eckberg) at 9.
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enters the combustion chamber, wherein the addition of the
HBr. bromide compound. or combination thereof, to the
coal is performed at the coal-combustion facility”

836. This limitation is disclosed by Sjostrom and would otherwise be obvious
based on the background knowledge of a POSITA. Specifically, the annotated figure
below shows that Sjostrom renders obvious injecting bromine or other halogens
upstream of the combustion chamber, such as by adding it to the coal entering the
boiler, at Addition Location 1, by injecting halogens directly into the manifold that

carries coal and primary air into the burners.'?!

' !.mancing I\;‘Iarcury Removal for —el

Western Coals

J/‘”"F' p— Er Fl
:l lmuv::mn
2
<
L_Eil
l EEF ar FF
A.ihan-d
Sorbent
cl, Br,F, |

o
A POSITA would understand based on his or her background knowledge in
the art that the addition could be performed at the coal-combustion facility in

order to limit transport costs.

9. Claim 25: “The method of claim 1, wherein the coal
comprises subbituminous coal.”

1214 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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837. This limitation is disclosed by Sjostrom. Sjostrom described using coal
that included subbituminous coal.!?!>

10. Claim 27: “The method of claim 1, wherein the mixture is
combusted in a combustion chamber of a coal-combustion
facility upstream of a scrubber, a particulate control
system, or a combination thereof, wherein the particulate
sorbent is added to the mercury-containing gas before the
mercury-containing gas encounters the scrubber, the
particulate control system, or the combination thereof.”

838. This limitation is disclosed by Sjostrom. The system described by
Sjostrom, which represents a coal combustion facility, includes “Sorbent Injection”
upstream of the “ESP or FF”, which signifies to a POSITA an electrostatic
precipitator or fabric filter.'?!® Electrostatic precipitators and fabric filters are
examples of particulate control systems.

Enhancing Mercury Removal for
Western Coals

¢l, Br, F, |

Snrhunl cl, Er F 1

I ek

- A.:h and

C1, Br, F, | —
1215 Ex. 1010 (Sjostrom) at 3.
1216 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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C. INDEPENDENT CLAIM 14

1. Claim 14: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:

839. The language of the preamble of claim 14 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 14.

2. Claim 14: Element (14a)—*“combusting coal in a
combustor comprising pyrolysis char and an additive

comprising HBr, a bromide compound, or a combination
thereof, to form the mercury-containing gas”

840. The language of claim element 14(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 14(a).

841. To the extent that Element 14(a) additionally requires the combusting
step be in a combustor, Sjostrom discloses this element. Sjostrom discloses
combusting coal in a combustion chamber (e.g., boiler) to form a mercury containing
flue gas stream. Addition Location 2 shows addition of a halogen additive into the

combustor. %!’

1217 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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3. Claim 14: Element (14b)—*“and adding a particulate
sorbent material comprising activated carbon into the
mercury-containing gas”

842. The language of claim element 14(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for
claim element 1(b) applies equally to claim element 14(b).

D. CLAIMS DEPENDING FROM CLAIM 14

1. Claim 15: The method of claim 14, wherein the pyrolysis
char is a promoted pyrolysis char

The language of claim 15 is substantially identical to the language of claim 2.
Accordingly, the explanation I provide above for claim 2 applies equally to
claim 15.

E. INDEPENDENT CLAIM 17

1. Claim 17: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:”
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843. The language of the preamble of claim 17 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 17.

2. Claim 17: Element (17a)—“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising

HBr. a bromide compound, or a combination thereof, to
form the mercury-containing gas; and ”

844. The language of claim element 17(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 17(a).

3. Claim 17: Element (17b)—*“adding a sorbent material
comprising activated carbon into the mercury-containing

2

gas

845. The language of claim element 17(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for

claim element 1(b) applies equally to claim element 17(b).

XXVI. GROUND H: ANTICIPATION OF THE 225 PATENT OVER
DOWNS-BOILER

846. It is my opinion that Downs-Boiler anticipates, or in combination with
the background knowledge of a POSITA renders obvious, each of asserted claim of
the ’225 Patent.

A. INDEPENDENT CLAIM 1

1. Claim 1: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:
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847. Downs-Boiler discloses the preamble. The title of Downs-Boiler is
“Bromine Addition for the Improved Removal of Mercury from Flue Gas.'?!'® Flue
gas is an example of a mercury-containing gas, and “removal of mercury” refers to
separating the mercury from a mercury-containing gas. Downs-Boiler repeatedly
characterizes the disclosed process as for removing (i.e., separating) mercury from
flue gas (i.e., a mercury-containing gas):

[T]he use of bromine-containing compounds, added to the coal,
or to the boiler combustion furnace, are significantly more
effective than chlorine-containing compounds in enhancing the

oxidation of mercury, thereby enhancing the overall removal of
mercury in downstream pollution control devices.!?!"”

Claim 1 of Downs-Boiler also recites a similar preamble: “1. A method of removing
a portion of the elemental mercury in a flue gas”!*?° The removal of mercury from

the flue gas as described by Downs-Boiler is by separating the mercury along with

a sorbent:!?2!

The sorbent, and its burden of adsorbed mercury, are
subsequently removed from the flue gases in a downstream
particulate collector. Adsorption is a technique that has often

1218 Ex. 1006 (Downs-Boiler) at Title; Ex. 1007 (Downs-Boiler-
Provisional) at Title

1219 pg completed formatting/need to do QCEx. 1006 (Downs-Boiler)
[0007]; Ex. 1007 (Downs-Boiler-Provisional) 4 [0013].

1220 Ex. 1006 (Downs-Boiler) at Claim 1; see also Ex. 1007 (Downs-
Boiler-Provisional) at Claim 1 (“1. A method of reducing the mercury
concentration of a flue gas comprising.”).

1221 Ex. 1006 (Downs-Boiler) § [0004] (emphasis added); Ex. 1007
(Downs-Boiler-Provisional) IT [005].
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been successfully applied for the separation and removal of trace
quantities of undesirable components.

Downs-Boiler characterizes its disclosed “invention” as ‘“a cost-effective

method of removing elemental mercury from coal combustion flue gases.”!???

2. Claim 1: Element (1)(a)—*“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising
HBr. a bromide compound, or a combination thereof, to
form the mercury-containing, gas; and”

848. Downs-Boiler discloses this claim element. Downs-Boiler discloses
HBr or a bromide compound, or a combination thereof, as its bromine-containing
reagent that is added to the coal upstream of the combustion chamber. Downs-Boiler
explains that its bromine-containing reagent may comprise, “but is not limited to,
alkali metal and alkaline earth metal bromides, hydrogen bromide (HBr) or bromine
(Br3).”1?? Downs-Boiler also specifically discloses calcium bromide (CaBr;) as
another bromide compound suitable for use as the bromine-containing reagent.'?*

849. The bromine-containing reagent is applied to the coal upstream of the
combustion chamber and thus the coal and reagent would be part of the mixture being

combusted. Downs-Boiler teaches that a “bromine containing reagent 10 is added to

1222 Ex. 1006 (Downs-Boiler) §[0018]; Ex. 1007 (Downs-Boiler-
Provisional) § [021].

1223 Ex. 1006 (Downs-Boiler) 41] [0021] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) ‘11 [0024].

1224 Ex. 1006 (Downs-Boiler) 11 [0018-19] (emphasis added); see also
Ex. 1007 (Downs-Boiler-Provisional) 1] [0021-22].
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the boiler 12 combustion furnace 14, either directly or by premixing with the
incoming coal 16.”1?% According to the preferred embodiment of Downs-Boiler, “an
aqueous solution of calcium bromide is sprayed onto the crushed coal 16 before the
coal 16 is pulverized for combustion. The aqueous solution is easily handled and
metered onto the coal 16” such that the “coal pulverizers 28 intimately mix the
bromide reagent 10 with the coal 16, and the pulverized coal conveying system 30 to
the several coal burners (not shown) ensures an even distribution of the reagent 10
across the boiler furnace 14.”'22° Thus, upstream of the combustion chamber, such as
in the coal pulverizers and the pulverized coal conveying system, at least one or a
combination of HBr and a bromide compound (e.g., calcium bromide (CaBr2)) has
been added on the coal.

850. Downs-Boiler also discloses “the combustion chamber comprises added
Br,, HBr, a bromide compound, or a combination thereof.” As described above—
where the bromine-containing reagent is disclosed as added to the coal and/or the
coal conveying system—this further discloses that the mixture being combusted
comprises coal and the added bromine-containing reagent (e.g., Br2, HBr, a bromide

compound, or a combination thereof). As explained by Downs-Boiler, as a result of

1225 Ex. 1006 (Downs-Boiler) 11 [0015]; see also Ex. 1007 (Downs-
Boiler-Provisional) 11 [0018].

1226 Ex. 1006 (Downs-Boiler) § [0019], Figure 2; see also Ex. 1007
(Downs-Boiler-Provisional) 111 [0022], Figure 2.
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adding the bromine-containing reagent to the coal and/or the coal conveying system,
the “/bJromine species released during the combustion process enhance the
oxidation of mercury as the combustion gases pass through the furnace 14.”'*?” That
the bromine-containing reagent is “sprayed on the crushed coal 16 before the coal is
pulverized for combustion” additionally “ensures even distribution of the [bromine-
containing] reagent 10 across the boiler furnace” (i.e., in the combustion
chamber).!?®

851. Downs-Boiler also discloses introduction of HBr, and/or a bromide
compound (i.e., the bromine-containing reagent) directly into the combustion
chamber. Downs-Boiler teaches that a “bromine containing reagent 10 is added to
the boiler 12 combustion furnace 14, either directly or by premixing with the
incoming coal 16”'?%, Downs-Boiler describes that the inventors successfully tested
direct introduction of the bromine-containing reagent—specifically, a bromide

compound of calcium bromide (CaBr2)—“injected into the combustion chamber 14

through a coal burner.”'?*° Downs-Boiler further recognizes that “the bromine-

1227 Ex. 1006 (Downs-Boiler) 11 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) q [0018].

1228 Ex. 1006 (Downs-Boiler) § [0019] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) IT [0022].

1229 Ex. 1006 (Downs-Boiler) § [0015]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0018].

1230 Ex. 1006 (Downs-Boiler) 11 [0019]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0021].
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containing reagent 10 may be fed to the boiler combustion zone 14 in gaseous, liquid,
or solid form.”'?3! Thus, the mixture that is being combusted comprises at least one
or a combination of HBr and a bromide compound (e.g., calcium bromide (CaBr»)).

852. Third, Downs-Boiler discloses adding a bromine-containing reagent to
both the coal and the combustion chamber. As described above, Downs-Boiler
describes applying the bromine-containing reagent to the coal upstream of the
combustion chamber in such a way that added HBr and/or a bromide compound (e.g.,
calcium bromide (CaBr»)) is both on the coal and in the combustion chamber.

853. Furthermore, as illustrated in Figure 2, reproduced below as annotated,
Downs-Boiler illustrates that the bromine-containing reagent may be introduced “to

929 ¢¢

addition points A, B, C” including “coal preparation,” “the pulverized coal conveying

system 30,” and “the boiler furnace 14.”1232

1231 Ex. 1006 (Downs-Boiler) § [0022]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0025].

1232 Ex. 1006 (Downs-Boiler) 9 [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.

Expert Report of Dr. Stephen Niksa Page 555

Exhibit 2011
Page 564



[ Bromine-Containing 10 Bailer ‘/
Reagent
14
Y| 18
3 H_ ' /32
[ Reagant to Addition L “"{\M I
Points A, B, C b8 5"“% vl | |
Coal = a5 0
16 Prep:ritinn ” =
FIG. 2

854. Downs-Boiler in no way restricts simultaneous introduction to each of
points A, B, and C. Rather, as described above, Downs-Boiler invites, if not
encourages, simultaneous introduction to each of points A, B, and C or some
combination of A/B and C to “intimately mix the bromide reagent 10 with the coal”
so as to achieve a more “even distribution of the reagent 10 across the boiler furnace
1471233

855. Tunderstand that under the Plaintiffs’ theory of infringement in this case,
and consistent with the Court’s claim construction ruling, combusting a mixture of

comprising coal, pyrolysis char, and an additive comprising HBr, a bromide

1233 Ex. 1006 (Downs-Boiler) § [0019]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0022].
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compound, or a combination thereof does not require the separate addition of
pyrolysis char to system. I understand that under this theory this claim element of
pyrolysis char as it appears in Claim 1 is met if the combustion of coal produces some
pyrolysis char, even briefly. 1 agree with Defendants that some pyrolysis char will
be formed whenever coal is being combusted, including in the combustion systems
disclosed in Downs-Boiler. Accordingly, the combusting of coal with added bromine
reagent disclosed in Downs-Boiler is the combusting of coal, pyrolysis char, and an
additive comprising HBr, a bromide compound, or a combination thereof, to form the
mercury-containing gas.
3. Claim 1: Element (1)(c)—‘“adding a particulate sorbent

material comprising activated carbon into the mercury-
containing gas.”

856. Downs-Boiler discloses adding a particulate sorbent material
comprising activated carbon, referring to the example of “powdered activated carbon
(PAC).”1* Powdered activated carbon is activated carbon in particulate form.
Downs-Boiler explains that the use of a conventional PAC injection process is
improved by the addition of bromine, in that the bromine-containing reagent

“enhances the removal of mercury across a PAC injection process.”'?* Downs-Boiler

1234 Ex. 1006 (Downs-Boiler) § [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0028].

1235 Ex. 1006 (Downs-Boiler) § [0016] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0019].
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repeats in other places that the bromine-containing reagent saves costs by making
more efficient use of the activated-carbon sorbent material that is “inject[ed].”'?* As
explained by Downs-Boiler, the disclosed injected activated-carbon sorbent materials
(e.g., sorbent injection systems using PAC) are part of “downstream pollution control
systems such as . . . PAC injection systems.”'?*’ Here, “downstream” is relative to
the location of the combustion chamber, and thus after generation of the mercury-
containing gas. The activated-carbon sorbent material is injected into a mercury-
containing gas: “injection of a carbonaceous sorbent (e.g., powdered activated
carbon, or PAC) into the flue gas upstream of the dust collector to adsorb vapor-
21238

phase mercury.

B. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: The method of claim 1, wherein the pvrolysis char
is a promoted pyrolysis char

857. As described for Claim 1, the char present in the combustion mixture is

the char present from the combusting of coal. As described for Claim 1, the Downs-

1236 Ex. 1006 (Downs-Boiler) 9 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) I1 [0018].

1237 Ex. 1006 (Downs-Boiler) § [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional)q [005].

1238 Ex. 1006 (Downs-Boiler) 99 [0004], [0015], [0016], and [0025]; see
also Ex. 1007 (Downs-Boiler-Provisional) in [005], [0018], [0019], and [0028].
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Boiler system includes the addition of the claimed bromine species into the
combustion zone. According to Defendants’ own theories of infringement, the
formation of char during the combustion of coal in the presence of bromine will lead
to the formation of some promoted pyrolysis char.

2. Claim 5: “The method of claim 1, comprising removing

greater than 70 wt % of the mercury in the mercury-
containing gas.”

858. This limitation is disclosed by Downs-Boiler. According to Figure 3,
reproduced below as annotated, Downs-Boiler indicates that the disclosed method for
removing mercury from the flue gas resulted in mercury emissions at the outlet of the
fabric filter of approximately 2 pg/dscm (blue) as compared to an initial value (i.e.,
the mercury inventory of the system) at the inlet of the fabric filter of approximately

9 pg/dscm (red).!?*

1239 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.
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FIG. 3

Therefore, the use of the method disclosed by Downs-Boiler in conjunction with a
fabric filter resulted in a system mercury removal of approximately 7 pug/dscm
(green). This removal of the mercury in the mercury containing gas (7 u g/dscm) as
compared to the mercury inventory of the system (9 pg/dscm) may also be expressed
as a percentage: at least 77 wt% of the mercury in the mercury-containing gas was
removed—or in other words: removing greater than 70 wt% of the mercury in the
mercury-containing gas.

859. Furthermore, as described in my background section,'?*® a POSITA
would have known that by 2004, the EPA had already put the industry on notice of

upcoming laws and regulations requiring 70% mercury removal, including the EPA’s

1240 State of the Art, XII.D — XILF.
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Clean Air Mercury Rule (CAMR). Downs-Boiler further teaches compliance with
EPA standards regulating mercury emissions from coal-fired plants.'?*! Notice of
these regulations exerted a strong outside impetus on the industry to adjust processes
to comply with the regulations’ eventual implementation. Through routine process
optimization and routine experimentation, a POSITA would have adjusted the rate of
addition of bromine-containing species and/or activated carbon injection rate to meet
and exceed (for purposes of safety margin) the EPA’s proposed rules requiring a 70%
removal of mercury.

3. Claim 6: Element (6)(a)—“The method of claim 5, further
comprising: measuring the mercury content of the
mercury-containing gas; and ”

860. This limitation is disclosed by Downs-Boiler. The mercury content is
monitored, as depicted by the Y-axis of Figure 3 (i.e., the “Hg concentration” in
pg/dscm).!?*? The units “pg/dscm” refer to micrograms of mercury per standard cubic

meter of flue gas on a dry basis.

1241 Ex. 1006 (Downs-Boiler) § [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [002].

1242 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.
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In particular, Figure 3 shows that the mercury content of the cleaned gas (the data

set provided by diamond markers for the outlet of the particulate collector) is

monitored for a period of over two hours.'?#

4, Claim 6: Element 6(b)

a. Element (6b)—*“modifying, in response to the
measured mercury content: an injection rate of
injecting the sorbent into the mercury-containing gas,
an amount of the additive in the mixture, or a

combination thereof.”

861. This limitation is obvious over Downs-Boiler. As illustrated by Figure
3 of Downs-Boiler, excerpted below, in response to continuously monitoring the

mercury content of the cleaned gas, the amount of additive (in this case the bromide

1243 Ex. 1006 (Downs-Boiler) Figure 3; see also Ex. 1007 (Downs-Boiler-
Provisional) Figure 3.
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compound CaBr;) added into the mixture for combustion was continuously adjusted

between a range of 375 to 1000 parts per million of a bromine-containing reagent

Total Vapor-Phase Mercury

CaBr, Addition Rate (basis: equivalent Br increase In coal)

750 ppm 1000 ppm 375 ppm

.l l ke I
LAy

L]

(CaBr»).!*** By adjusting the amount of bromine-containing reagent applied, it would
have been understood by a POSITA that this would modify the amount of additive in
the mixture. A POSITA reviewing the monitored data as presented by Figure 3 of
Downs-Boiler would have understood that the monitored mercury content at the
outlet of the particulate collector could be used to modify the addition rate of the
bromine-containing reagent thereby controlling the amount of the additive in the
mixture.

862. It would have also been obvious to control the sorbent injection rate. As
described above, Downs-Boiler discloses that the injection of sorbents was effective
for the removal of mercury but as the rate of injecting the sorbent into the mercury-

containing gas increases, the “economics of high injection rates can be prohibitive”

1244 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.
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due to the costs of the consumable sorbent material.'**> The normal desire of a
POSITA to improve on a given process would have been to adjust the result-effective
variable of the injection rate of the sorbent so as not to wastefully inject excessive
sorbent once sufficient mercury removal was demonstrated, in order to minimize
costs associated with operating the sorbent injection system. Furthermore, due to the
variability of the composition of coal as a fuel source (including for example, native

t,1246 it would have

mercury and halogen content), as described in the State of the Ar
been obvious that some amount of adjustment to the rate of injection of the sorbent
into the flue gas would be performed as part of routine process control and
optimization to account for variances in the coal.
5. Claim 8: “The method of claim 1, wherein the sorbent
material is chosen from powdered activated carbon,

granular activated carbon, carbon black, carbon fiber,
aerogel carbon, pyrolysis char, and combinations thereof.”

863. This limitation is disclosed by Downs-Boiler. Downs-Boiler discloses
the use of a “sorbent injection system” for the purpose of injecting a “carbonaceous

sorbent” including at least “powdered activated carbon (PAC), carbons and chars

1245 Ex. 1006 (Downs-Boiler) § [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional) § [005].
1246 State of the Art, § XII.B.1.
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produced from coal and other organic materials, and unburned carbon produced by
the combustion process itself.”!**

6. Claim 9: “The method of claim 1, further comprising
adding an alkaline component to the mercury-containing
gas, the alkaline component chosen from alkali elements,
alkaline earth elements, alkali salts, alkaline earth salts, and
combinations thereof.”

864. This limitation is disclosed by Downs-Boiler. As discussed for Claim 1
above, Downs-Boiler explains that its bromine-containing reagent may comprise,
“but is not limited to, alkali metal and alkaline earth metal bromides, hydrogen
bromide (HBr) or bromine (Br;).”?*® Furthermore, as illustrated in Figure 2,
reproduced below as annotated, Downs-Boiler illustrates that the bromine-containing
reagent may be introduced “to addition points A, B, C” including “coal preparation,”

“the pulverized coal conveying system 30,” and “the boiler furnace 14.”12%

1247 Ex. 1006 (Downs-Boiler) 4 [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) q [0028].

1248 Ex. 1006 (Downs-Boiler) 41] [0021] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) ‘11 [0024].

1249 Ex. 1006 (Downs-Boiler) 9 [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.
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865. Downs-Boiler in no way restricts introduction to only one type of
reagent or introduction to only one of points A, B, and C.'?*

7. Claim 18: “The method of claim 1, further comprising
modifying, in response to a measured mercury content, an
injection rate of injecting the sorbent into the mercury-
containing gas, an amount of the additive in the mixture, or
a combination thereof.”

866. The language of claim element 18 is substantially identical to the
language of claim 6. Accordingly, the explanation I provide above for claim elements
6(a) and 6(b) applies equally to claim element 18.

8. Claim 20: “The method of claim 1, wherein the coal is

combusted in a combustion chamber at a coal-combustion
facility, wherein the HBr, bromide compound, or

1250 Ex. 1006 (Downs-Boiler) § [0019]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0022].
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combination thereof, is added to the coal before the coal
enters the combustion chamber, wherein the addition of the
HBr, bromide compound, or combination thereof, to the
coal is performed at the coal-combustion facility”

867. This limitation is disclosed by Downs-Boiler and would otherwise be
obvious based on the background knowledge of a POSITA. Downs-Boiler illustrates
a conventional coal-fired facility with a boiler used for the purpose of combusting
coal, as represented by the arrow into combustion chamber 14. Representative Figure

4 is reproduced below:!?!

868. Downs-Boiler goes on to describe such a combustion of coal together
with an added bromine-containing reagent, which occurs within combustion chamber

14, as illustrated in Figures 4-6:12>

1251 Ex. 1006 (Downs-Boiler) 9 [0007], Figures 4; see also Ex. 1007
(Downs-Boiler-Provisional) 4 [009], Figures 4.

1252 Ex. 1006 (Downs-Boiler) 9 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0018].
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869. Downs-Boiler illustrates that the bromine-containing reagent may be

99 ¢¢

introduced “to addition points A, B, C” including “coal preparation,” “the pulverized

coal conveying system 30,” and “the boiler furnace 14.”12%3

12
[ Bromine-Containing 10 Boiler ‘/
Reagent
14
l\ 18
T 5
[ Reagant ba A-ddil:iarIL - i I /
Points AB.C  bg "'-““:\ﬁ v |
C
Coal == a 0
16 Prep:rEelltinn ” =
FIG. 2

9, Claim 25: “The method of claim 1, wherein the coal
comprises subbituminous coal.”

870. This limitation is disclosed by Downs-Boiler. Downs-Boiler describes
combusting common ranks of coal used by the electric utility industry and,
specifically, that “the coal-fired boiler fuel 16 may include bituminous,

subbituminous, and lignite coals and blends, thereof.”!?>*

1253 Ex. 1006 (Downs-Boiler) [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.

1254 Ex. 1006 (Downs-Boiler) 9§ [0020]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0023].
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10. Claim 27: “The method of claim 1, wherein the mixture is
combusted in a combustion chamber of a coal-combustion
facility upstream of a scrubber, a particulate control
system, or a combination thereof, wherein the particulate
sorbent is added to the mercury-containing gas before the
mercury-containing gas encounters the scrubber, the
particulate control system, or the combination thereof.”

871. Downs-Boiler discloses this limitation. As illustrated by Figures 4-6 of
Downs-Boiler, representative Figure 6 reproduced below as annotated, Downs-Boiler
describes a coal-fired electric utility plant that can have a number of downstream
pollution control devices including particulate collection systems (e.g., a fabric filter
(FF) system and/or an electrostatic precipitator (ESP) system) (purple) and a scrubber

(e.g., wet flue gas desulfurization (FGD) system) (yellow).!?*

FIG. &

The use of the bromine-containing reagent as disclosed by Downs-Boiler

“thereby enhance[es] the overall removal of mercury in downstream pollution

1253 Ex. 1006 (Downs-Boiler) Figure 6 (annotated; see also Ex. 1006
(Downs-Boiler) Figures 4-5; Ex. 1007 (Downs-Boiler-Provisional) Figures 4-6.
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control devices.”'?’5 Specifically, Downs-Boiler explains that a particular
advantage of the disclosed invention is that it “enhances removal of mercury
across particulate collectors 26 such as fabric filters (FF) and electrostatic
precipitators (ESP).”'%7 As further explained by Downs-Boiler, the upstream
injection of a sorbent means that the “sorbent, and its burden of adsorbed
mercury, are subsequently removed from the flue gases in a downstream
particulate collector.”'?>%

872. The concept of using a particulate collector or a scrubber in conjunction
with sorbent injection is further confirmed by the EPA, explaining that for “direct
sorbent injection, after sorbent is introduced into the flue gas, it adsorbs Hg and other
contaminants and is captured downstream in an existing or sorbent-specific
[(particulate matter)] control device.”'?*° Therefore, to the extent Downs-Boiler fails
to explicitly disclose injection of the sorbent material into the mercury-containing gas

occurring upstream of a particulate collector or a scrubber this would have been

obvious to a POSITA at the time.

1256 Ex. 1006 (Downs-Boiler) 11 [0007] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [009].

1257 Ex. 1006 (Downs-Boiler) 4 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) II [0018].

1258 Ex. 1006 (Downs-Boiler) 9 [0004] (emphasis added); see also EXx.
1007 (Downs-Boiler-Provisional) 4 [005].

1259 Ex. 1009 (EPA-Proposal) at 4676 (emphasis added).
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C. INDEPENDENT CLAIM 14

1. Claim 14: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:

873. The language of the preamble of claim 14 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 14.

2. Claim 14: Element (14a)—*“combusting coal in a
combustor comprising pyrolysis char and an additive

comprising HBr, a bromide compound, or a combination
thereof, to form the mercury-containing gas”

874. The language of claim element 14(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 14(a).

875. To the extent that Element 14(a) additionally requires the combusting
step be in a combustor, Downs-Boiler discloses this element. Downs-Boiler discloses
a combustion chamber (i.e. a “combustion furnace 14") that comprises a “boiler
12.°12%0 Furthermore, in Figures 2 and 4-6 Downs-Boiler illustrates a combustion
chamber 14 (red) comprising a boiler 12 (green), as indicated by representative

Figure 5 reproduced below as annotated:'?¢!

1260 Ex. 1006 (Downs-Boiler) 11 [0015]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0018].

1261 Ex. 1006 (Downs-Boiler) Figures 2, 4-6; see also Ex. 1007 (Downs-
Boiler-Provisional) Figures 2, 4-6.
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3. Claim 14: Element (14b)—*“and adding a particulate
sorbent material comprising activated carbon into the
mercury-containing gas”

876. The language of claim element 14(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for
claim element 1(b) applies equally to claim element 14(b).

D. CLAIMS DEPENDING FROM CLAIM 14

1. Claim 15: The method of claim 14, wherein the pyrolysis
char is a promoted pyrolysis char

The language of claim 15 is substantially identical to the language of claim 2.
Accordingly, the explanation I provide above for claim 2 applies equally to
claim 15.

E. INDEPENDENT CLAIM 17
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1. Claim 17: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:”

877. The language of the preamble of claim 17 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 17.

2. Claim 17: Element (17a)—“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising

HBr. a bromide compound, or a combination thereof, to
form the mercury-containing gas; and ”

878. The language of claim element 17(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 17(a).

3. Claim 17: Element (17b)—*‘“adding a sorbent material

comprising activated carbon into the mercury-containing
2

gas

The language of claim element 17(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above
for claim element 1(b) applies equally to claim element 17(b).

XXVII. GROUND I: OBVIOUSNESS OF THE °225 PATENT OVER
DOWNS-BOILER AND EPA-PROPOSAL

879. It is my opinion that Downs-Boiler in view of EPA-Proposal renders
obvious claims 5 and 6. Elements and claims not mentioned below are disclosed

and/or obvious for the reasons stated in the grounds above.
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A. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 5: “The method of claim 1, comprising removing
greater than 70 wt % of the mercury in the mercury-
containing gas.”

880. In addition to the reasons described in Ground G, claims 2 and 3 would
have been obvious over Downs-Boiler in view of the EPA-Proposal. As described
in Ground F, Downs-Boiler discloses removing at least 77 wt% of the mercury in
the mercury-containing gas.'?> Downs-Boiler also discloses removing mercury to
meet advancing EPA standards regulating mercury emissions from coal-fired
plants.!?> The EPA proposed rules stated that a “primary goal in this rulemaking is
to reduce power plant emissions of Hg by 70 percent from today’s levels by 2018
with more near-term caps built in.!?¢4

881. A POSITA would have been motivated to target at least this desired
level in order to comply with these upcoming federal mercury emissions standards
and, as such, would have selected a rate of removing mercury from the mercury
containing gas of at least that mandated by the EPA—removing greater than 70% of

the mercury from the flue gas. The EPA’s announcement of its forthcoming strict

regulations that mercury emissions of coal-fired utility boilers must be abated by 70%

1262 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.

1263 Ex. 1006 (Downs-Boiler)  [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [002].

1264 Ex. 1009 (EPA-Proposal) at 4698.

Expert Report of Dr. Stephen Niksa Page 574

Exhibit 2011
Page 583



exerted a strong outside impetus on the industry. As a result, there was a great need
to meet or exceed those compliance limits being driven by the governmental
regulations that rendered obvious the limitation of removing greater than 70 wt % of
the mercury in the mercury-containing gas. Accordingly, a POSITA would have been
motivated to target at least this 70% emissions reduction as a “desired level” of
mercury removal from the mercury-containing gas.

2. Claim 6: “The method of claim 5, further comprising:
measuring the mercury content of the mercury-containing
gas; and modifying, in response to the measured mercury
content: an injection rate of injecting the sorbent into the

mercury-containing gas, an amount of the additive in the
mixture, or a combination thereof.””

882. As described above in the discussion of Downs-Boiler, Downs-Boiler
monitors mercury content and controls injection rate of bromine and/or a bromide
compound. The EPA-Proposal discusses an additional control variable that can be
used to adjust mercury content in the mercury-containing gas. Regarding claim
element I(f)(1), it would have been obvious for a POSITA to also continuously adjust
the injection rate of the sorbent into the mercury-containing gas in order to achieve
the desired mercury emissions targets (discussed in the subsection above). As
discussed by the EPA, when using sorbents such as activated carbon, the “extent of
potential Hg removal is dependent on: (1) Efficient distribution of the sorbent (e.g.,
activated carbon) in the flue gas; (2) the amount of sorbent needed to achieve a

specific level of Hg removal which will vary depending on the fuel being
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burned.”!?®> Accordingly, in operating a dry-emission control system, such as the
electrostatic precipitator and/or fabric filter as in Downs-Boiler, a POSITA would
have been motivated to continuously adjust an injection rate of the sorbent into the
mercury-containing gas, in response to the continuous monitoring of the mercury
level, to provide the desired amount of sorbent needed to remove mercury.

XXVIII. GROUND J: OBVIOUSNESS OF THE °225 PATENT OVER
DOWNS-BOILER AND NELSON

883. It is my opinion that Downs-Boiler in view of Nelson renders obvious
each of claims 5 and 27. Elements and claims not mentioned below are disclosed
and/or obvious for the reasons stated in the grounds above.

A. CLAIM DEPENDING FROM CLAIM 1

1. Claim 5: “The method of claim 1, comprising removing
greater than 70 wt % of the mercury in the mercury-
containing gas.”

884. In addition to the reasons described above from the disclosures in
Downs-Boiler, Claim 5 would have been obvious over Downs-Boiler in view of
Nelson. For example, as explained above with respect to claim 5, Downs-Boiler
illustrates removing at least 77% of the mercury from the mercury-containing gas in
Figure 3. Through routine process optimization, a POSITA would have been able to
adjust the bromine:sorbent ratio such that at least 70% of the mercury is in the

mercury-containing gas is removed on the sorbent. Downs-Boiler recognizes that

1265 Ex. 1009 (EPA-Proposal) at 4676 (emphasis added).
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there are a number of factors, such as “combustion air preheater temperature profiles,
flue gas composition, fly ash characteristics and composition, and the presence of
unburned carbon have all been shown to affect the conversion of elemental mercury
to oxidized mercury species.”'?%¢ A POSITA would have looked to Nelson to answer
a number of these factors; for example, Nelson also conducted a study to determine
the mercury removed by the sorbent itself, as opposed to other components such as
unburnt carbon or a scrubber. Figure 15 of Nelson plots the “Hg vapor removal (%)

due to sorbent,” and the X-axis plots the sorbent injection rate.

Figure 15.
Lausche Plant Duct-Injection ESP Trials

9t — - = = -
00| — FGDPACwithBr, ———

Hg vapor removal (%)
due to sorbent

0 2 4 3 8 10
Sorbent Injection Rate (Ib/MMacf)

885. At a sorbent injection rate of approximately 4 Ib/MMacf, Nelson

achieves above 70% removal by the sorbent itself.'?®’” And based on the trending

1266 Ex. 1006 (Downs-Boiler) 11 [0005]; see also Ex. 1007 (Downs-Boiler-

Provisional) 11 [006].
1267 Ex. 1012 (Nelson) at 15:35-38.
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curve, a POSITA would have recognized that at a sorbent injection rate of 5
Ib/MMacf, the sorbent itself would have removed even more than 70% mercury.
Accordingly, a POSITA would have been motivated to, and capable of, using the
processes disclosed in Nelson and Downs-Boiler to remove 70% or more mercury
from the mercury-containing flue gas, including on the sorbent.

2. Claim 27: “The method of claim 1, wherein the mixture is
combusted in a combustion chamber of a coal-combustion
facility upstream of a scrubber, a particulate control
system, or a combination thereof, wherein the particulate
sorbent is added to the mercury-containing gas before the
mercury-containing gas encounters the scrubber, the
particulate control system, or the combination thereof.”

886. In addition to the reasons described above from the disclosures in
Downs-Boiler, Claim 27 would have been obvious over Downs-Boiler in view of
Nelson. Downs-Boiler describes “particulate collectors” including electrostatic
precipitators (ESP) and fabric filters (FF) that “provide high-efficiency removal of

1268 Particularly, Downs-Boiler states that “[f]abric

particulate-bound mercury.
filters tend to exhibit better particulate laden mercury removal.”'*® Downs-Boiler

discloses that the activated-carbon sorbent is injected into the mercury-containing

flue gas such that it is subsequently “removed from the flue gases in a downstream

1268 Ex. 1006 (Downs-Boiler) 11 [0003]; see also Ex. 1007 (Downs-
Boiler-Provisional) § [004].

1269 Ex. 1006 (Downs-Boiler) 9§ [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) i1l [004].
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particulate collector.”’?’’ Similarly, Nelson also discloses an embodiment in which
“sorbent flows with flue gas to a fabric filter 31 and is deposited on the filter bags in
a filter cake along with the fly ash and other gas-stream particulates,” which also
causes “intimate contact between the sorbents and the remaining mercury in the flue
gas.”!'?’! The “mercury sorbents in the filter cake” are removed, and “[c]leansed of
its mercury content and particulates, the flue gas exits the fabric filter.”!?’?
Accordingly, Nelson clarifies the disclosure of Downs-Boiler, explaining that the
activated-carbon sorbent would have been injected upstream of a particulate collector
(such as a fabric filter).

887. Downs-Boiler also describes an embodiment in which an electrostatic
precipitator (ESP) is used as a particulate collector.'?”> However, Downs-Boiler does
not expressly state the injection location of activated-carbon sorbent for such an
embodiment. A POSITA would have used the disclosure of Nelson to clarify the
disclosure of Downs-Boiler, particularly, where to inject the activated-carbon sorbent

for coal-fired utility plant configured with an ESP. Nelson describes injecting

“sorbents to a plant which has a ‘hot-side’ ESP, a particularly difficult situation for

1270 Ex. 1006 (Downs-Boiler) 4 [0004] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 411 [005].

1271 Ex. 1012 (Nelson) at 9:36-42

1272 Ex. 1012 (Nelson) at 9:43-50

1273 Ex. 1006 (Downs-Boiler) 4 [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) III [004].
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mercury control.!?’* In this equipment arrangement, the air preheater 22 follows the

ESP 32.127°

7

/

Figure 4.

72

‘ 32
*T \ 1 J
5y 64 k%CV 65 ] 83

81 22

11
888. Nelson discloses that in such a configuration, as shown in Figure 4, the
activated carbon is injected “from bin 71,” which is upstream from a particulate
collector (item 32).!27¢ Accordingly, Nelson clarifies the disclosure of Downs-Boiler
in that for a plant with a hot-side ESP followed by a pre-heater, the injection of
activated carbon would have been upstream of both.

XXIX. GROUND K: OBVIOUSNESS OF THE °225 PATENT OVER
SJOSTROM AND OLSON-646

889. It is my opinion that Sjostrom in view of Olson-646 render obvious each
of the asserted claims of the *225 Patent.

A. INDEPENDENT CLAIM 1

1. Claim 1: Preamble—“A method for treating a mercury-
containing gas, the method comprising: ”

1274 Ex. 1012 (Nelson) at 10:9-11.
1275 Ex. 1012 (Nelson) at Figure 4, 10:9-13
1276 Ex. 1012 (Nelson) at 10:20-22.
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890. As discussed regarding the preamble of claim 1, in Ground G above, the
preamble is disclosed by Sjostrom. My analysis with regards to the disclosure of
Sjostrom regarding this element for Ground G applies equally here.

2. Claim 1: Element (1)(a)—*“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising

HBr. a bromide compound, or a combination thereof, to
form the mercury-containing gas; and”

891. As discussed in Ground G above, this limitation i1s disclosed and/or
rendered obvious by Sjostrom. My analysis with regards to the disclosure of
Sjostrom regarding this element for Ground G applies equally here.

892. In addition, this limitation is also obvious over Sjostrom in view of
Olson-646. To the extent that Sjostrom does not explicitly identify the specific
bromine-containing species used, Olson-646 teaches this limitation. Olson-646
“provides a cost-effective way to capture pollutants by utilizing exceptionally
reactive halogen/halide promoted carbon sorbents using a bromide (or other
halogen/halide) treatment of the carbon, that capture mercury via mercury-sorbent
surface reactions, at very short contact times of seconds or less.”'?”” Olson-646
teaches embodiments “wherein the halogen/halide promoter is in gaseous or vapor

591278

form” that comprises “gaseous HBr or Br. As described above in the Reasons

to Combine section, a POSITA would have been motivated, and expected a

1277 Ex. 1014 (Olson-646) at § [0043].
1278 By 1014 (Olson-646) at § [0066].
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reasonable chance of success, to apply the teachings of Olson-646 (e.g., the injection
of HBr or Br) to the system of Sjostrom.

893. Tunderstand that under the Plaintiffs’ theory of infringement in this case,
and consistent with the Court’s claim construction ruling, combusting a mixture
comprising coal, pyrolysis char, and an additive comprising HBr, a bromide
compound, or a combination thereof does not require the addition of pyrolysis char
to system. I understand that under this theory this claim element of pyrolysis char as
it appears in Claim 1 is met if the combustion of coal produces some pyrolysis char,
even briefly. I agree with Defendants that some pyrolysis char will be formed
whenever coal is being combusted, including in the combustion systems disclosed in

Sjostrom and Olson-646.

3. Claim 1: Element (1)(c)—“adding a particulate sorbent
material comprising activated carbon into the mercury-
containing gas.”

894. This limitation is disclosed by Sjostrom. As shown in the annotated

figure below, Sjostrom described certain tests involving sorbent injection

downstream of the boiler.!?”

1279 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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As shown in the above figure, the “Sorbent Injection” occurs downstream from a
combustion chamber. Specifically, Sjostrom described testing performed with
activated carbon injection, including injection of “DARCO FGD.”!?%® A POSITA
would have understood that DARCO FGD was a well-known type of activated
carbon used for mercury capture.'?!

895. Similarly, Olson-646 explains that a “promoted carbon sorbent and/or

an optional alkali component is injected into contaminated flue gas stream.”'?%? The

“contaminated flue gas stream” refers to a stream of mercury-containing gas.

1280 Ex. 1010 (Sjostrom) at 10, 11, 16.
1281 See, e.g., State of the Art, Sections XII.C.3, XII.G.2.
1282 B 1014 (Olson-646) at 9 [0061].
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B. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: The method of claim 1, wherein the pvrolysis char
is a promoted pyrolysis char

896. As discussed for Claim 2 in Ground G above, this limitation is disclosed
by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground G applies equally here.

2. Claim S: “The method of claim 1, comprising removing

greater than 70 wt % of the mercury in the mercury-
containing gas.”

897. As discussed in Ground G above, this limitation i1s disclosed and/or
rendered obvious by Sjostrom. My analysis with regards to the disclosure of
Sjostrom regarding this element for Ground G applies equally here.

898. In addition, this claim is also obvious over Sjostrom in view of Olson-
646. For example, Olson-646 explains that “a method is provided for reducing
mercury in flue gas comprising providing a sorbent, injecting the sorbent into a
mercury-containing flue gas stream, collecting greater than 70 wt% of the mercury
in the flue gas on the sorbent to produce a cleaned flue gas, and substantially
recovering the sorbent from the cleaned flue gas.”'*®* Claim 30 of Olson-646 also
discloses “comprising removing greater than 70 wt % of the mercury in the mercury-

containing gas on the sorbent.”!?84

1283 Ex. 1014 (Olson-646) at 9 [0022] (emphasis added).
1284 Ex. 1014 (Olson-646) at Claim 30.
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3. Claim 6: Element (6)(a)—*“The method of claim 5, further
comprising: measuring the mercury content of the
mercury-containing gas: and ”

899. As discussed for Elements 6(a) in Ground G above, this element is
disclosed by Sjostrom. My analysis with regards to the disclosure of Sjostrom
regarding this element for Ground G applies equally here.

4. Claim 6: Element 6(b)

a. Element (6b)—*“modifying, in response to the
measured mercury content: an injection rate of
injecting the sorbent into the mercury-containing gas,
an amount of the additive in the mixture, or a
combination thereof.”

900. As discussed for Elements 6(b) in Ground G above, this element is
disclosed by Sjostrom. My analysis with regards to the disclosure of Sjostrom
regarding this element for Ground G applies equally here.

5. Claim 8: “The method of claim 1, wherein the sorbent
material is chosen from powdered activated carbon,

granular activated carbon, carbon black, carbon fiber,
aerogel carbon, pyrolysis char, and combinations thereof.”

901. As discussed for claim 8 in Ground G above, this element is disclosed
by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground G applies equally here.

6. Claim 9: “The method of claim 1, further comprising
adding an alkaline component to the mercury-containing
gas, the alkaline component chosen from alkali elements,
alkaline earth elements, alkali salts, alkaline earth salts, and
combinations thereof.”
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902. As discussed for claim 8 in Ground G above, this element is disclosed

by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this

element for Ground G applies equally here.

903. In addition, Olson-646 discloses than an ‘“optional alkali material,

including without limitation alkaline and alkaline earth components™ can be add in

its method.!?® This optional alkaline component is also claimed in Olson-646,!2%

7.

Claim 18: “The method of claim 1, further comprising
modifying, in response to a measured mercury content, an
injection rate of injecting the sorbent into the mercury-
containing gas, an amount of the additive in the mixture, or
a combination thereof.”

904. The language of claim element 18 is substantially identical to the

language of claim 6. Accordingly, the explanation I provide above for claim elements

6(a) and 6(b) applies equally to claim element 18.

8.

Claim 20: “The method of claim 1, wherein the coal is
combusted in a combustion chamber at a coal-combustion
facility, wherein the HBr, bromide compound, or
combination thereof, is added to the coal before the coal
enters the combustion chamber, wherein the addition of the
HBr, bromide compound, or combination thereof, to the
coal is performed at the coal-combustion facility”

1285 Bx 1014 (Olson-646) at 74 [0026, 0061].
1286 Ex. 1014 (Olson-646) at Claims 23, 24, 25, 39, 40.
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905. As discussed for claim 20 in Ground G above, this element is disclosed
by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground G applies equally here.

906. In addition, Olson-646 teaches that the addition of bromine to the coal
at the coal combustion facility has several benefits over treating sorbents off-site,
1287

included lower capital equipment and transport costs.

9, Claim 25: “The method of claim 1, wherein the coal
comprises subbituminous coal.”

907. As discussed for claim 25 in Ground G above, this element is disclosed
by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground G applies equally here.

908. In addition, Olson-646 discloses that its methods can be used on
combustors burning subbituminous coal.!?%

10. Claim 27: “The method of claim 1, wherein the mixture is
combusted in a combustion chamber of a coal-combustion
facility upstream of a scrubber, a particulate control
system, or a combination thereof, wherein the particulate
sorbent is added to the mercury-containing gas before the
mercury-containing gas encounters the scrubber, the
particulate control system, or the combination thereof.”

1287 Bx. 1014 (Olson-646) at ¢ [0078-0087].
1283 Bx. 1014 (Olson-646) at § [0106].
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909. As discussed for claim 25 in Ground G above, this element is disclosed
by Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground G applies equally here.

910. In addition, Olson-646 discloses the use of particulate control systems
1289

such as baghouses, ESPs, or scrubbers.

C. INDEPENDENT CLAIM 14

1. Claim 14: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:

911. The language of the preamble of claim 14 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 14.

2. Claim 14: Element (14a)—*“combusting coal in a
combustor comprising pyrolysis char and an additive

comprising HBr, a bromide compound, or a combination
thereof, to form the mercury-containing gas”

912. The language of claim element 14(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 14(a).

913. To the extent that Element 14(a) additionally requires the combusting
step be in a combustor, Sjostrom discloses this element. Sjostrom discloses

combusting coal in a combustion chamber (e.g., boiler) to form a mercury containing

1289 Ex. 1014 (Olson-646) at § [0123].
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flue gas stream. Addition Location 2 shows addition of a halogen additive into the

combustor. %%
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3. Claim 14: Element (14b)—*“and adding a particulate
sorbent material comprising activated carbon into the
mercury-containing gas”

914. The language of claim element 14(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for
claim element 1(b) applies equally to claim element 14(b).

D. CLAIMS DEPENDING FROM CLAIM 14

1. Claim 15: The method of claim 14, wherein the pyrolysis
char is a promoted pyrolysis char

The language of claim 15 is substantially identical to the language of claim 2.
Accordingly, the explanation I provide above for claim 2 applies equally to

claim 15.

1290 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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E. INDEPENDENT CLAIM 17

1. Claim 17: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:”

915. The language of the preamble of claim 17 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 17.

2. Claim 17: Element (17a)—*“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising

HBr. a bromide compound, or a combination thereof, to
form the mercury-containing gas; and ”

916. The language of claim element 17(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 17(a).

3. Claim 17: Element (17b)—*‘“adding a sorbent material
comprising activated carbon into the mercury-containing

gas”

917. The language of claim element 17(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for

claim element 1(b) applies equally to claim element 17(b).
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XXX.GROUND L: ANTICIPATION OF THE 225 PATENT OVER
YOSTEEN AND/OR OBVIOUSNESS OVER VOSTEEN IN
COMBINATION WITH GRANITE

918. It is my opinion that Vosteen either alone or in combination with the
background knowledge of a POSITA or Granite renders obvious each of asserted
claim of the ’225 Patent.

A. INDEPENDENT CLAIM 1

1. Claim 1: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:

919. Vosteen discloses the preamble. The title of Vosteen is, “Process for
removing mercury from flue gases.”'®! Flue gas is an example of a mercury-
containing gas, and “removing mercury” refers to separating the mercury from a
mercury-containing gas. Vosteen describes “removal of mercury from the flue gases
in a flue gas emission control system downstream of the combustion,” in plants such
as “power stations, for example bituminous coal-fired or lignite-fired power
stations.'?? Claims 1 and 18 of Vosteen also discloses the preamble.

2. Claim 1: Element (1)(a)—*“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising

HBr. a bromide compound, or a combination thereof, to
form the mercury-containing, gas; and”

920. Vosteen discloses this claim element. Vosteen discloses that one of the

applications for his process is in removing mercury from a mercury-containing gas

1291 Ex. 1008 (Vosteen) at Title.
1292 Ex. 1008 (Vosteen) at 2:16-20, 2:35-37.
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generated from the combustion of coal in a combustion chamber. For example,
Vosteen describes experiments conducted on “a coal-fired power station of Bayer
AG in Uerdingen, which essentially consists of a slag-tap fired boiler.“'***> Vosteen
also describes a “coal-fired power station of Bayer AG in Uerdingen (see F1G.9)”
with “two parallel slag-tap fired boilers 91, 92 having temperatures in the combustion
chamber around 1450°C.”'?** Vosteen describes his results in Figures 7 and 8
regarding the experiments conducted on “coal combustion (bituminous coal).”!?%
This limitation is also disclosed in claims 1 and 18 of Vosteen.

921. Vosteen describes adding HBr (hydrogen bromide) and bromide
compounds to the coal, or to the combustion chamber, or both. Sodium bromide is
an example of a bromide compound. Vosteen describes that bromine-containing
ingredients are added to the combustion chamber (also referred to by Vosteen as a
furnace), and can also be added to the coal upstream of the combustion chamber.

The invention relates to a process for removing mercury from flue
gases of high-temperature plants, in particular from power stations

and waste incineration plants, in which bromine and/or a bromine

compound and/or a mixture of various bromine compounds is fed to

1293 Ex. 1008 (Vosteen) at 7:25-28.
1294 Ex. 1008 (Vosteen) at 10:63-11:6.
1293 Ex. 1008 (Vosteen) at 11:23-24.
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the if appropriate multistage furnace and/or to the flue gas in a plant

section downstream of the furnace .!?%

Particularly preferably, an aqueous solution of hydrogen bromide
or an alkali metal bromide, in particular sodium bromide, or an

aqueous solution of the alkali metal bromide is used.!?’

The bromine compound, for example, sodium bromide, can be

added in solid form, for example as salt, or in liquid form, for

example as aqueous solution, to the waste mixture, coal or the like

to be burnt, upstream of the furnace. The addition can also be made

to a plant section upstream of the furnace, for example a pyrolysis

drum, which serves, for example, for the thermal breakdown of co-

incinerated waste materials, or fo a coal mill. The compound can

also be fed during the combustion process. . . .[T] he bromine

compound can be introduced, likewise in solid or liquid form, info

one or both combustion chambers, for example into the rotary kiln

and/or the afterburning chamber. Preferably, an aqueous solution

1296 Ex. 1008 (Vosteen) at 1:65-2:5.
1297 Ex. 1008 (Vosteen) at 2:58-61.
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of the compound is sprayed into  one of the combustion

chambers.'**%

[1]t is also possible to feed the bromine compound, for example an

aqueous solution of hydrogen bromide or sodium bromide, at a fine

dispersion fo the combustion air and/or if appropriate to a

recirculated substream, in particular recirculated flue gas,

recirculated ash and recirculated fly ash.!?®

The “bromine and/or a bromine compound” identified above in Vosteen refers to
molecular bromine (Br2) and/or a compound containing the element bromine (Br)
bonded to other chemical elements. This claim element is also disclosed by claims
1 and 2 of Vosteen, highlighted below, which recite adding a bromine compound or
mixture of compounds (including hydrogen bromide) to the combustion chamber
(furnace), as well as claim 18.13%

922. Tunderstand that under the Plaintiffs’ theory of infringement in this case,
and consistent with the Court’s claim construction ruling, combusting a mixture of

comprising coal, pyrolysis char, and an additive comprising HBr, a bromide

compound, or a combination thereof does not require the separate addition of

1298 Ex. 1008 (Vosteen) at 4:4-19.
1299 Ex. 1008 (Vosteen) at 4:28-33.
1300 Ex. 1008 (Vosteen) at Claims 1, 2, 18.
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pyrolysis char to system. I understand that under this theory this claim element of
pyrolysis char as it appears in Claim 1 is met if the combustion of coal produces some
pyrolysis char, even briefly. I agree with Defendants that some pyrolysis char will
be formed whenever coal is being combusted, including in the combustion systems
disclosed inVosteen. Accordingly, the combusting of coal with added bromine
reagent disclosed in Vosteen is the combusting of coal, pyrolysis char, and an additive
comprising HBr, a bromide compound, or a combination thereof, to form the
mercury-containing gas.
3. Claim 1: Element (1)(c)—“adding a particulate sorbent

material comprising activated carbon into the mercury-
containing gas.”

923. Vosteen discloses a dry-emission control system that includes injecting
an activated-carbon sorbent for adsorbing mercury into a mercury-containing gas.
Vosteen describes “cloth filters which are impinged with a blown-in finely
pulverulent slaked lime/ activated carbon or slaked lime/lignite coal coke
mixture.”3%" These fabric filters are inserted into the flue gas stream.

924. As I describe in the State of the Art regarding Components Downstream
of the Combustion Chamber, fabric filters have been a component of downstream
emissions control that contain fabric bags. They are placed into the flue gas stream,

such that the mercury-containing flue gas with fly ash pass through the bags, and

1301 Ex. 1008 (Vosteen) at 5:27-30.
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particle materials are filtered out of the gas. Vosteen describes adding bromine-
containing species to the coal (and/or or to the combustion chamber) to introduce
HBr and other bromine-containing species into the mercury-containing flue gas
generated in the combustion chamber, and also describes injecting a mixture of lime
and activated carbon onto fabric filters downstream of the combustion chamber.!3%?
This treatment configuration spontaneously brominates the activated carbon
(sorbent) in the mercury-containing flue gas as both the activated-carbon sorbent and
the bromine-containing species move towards the fabric filter unit. The bromination
also occurs in the dust cakes of fly ash, activated carbon, and lime on the outer bag
surfaces. In turn, the brominated activated carbon captures elemental and oxidized
mercury at extremely high efficiency, due to the large concentration of brominated
sites in the activated carbon in a dust cake.

925. It would have also been obvious to combine Vosteen’s addition of
bromine compounds to coal for combustion with activated carbon injection systems
in use at the time that the Vosteen reference was published. For example, Vosteen’s
bromine additive would have been obvious to use in the plants described in the

Granite reference. Granite explains that control technologies for removing mercury

from flue gas at the time include the use of activated carbon sorbents injected into the

1302 Ex. 1008 (Vosteen) at 5:27-30.
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gas stream.'*  Granite describes, for example, the activated carbon duct injection
systems used for mercury control for industrial combustors.*** A POSITA would
understand that injection of activated carbon into the flue was the more common and
readily available method of using activated carbon for mercury control instead of the
impinged fabric filters of Vosteen. Furthermore, a POSITA would have been
motivated by Granite’s teaching that the promotion of activated carbon using
halogens such as chlorine and iodine to combine the teachings of Vosteen regarding
1305

bromine with the state of the art activated carbon systems it describes.

B. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: The method of claim 1, wherein the pyrolysis char
is a promoted pyrolysis char

926. As described for Claim 1, the char present in the combustion mixture is
the char present from the combusting of coal. As described for Claim 1, Vosteen
describes the addition of the claimed bromine species to coal for combustion.
According to Defendants’ own theories of infringement, the formation of char during
the combustion of coal in the presence of bromine will lead to the formation of some
promoted pyrolysis char.

2. Claim 5: “The method of claim 1, comprising removing

greater than 70 wt % of the mercury in the mercury-
containing gas.”

1303 Ex. 2003 (Granite 2000) at 1020, 1022.
1304 Ex. 2003 (Granite 2000) at 1026.
1305 Ex. 2003 (Granite 2000) at 1020.
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927. Vosteen renders this claim obvious in combination with the background
knowledge of a POSITA. Vosteen discloses maintaining mercury levels below those

1306 Vosteen describes

needed to comply with legal and regulatory requirements.
measuring the mercury content and then, in response to that measurement, controlling
process parameters (e.g., rates of addition of bromine-containing components) to
achieve those limits. Measurements of the mercury content are depicted in Figures
2-8 of Vosteen,’”” and also recited in claim 9 of Vosteen.!’**® Vosteen further
describes maintaining mercury content of the cleaned gas below desired levels,
including those imposed by regulatory authorities. For example, Vosteen mentions
that “strict limiting values exist for the legally permissible emission of mercury, for
example from incineration plants and power stations.”!*% Vosteen discusses the need
that his invention provided a solution for “further reduction of the currently permitted
limiting values” of mercury emissions.'3!°

928. As I discuss in the State of the Art, the EPA and other regulatory bodies
proposed rules that, upon implementation, would have required mercury emissions

reductions by 70%. In trying to ensure their plants were compliant upon eventual

implementation and promulgation of the EPA rules, a person of skill in the art would

1306 Ex. 1008 (Vosteen) at 1:10-13, 1:20-22.
1307 Ex. 1008 (Vosteen) at Figs. 2-8.

1308 Ex. 1008 (Vosteen) at Claims 9.

1309 Ex. 1008 (Vosteen) at 1:10-13.

1310 Ex. 1008 (Vosteen) at 1:20-22.
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have been motivated, and it would have been obvious, to keep mercury emissions
below the desired levels proposed by the EPA in order to avoid paying regulatory
fines and other penalties that would incur upon rule implementation.

3. Claim 6: Element (6)(a)—*“The method of claim 5. further

comprising: measuring the mercury content of the
mercury-containing gas; and ”

929. Vosteen discloses this claim element. Vosteen describes that “the
mercury content of the flue gas, in particular the content of metallic [i.e., elemental]
mercury, is measured continuously downstream of the flue gas emission control

system.”3!! Measurements of the mercury content are depicted in Figures 2-8 of

1312 1313

Vosteen, ' and are also recited in claim 9 of Vosteen.

4. Claim 6: Element 6(b)

a. Element (6b)—*“modifying, in response to the
measured mercury content: an injection rate of
injecting the sorbent into the mercury-containing gas,
an amount of the additive in the mixture, or a
combination thereof.”

930. Vosteen discloses this claim element. Vosteen monitors the mercury
content of the cleaned gas, and in response, controls the amount of addition to the
coal and/or combustion chamber of the added bromine-containing species.

Preferably, in the inventive process, the mercury content of

the flue gas, in particular the content of metallic mercury, is
measured continuously downstream of the flue gas emission

1311 Ex. 1008 (Vosteen) at 5:48-50.
1312 Ex. 1008 (Vosteen) at Figs. 2-8.
1313 Ex. 1008 (Vosteen) at Claims 9.
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control system and on the basis of the measured mercury
content the amount of bromine fed and/or bromine
compounds and/or the mixture of bromine compounds and if
appropriate sulphur and/or sulphur substances and/or the
mixture of sulphur substances is controlled.’’!

931. As explained above, the bromine-containing species include aqueous
hydrogen bromide [HBr(aq)], bromide compounds in solid or aqueous form (e.g.,
sodium bromide [NaBr(s) or NaBr(aq)], molecular bromine (Br2), and mixtures
thereof, and these bromine-containing species are added to either the coal or to the
combustion chamber. Claim Element 28(b) is also disclosed by claim 9 of
Vosteen.!31°

5. Claim 8: “The method of claim 1, wherein the sorbent
material is chosen from powdered activated carbon,

granular activated carbon, carbon black, carbon fiber,
aerogel carbon, pyrolysis char, and combinations thereof.”

932. Vosteen discloses this element. The sorbent material used by Vosteen
1s granular activated carbon: "fixed-bed adsorbers, for example based on granulated
activated carbon."

933. Granite also discloses a number of different types of activated carbon.

6. Claim 9: “The method of claim 1, further comprising

adding an alkaline component to the mercury-containing
gas, the alkaline component chosen from alkali elements,

1314 Ex. 1008 (Vosteen) at 5:48-55.
1315 Ex. 1008 (Vosteen) at Claims 9.

Expert Report of Dr. Stephen Niksa Page 600

Exhibit 2011
Page 609



alkaline earth elements, alkali salts, alkaline earth salts, and
combinations thereof.”

934. Vosteen discloses this element. For example, Vosteen teaches that the

flue gas control system can be used with additional alkaline sorbents including

granular lime, such as in a mixture with adsorbers like activated carbon.!3!¢

7. Claim 18: “The method of claim 1, further comprising
modifying, in response to a measured mercury content, an
injection rate of injecting the sorbent into the mercury-
containing gas, an amount of the additive in the mixture, or
a combination thereof.”

935. The language of claim element 18 is substantially identical to the
language of claim 6. Accordingly, the explanation I provide above for claim elements
6(a) and 6(b) applies equally to claim element 18.

8. Claim 20: “The method of claim 1, wherein the coal is
combusted in a combustion chamber at a coal-combustion
facility, wherein the HBr, bromide compound, or
combination thereof, is added to the coal before the coal
enters the combustion chamber, wherein the addition of the
HBr., bromide compound, or combination thereof, to the
coal is performed at the coal-combustion facility”

936. This limitation is disclosed by Vosteen. Vosteen explains that the

addition of the bromine compound to coal can be made at the plant, upstream of the

furnace.!?!”

9. Claim 25: “The method of claim 1, wherein the coal
comprises subbituminous coal.”

316 Ex. 1008 (Vosteen) at 5:15-49; 7:25-31.
BI7Ex. 1008 (Vosteen) at 3:66-4:13.
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937. This claim element is obvious in light of Vosteen and the background

knowledge of a POSITA. Vosteen teaches that its invention can be applied to coal-

fired power stations using a variety of coals.!3!®

10. Claim 27: “The method of claim 1, wherein the mixture is
combusted in a combustion chamber of a coal-combustion
facility upstream of a scrubber, a particulate control
system, or a combination thereof, wherein the particulate
sorbent is added to the mercury-containing gas before the
mercury-containing gas encounters the scrubber, the
particulate control system, or the combination thereof.”

938. Vosteen discloses this claim element. Vosteen describes numerous
components that are used to separate the mercury/sorbent composition from the

mercury-containing (flue) gas, to form a cleaned gas. Such components include a

spray-dryer adsorber (SDA), electrostatic precipitator (ESP), or fabric filter.!3!”

These are also discussed in claims of Vosteen. '3

939. Vosteen repeatedly refers to a flue gas cleaning system.'*?! Vosteen
refers to “clean gas downstream of the wet and/or dry flue gas emission system.”!#2?
This is because, as Vosteen discloses, an “object of the invention to provide a process

for removing mercury, in particular for the substantially complete removal of

BI8 Ex. 1008 (Vosteen) at 2:32-53.
1319 Ex. 1008 (Vosteen) at 5:15-30.
1320 Ex. 1008 (Vosteen) at Claim 10.

1321 See, e.g., Ex. 1008 (Vosteen) at Abstract, 2:12-15, 5:1-5.
1322 Ex. 1008 (Vosteen) at 6:2-4.
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mercury (Hg).”!3?® Granite also describes scrubbing solutions for removal of
sorbents, 324

940. A POSITA would understand that the addition of a sorbent must occur
before the scrubber or particulate control system, as the purpose of the sorbent is to
adsorb gaseous pollutants such as mercury so that the pollutants can be removed on

the particulates by the scrubber or particulate control system.

C. INDEPENDENT CLAIM 14

1. Claim 14: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:

941. The language of the preamble of claim 14 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the
preamble of claim 1 applies equally to the preamble of claim 14.

2. Claim 14: Element (14a)—*“combusting coal in a
combustor comprising pyrolysis char and an additive

comprising HBr, a bromide compound, or a combination
thereof, to form the mercury-containing gas”

942. The language of claim element 14(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for

claim element 1(a) applies equally to claim element 14(a).

1323 Ex. 1008 (Vosteen) at 1:50-53.
1324 Ex. 2003 (Granite 2000) at 1020, 1026.
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943. To the extent that Element 14(a) additionally requires the combusting

step be in a combustor, Vosteen discloses this element. Vosteen continuously refers

to combustion happening in a combustion chamber.!3?°

3. Claim 14: Element (14b)—*“and adding a particulate
sorbent material comprising activated carbon into the
mercury-containing gas”

944. The language of claim element 14(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for
claim element 1(b) applies equally to claim element 14(b).

D. CLAIMS DEPENDING FROM CLAIM 14

1. Claim 15: The method of claim 14, wherein the pyrolysis
char is a promoted pyrolysis char

The language of claim 15 is substantially identical to the language of claim 2.
Accordingly, the explanation I provide above for claim 2 applies equally to
claim 15.

E. INDEPENDENT CLAIM 17

1. Claim 17: Preamble—*“A method for treating a mercury-
containing gas, the method comprising:”

945. The language of the preamble of claim 17 is identical to the language of
the preamble of claim 1. Accordingly, the explanation I provide above for the

preamble of claim 1 applies equally to the preamble of claim 17.

1325 Ex. 1008 (Vosteen) at 4:4-19; 10:64-11:5.
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2. Claim 17: Element (17a)—*“combusting a mixture
comprising coal, pyrolysis char, and an additive comprising
HBr, a bromide compound, or a combination thereof, to
form the mercury-containing gas; and ”

946. The language of claim element 17(a) is substantially identical to the
language of claim element 1(a). Accordingly, the explanation I provide above for
claim element 1(a) applies equally to claim element 17(a).

3. Claim 17: Element (17b)—*“adding a sorbent material
comprising activated carbon into the mercury-containing

gas”

947. The language of claim element 17(b) is substantially identical to the
language of claim element 1(b). Accordingly, the explanation I provide above for
claim element 1(b) applies equally to claim element 17(b).

XXXI. GROUND M: OBVIOUSNESS OF THE ’147 PATENT OVER

NELSON ALONE OR IN VIEW OF OLSON-PAPER AND/OR
LISSIANSKI-PATENT

948. It is my opinion that Nelson either alone or in combination with the
Olson-Paper and/or Lissianski-Patent anticipates and/or renders obvious claims 17-

20 of the *147 patent, as independent claim 1 on which those claims depend.

A. CLAIM 1

1. Claim 1: Preamble — “A method for separating mercury
from a mercury containing gas comprising:”
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949. The preamble is disclosed by Nelson. Nelson repeatedly describes

separating, or removing, mercury from a mercury containing gas. This can be seen

in claim 1 of Nelson'32¢

1. A method for removing mercury and mercury-
containing compounds from a combustion gas in an exhanst
gas syslem, comprising the steps of:
providing a mercury sorbent that has been prepared by

treating a carbonaceous substrate with an effective

amount of a bromine-containing gas for a sufficient
lime o increase the ability of the carbonaceous sub-
stratc to adsorb mercury and mercury-containing com-
pounds;

imjecting the mercury sorbent mmlo a stream ol the
mercury-conlaining combustion gas for a sufficient
time to allow an effective amount of the mercury and
mereury-containing compounds in the combustion gas

o adsorb emto the mercury sorbent; and
collecting and removing the mercury sorbent from the

l;u:|1|E1||.~.!iu|r| s slream.

950. Inaddition, the title of Nelson is “Sorbents and Methods for the Removal
of Mercury from Combustion Gases.”'**” The Abstract of Nelson further describes
that the patent provides a “method for removing mercury and mercury-containing
compounds from a combustion gas in an exhaust gas system.”!¥?® The “combustion
gas” is a mercury-containing gas, and the mercury is separated from that gas. Nelson
teaches that the mercury is separated from the mercury containing gas when “an

effective amount of the mercury and mercury-containing compounds in the

1326 Ex. 1012 (Nelson) at claim 1.
1327 Ex. 1012 (Nelson) at Title.
1328 Ex. 1012 (Nelson) at Abstract.

Expert Report of Dr. Stephen Niksa Page 606

Exhibit 2011
Page 615



combustion gas ... adsorb onto the mercury sorbent.”!3?° Nelson further states that the
Field of the Invention “relates to the removal of mercury from combustion gas

streams.”33% Nelson provides numerous other disclosures of separating mercury from

a mercury-containing gas.!*3!

951. As additional evidence that a POSITA would have had a reasonable
expectation of success in applying the teachings of Olson-Paper to Nelson, Olson-

Paper also teaches separating mercury from a mercury containing gas. The title of

Olson-Paper is “Chemical mechanisms in mercury emission control technologies.!¥3?

Olson-Paper further explains in the Abstract:

The emission of elemental mercury in the flue gas from coal-
burning power plants is a major environmental concern. Control
technologies utilizing activated carbon show promise and are
currently under intense review. Oxidation and capture of
elemental mercury on activated carbon was extensively
investigated in a variety of flue gas atmospheres.!3*

The “capture of elemental mercury on activated carbon” refers to separating the

mercury from the mercury-containing flue gas by adsorbing it onto activated carbon.

2. Claim 1: Element 1(a)(1) — “promoting at least a portion
of a particulate sorbent material comprising activated
carbon by chemically reacting the sorbent material with a

1329 Ex. 1012 (Nelson) at Abstract.

1330 Ex. 1012 (Nelson) at 1:24-27.

331 See, e.g., Ex. 1012 (Nelson) at 4:31-35 (“object of the present invention” of
Nelson), 15:65-67 & 16:7-13 (claim 1), 18:23-26 (claim 29), Figs. 7-15.

1332 Ex. 1079 (Olson-Paper) at Title.

1333 Ex. 1079 (Olson-Paper) at Abstract (emphasis added).
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bromine containing promoter to form a promoted
brominated sorbent.”

952. This limitation is disclosed by Nelson. Nelson discloses promoting
powdered activated-carbon (PAC) sorbent by chemically reacting the PAC with
bromine-containing gases (e.g., Br, and/or HBr) to form a promoted brominated

sorbent. This can be seen in claims 1 and 3 of Nelson, highlighted below:!33

1. A method for removing mercury and mercury-
containing compounds from a combustion gas in an exhaust
gas sysiem, comprising the steps of:
providing a mercury sorbent that has been prepared by

lreating a carbonaceous substrate with an ecffective

amount ol a bromine-containing gas for a sullicient
tlime to increase the ability of the carbonaceous sub-
strate 1o adsorb mercury and mercury-containing com-
pounds;

injecting the mercury sorbent into a stream of the
mercury-containing combustion gas for a sufficient
time to allow an effective amount of the mercury and
mercury-containing compounds in the combustion gas

o adsorb onto the mercury sorbent; and
collecting and removing the mercury sorbent from the

combustion gas strcam.

3. The method of claim 2, whercin:
the carbonaceous substrate comprises activated carbon.

Claims 10 and 17 of Nelson also recite that “the carbonaceous substrate comprises

activated carbon.”'3** Claims 19 and 22 of Nelson further recite using activated

1334 Ex. 1012 (Nelson) at claims 1, 3.
1335 Ex. 1012 (Nelson) at claims 10, 17.
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carbon as the sorbent, and reacting the activated carbon with a bromine-containing
gas.13%

953. Nelson discloses preparation of a “mercury sorbent” by “treating a
carbonaceous substrate [e.g., activated carbon sorbent] with an effective amount of a
bromine-containing gas for a time sufficient to increase the ability of the
carbonaceous substrate to adsorb mercury and mercury-containing compounds.”!’
As further confirmation that my analysis is correct, and that the bromine-containing
gases in Nelson are promoters, | note that the *147 patent describes a promoter
through which “activity for mercury capture is enhanced by the addition of halogen
»1338

(e.g. bromine) to the carbon structure.

a. Particulate sorbent material comprising activated
carbon

954. Nelson discloses the use of powdered activated carbon (“PAC”), in
particulate form, as a sorbent material to capture mercury. Nelson describes in

multiple places that the sorbent used is PAC:

1336 Ex. 1012 (Nelson) at claims 19, 22.

1337 Ex. 1012 (Nelson) at Abstract; see also Ex. 1012 (Nelson) at 4:58-63, 6:10-
16, 7:33-36, claim 1.

1338 Ex. 1001 (‘147 Patent) at 13:22-25; see also State of the Art, above, §

XII.G.2.
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There are five essential elements to the mercury sequestration
claims of the present invention. The first three are that (1) a
carbon-based adsorbent, such as powdered activated carbon
(PAC), is used (2) to capture and concentrate vaporous mercury
species from (3) a hot, flowing gas stream of combustion
products.!3?

Nelson exposes the “carbonaceous material, preferably powdered activated carbon
(PAC), to gaseous bromine, Brx(g), or to gaseous hydrogen bromide, HBr(g).”!3*
Each of Examples 1-8 of Nelson, including Example 1, use PAC as the sorbent.!3*!
The use of PAC as the sorbent can also be seen in the captions and labels in Figs. 7-
15,132 and in many of the claims of Nelson.*** The powdered activated carbon
sorbent is further labeled in Fig. 1 as item 1 (““Carbonaceous Substrate material (e.g.
PAC),” and after undergoing reaction with bromine, as “Improved Mercury

Sorbent.”3* Fig. 1 is excerpted below.

1339 Ex. 1012 (Nelson) at 5:63-6:1.
1340 Ex. 1012 (Nelson) at 6:10-15; see also 6:26-34; 7:10-13
1341 Ex. 1012 (Nelson) at 11:10-13 (Example 1), 12:9-14 (Comparative

Example 1, Norit Darco® FGD PAC), 12:20-27 (Example 2, Norit Darco®
FGD PAC), 13:10-12 (Example 3, Norit Darco® FGD PAC), 13:33-36
(Example 4), 13:59-63 (Example 5), 14:40-43 (Example 6), 15:24-27 (Example
7), 15:41-52 (testing leaching of the sorbents used in previous examples).

1342 Ex. 1012 (Nelson) at Figs. 7-15.
1343 Ex. 1012 (Nelson) at claims 3, 7, 10, 17, 22, and 26.
1344 Ex. 1012 (Nelson) at Fig. 1.
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/—1

Carbonaceous lmpr;:wed
Substrate M aterial Mercury
{e.g. PAC) Sorbent

Nelson discloses several brands of “commercially-available powdered activated
carbons (PACs),” and focuses on the PAC provided by Norit, because “Norit’s
Darco FGDO® is a common PAC frequently used by other researchers as a
comparative yardstick.”!3%
955. Nelson describes that the activated carbon sorbent is in particulate form:
Preferably the activated carbon is in a very fine state, which

allows for a more uniform bromination later in the process. An
example would be a powdered activated carbon (PAC).!346

956. Nelson refers to the powdered activated carbon as containing “carbon
particles” or “carbonaceous ... particles.”!**’ Nelson describes the “particle size” in

the claims, providing further disclosure of using activated carbon in particulate

form. 1348
b. Promoting at least a portion of the sorbent material by
chemically reacting the sorbent material with a bromine
1343 Ex. 1012 (Nelson) at 11:11-20.
1346 Ex. 1012 (Nelson) at 7:31-34 (emphasis added).
1347 Ex. 1012 (Nelson) at 6:34-37, 7:16-18, 7:64-66.
1348 Ex. 1012 (Nelson) at claims 6, 8,9, 11, 14-17, 25
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containing promoter to form a promoted brominated
sorbent,”

957. Nelson describes a process for promoting at least a portion of the
particulate sorbent material (e.g., Norit Darco® FGD) by chemically reacting the
PAC with a bromine containing promoter (e.g., Bra(g) and/or HBr(g)) to form a

promoted brominated sorbent. This can be seen in Fig. 1, which is annotated

below. 3%
Figure 1. ' !
SE%EEEE::" :|> Sorbent Material
Bromine-
Containing
Promoter
|n:|:'u """ HE Vacuurn, if'n'rffh'l:
! Purge, &for | _
(»r |
(R .
e
L Promoted Brominated
Wercury Sorbent
1349 Ex. 1012 (Nelson) at Fig. 1 (annotated).
Expert Report of Dr. Stephen Niksa Page 612

Exhibit 2011
Page 621



The activated-carbon sorbent material (in red) is labeled “Carbonaceous Substrate
Material (e.g. PAC).”!3%Nelson describes that the carbonaceous substrate material
can include “many different materials” including “activated carbon,” and that
activated carbon is the “preferred carbonaceous substrate material.”!**! The
bromine-containing promoter (in blue) chemically reacts with the activated-carbon
sorbent, as indicated by box 4 (“Reaction”) to form a promoted brominated sorbent
(purple, labeled “Improved Mercury Sorbent”).

i The bromine-containing promoter chemically
reacts with the activated carbon

958. Nelson describes that the activated carbon (shown in red in Fig. 1,
above) is chemically reacted with a bromine-containing promoter. The bromine-
containing promoter is injected in Step 3 in the form of elemental bromine gas (Br)
and/or hydrogen bromide gas (HBr), shown in blue in Fig. 1. The bromine-containing

promoter chemically reacts with the activated carbon sorbent in Step 4, labeled

“Reaction.”!32
: 4
Bromine- 3
Containing Shf—4  Reaction e bast
HErg)

Promoter
1350 Ex. 1012 (Nelson) at Fig. 1, 7:4-5.
1331 Ex. 1012 (Nelson) at 7:6-9, 7:24-25, 7:31-33.
1352 Ex. 1021 (Nelson) at Fig. 1.
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959. Nelson describes that upon contact between the bromine-containing

promoter and activated carbon, a chemical reaction also takes place. In addition to

labeling Step 4 “Reaction,” Nelson states:

A critical element in the process is that a bromine-containing gas
3 is used to treat the carbonaceous substrate. Preferably this gas
comprises elemental bromine, Br: (g), although other bromine-
containing gases, such as hydrogen bromide, HBr, will also have
the advantageous effect of the invention.!33

The key step in the sorbent manufacturing process is exposing
the dried carbonaceous materials to the bromine-containing gas,
4. When the gas contacts the solids, it is quickly adsorbed and
reacted with materials.’*

The carbonaceous materials will both physically adsorb the
bromine species at 4 and chemically react with them. It is
preferable to minimize the amount of bromine that is physically-
adsorbed weakly on the carbons. Physically-adsorbed bromine
is prone to desorb from the materials upon changed conditions,
such as injection into a hotter gas stream, for example. It is
desirable to have the bromine as stable as possible on the carbon,
yet in a form that is still reactive towards mercury.!3>°

“[C]hlorine and bromine, which chemically react with strongly-
held carbon surface compounds ....”"3%

“While not intending to be limited by hypothesized chemistry, it
appears that in exposing PAC to concentrated bromine gas, a
relatively large quantity of the bromine reacts with the carbon,
forming surface compounds on the large surface-area of the
carbon. When the PAC is then injected into the flue gas, the
elemental mercury and oxidized mercury species there appear to

1353
1354
1355
1356

Expert Report of Dr. Stephen Niksa

Ex. 1012 (Nelson) at 7:45-51 (emphasis added).
Ex. 1012 (Nelson) at 8:8-12 (emphasis added).

Ex. 1012 (Nelson) at 8:21-30 (emphasis added).
Ex. 1012 (Nelson) at 2:36-37 (emphasis added).
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react with at least one form of the bromine-carbon surface

compounds that were created and are held fas

t 1357

The size of the carbonaceous particles during bromination is not
critical as long as their mass is uniformly exposed to and reacted

with the bromine.'38

The elemental bromine was adsorbed and reacted with the PACs
much faster than was the elemental chlorine, for example—one-

hundred-times faster.!'3>°

960. When Nelson describes that elemental bromine “was adsorbed and

reacted with the PACs,” Nelson is referring to a promotion reaction. As I describe in

the State of the Art, it was known that halogens (particularly chlorine-containing and

bromine-containing species) reacted with activated carbon, and that the reaction was

one of promotion of the activated carbon.'*® For example, Nelson describes for

Example 5, shown in Fig. 14, that the “brominated PAC achieved 90% mercury

removal with only 4 1b of sorbent injected/MMacf” [million actual cubic feet] of flue

gas

1361

1357
1358
1359
1360
1361

Ex. 1012 (Nelson) at 6:26-34 (emphasis added).
Ex. 1012 (Nelson) at 7:16-19 (emphasis added).

Ex. 1012 (Nelson) at 14:44-48 (emphasis added).
See State of the Art, above, § § XII.C.3, XII.G.2.

Ex. 1012 (Nelson) at 14:1-2, 14:12-14; Fig. 14.
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Mercury Remowval (%)

Figure 14.
Duct-Injection Pilot Plant with ESP

FGD PAC with Bry -

£ Commercial
"7 ldine PAC —

1 Plain Norlt FGD PAC ———

] 2 4 -] 8 10
Sarbent Injection Rate (Ib/MMacf}

12

At the same sorbent injection rate, the activated-carbon sorbent treated with

bromine-containing species removed significantly more mercury than the “Plain

Norit FGD PAC” (the untreated activated carbon).

Olson-Paper proposes a model to explain the underlying basis for these

results, as described below for Claim Elements 1(a)(3) and 1(a)(4). Olson-Paper

explains that the “basic carbene [on untreated activated carbon] cannot react directly

with Hg" [elemental mercury], but reacts with HCI to form stable carbenium ion

intermediates, which are then active for binding Hg’, accepting electrons from the

atom (Figure 2). Thus HCI or other acids promote the oxidation step.”'>%° Olson-

Paper explains that elemental mercury has a low affinity for the basic sites on

1362

Ex. 1079 (Olson-Paper) at 981.
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activated carbon, but that upon exposure to acid gases, the acid gases promote the
sites on activated carbon and increase their affinity towards elemental mercury.

ii The bromine-containing promoter forms a promoted
brominated sorbent.

962. Nelson describes that, as a result of the chemical reaction between the
activated carbon sorbent and the bromine-containing promoter, a promoted
brominated sorbent is formed. In Figure 1, Nelson labels the promoted brominated

sorbent as “Improved Mercury Sorbent.”!363

l Promoted Brominated
Improved
Mercury Sorbent

Nelson describes the “improved mercury sorbent” in multiple figures. Figure 1
shows a “block diagram of the process for manufacturing the improved mercury
sorbent compositions,” Figures 2-6 “describe “example methods for using the
improved sorbent compositions,” and Figures 7-9 show “performance plots

indicating improvements in mercury capture with the invention.”!3%

963. Nelson further refers to the “improved mercury sorbent,” formed from

the chemical reaction between the activated carbon sorbent and the bromine-

1363 Ex. 1012 (Nelson) at Fig. 1 (annotated).
1364 Ex. 1012 (Nelson) at 5:28-36 (Brief Description of the Drawings).
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containing promoter, as a “brominated mercury sorbent.” This can be seen, for

example, in claim 19 of Nelson. 3%

19. A process for manufacturing a mercury sorbent,
comprising:

providing a carbonaceous substrate;

providing a bromine-containing gas; and

contacting the carbonaceous substrate with the bromine-
containing gas for a sufficicnt time to increasc the
mercury adsorbing ability of the carbonaccous sub-
strate;

to provide a brominated mercury sorbent capable of
adsorbing mercury in a high temperature combustion
gas.

964. Nelson describes that the bromine-containing species chemically reacts
with the activated carbon and improves the effectiveness of the activated carbon in
sequestering mercury compared to untreated activated carbon.'**® For example,
Figures 12 and 13 compare the ability of un-promoted activated carbon (“Norit Darco
FGD,” labeled “Untreated”) in removing mercury, as compared to the activated

carbon promoted with bromine.

1365 Ex. 1012 (Nelson) at claim 19.

1366 Ex. 1012 (Nelson) at Abstract; see also Ex. 1012 (Nelson) at 5:35-37,
6:10-16, 7:33-35, claim 1.
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Figure 13.

Figure 12.
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965. As shown in Figure 12, as a result of the bromine promotion in Nelson,
“the brominated carbons adsorbed considerably more mercury species than the
untreated versions, with the improvements averaging about 100%.”'%°” As shown in
Figure 13, “the brominated sorbent performed the best, removing over 300% more
mercury than the untreated PAC, for example.” !

966. Other figures of Nelson further indicate that the injected bromine acts as
a promoter. As compared to untreated PAC (labeled “Plain Norit FGD PAC”), the

“improved mercury sorbent” of Nelson more efficiently removes mercury as

compared to untreated activated-carbon sorbent.

1367 Ex. 1012 (Nelson) at 13:13-17.
1368 Ex. 1012 (Nelson) at 13:33-35.
Expert Report of Dr. Stephen Niksa Page 619

Exhibit 2011
Page 628



Figure 14.
Duct-Injection Pilot Plant with ESP

Figure 15.
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Figures 14 and 15 show close to 100% overall mercury removal with bromine-

treated PAC (Figure 14)'3% and more than 70% mercury removal on the sorbent

itself with bromine-treated PAC (Figure 15).137°

3. Claim 1: Element 1(a)(2) — “whrerin the bromine

containing promoter is in gaseous form, vapor form. or non-
aqueous liquid form.”

967. This limitation is disclosed by Nelson. Nelson describes in multiple
places that the bromine-containing promoter is in gaseous form, vapor form, or non-
aqueous liquid form. In particular, Nelson describes promoting the activated carbon

using hydrogen bromide (HBr) and/or molecular bromine (Br2), each in gaseous

form:
1369 Ex. 1012 (Nelson) at Fig. 14, 14:1-14.
1370 Ex. 1012 (Nelson) at Fig. 15, 15:5-40.
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In some aspects of this manufacture, the carbonaceous substrate
is activated carbon. In some aspects of the manufacture, the

bromine-containing gas comprises elemental bromine (Br:)
and/or hydrogen bromide (HBr)."3"!

In some aspects of the invention, the bromine-containing gas
comprises at least one of: elemental bromine and hydrogen
bromide. In some aspects of the invention, the carbonaceous
substrate comprises activated carbon.!*”

Elemental bromine is a liquid at ambient temperature, but turns
to a gas at only a modestly elevated temperature. Hydrogen
bromide is a gas at even ambient temperature. Using a gas-phase
carbon reactant considerably simplifies the production of the
sorbent and leads to the low costs which are a requirement for a
sorbent to be used as a once-through duct injectant.!3”?

A critical element in the process is that a bromine-containing gas
3 is used to treat the carbonaceous substrate. Preferably this gas
comprises elemental bromine, Brz (g), although other bromine-
containing gases, such as hydrogen bromide, HBr, will also have
the advantageous effect of the invention.!37*

l —4
Bromine- o r
CD ﬂtai N | r'Ig Bl Reaction === heat
HErg)
Promoter

1371
1372
1373
1374

Expert Report of Dr. Stephen Niksa

Ex. 1012 (Nelson) at 5:18-21 (emphasis added).
Ex. 1012 (Nelson) at 4:64-67.
Ex. 1012 (Nelson) at 6:46-52.
Ex. 1012 (Nelson) at 7:45-51.
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Nelson demonstrates in Figure 1 that the bromine-containing promoter is in the gas

phase (denoted by “(g)”’) when it contacts and chemically reacts with the activated

carbon.!37?

968. The claims of Nelson repeatedly recite that the bromine-containing

promoter is in gaseous form. Claim 1 of Nelson is highlighted below:!37

1. A method for removing mercury and mercury-
containing compounds from a combustion gas in an exhaust
gas system, comprising the steps of:
providing a mercury sorbent that has been prepared by

treating a carbonaceous substrate with an effective

amount ol a bromine-containing gas for a sufficient
time to increase the ability of the carbonaceous sub-
strate 1o adsorb mercury and mercury-containing com-
pounds;

injecting the mercury sorbent into a stream of the
mercury-containing combustion gas for a sufficient
time to allow an effective amount of the mercury and
mercury-containing compounds in the combustion gas
to adsorb onto the mercury sorbent; and

collecting and removing the mercury sorbent from the
combustion gas stream.

Other claims also recite that the bromine promoter is in gaseous form.!3””

4. Claim 1: Element 1(a)(3) — “and wherein the activated
carbon contains graphene sheets having carbene species

edge sites”

1375 Ex. 1012 (Nelson) at Fig. 1.
1376 Ex. 1012 (Nelson) at claim 1.
1377

Ex. 1012 (Nelson) at claim 19 (“providing a bromine-containing
gas”); Claims 2, 17, 20, 26 (“the bromine-containing gas comprises elemental
bromine”); Claim 6, 21 (“the bromine-containing gas comprises hydrogen
bromide”).
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969. This limitation is disclosed by Olson-Paper, and obvious over Nelson in
view of Olson-Paper. As discussed above regarding the State of the Art,'*’® it was
proposed since at least the 1980s that activated carbon (at least in a clean laboratory
setting) has graphene sheets having carbene species edge sites. Thus, the inventors
of the *147 patent were just describing a property of graphene that had been theorized
decades earlier to those of skill in the art.

970. Olson-Paper applies these known teachings of the surface structure of
activated carbon. Olson-Paper supplements the teachings of Nelson by identifying
surface compounds formed in the activated carbon of Nelson, and proposing chemical
reaction mechanisms underlying Nelson. In addition to the discussion above in the
Reasons to Combine section, a person of skill in the art would have had a reasonable
expectation of success combining Nelson with Olson-Paper because no modifications
would need to have been made to the process conditions, chemical reactors, activated
carbon sorbent, or halogen promoter used in Nelson. Olson-Paper merely seeks to
describe the chemistry already taking place in Nelson.

971. Nelson describes his invention using the commercially-available,
powdered-activated carbon provided by Norit, because “Norit’s Darco FGD® is a

common PAC frequently used by other researchers as a comparative yardstick.”!*”

1378 See State of the Art, above, § XII.C.2.
1379 Ex. 1012 (Nelson) at 11:17-20.
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Indeed, Figures 9-15 of Nelson expressly reference Norit Darco FGD activated
carbon in either the title or caption.'**° Olson-Paper describes the surface structure of
this brand of activated carbon, referring to it as “Norit FGD.”'*8! Olson-Paper studied
the surface structure of “two AC [activated carbon] sorbents, Norit FGD and the
EERC lignite-derived AC, exposed to various simulated flue gas compositions.”!3%?
The same brand name of activated carbon—Norit FGD—was studied in both Nelson
and in Olson-Paper. A person of skill in the art would have applied the teachings of
Olson-Paper to the activated carbon in Nelson.

972. Both Nelson and Olson-Paper describe the effects when Norit Darco
FGD is exposed to halogens. Nelson describes that exposing activated carbon to
chlorine and bromine improves the effectiveness in mercury removal, although
bromine works better.!*83 Nelson further explains that the reactions occur on the
“surface” of activated carbon, stating that “a relatively large quantity of the bromine

reacts with the carbon, forming surface compounds on the large surface-area of the

carbon.”!38* Olson-Paper describes such surface compounds and models for chemical

1380 Ex. 1012 (Nelson) at Figs. 9-15.
1381 Ex. 1079 (Olson-Paper) at 981.
1382 Ex. 1079 (Olson-Paper) at 981.
1383 Ex. 1012 (Nelson) at 6:15-19, 12:28-30, 14:16-19, Fig. 11, Fig. 14.
1384 Ex. 1012(Nelson) at 6:26-30.
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reaction pathways between halogens and the surface of the Norit Darco FGD®

activated carbon.

1385

973. Olson-Paper proposes that activated carbon, particularly the Norit Darco

FGD® disclosed in Nelson, contains graphene sheets having carbene species edge

sites. Olson-Paper states in the Abstract that his model describes “a zig-zag carbene

site on the carbon edge that performs as a Lewis base.”!*%¢ The “carbon edge” refers

to the edge sites on graphene, which contains the carbene species. Olson-Paper

elaborates regarding the ‘“carbene structures” present “at the edges of the carbon

graphene layers” in activated carbon:

1387

A refinement of the mechanistic model for Hg® oxidation and
binding is now proposed that offers more detail on the nature of
the carbon site and its interaction with flue gases and Hg. This
model uses the concept of zig-zag carbene structures recently
proposed for electronic states at the edges of the carbon
graphene layers [8]. In the edge carbene model of Hg capture,
the zig-zag carbon atom positioned between aromatic rings is
hypothesized to be a Lewis base site. The basic carbene cannot
react directly with Hg® but reacts with HCI to form stable
carbenium ion intermediates, which are then active for binding
Hg", accepting electrons from the atom (Figure 2). Thus HCI or
other acids promote the oxidization step.

974. Reference 8 refers to the paper by Radovic, a previous researcher who

had already investigated “the surface chemistry of edge carbon atoms” in graphene

1385
1386
1387

Expert Report of Dr. Stephen Niksa

Ex. 1079 (Olson-Paper) at 979 (Abstract).
Ex. 1079 (Olson-Paper) at 979 (Abstract) (emphasis added).
Ex. 1079 (Olson-Paper) at 982 (emphasis added).

Page 625

Exhibit 2011
Page 634



layers and “argue[d] in favor of” “carbene or m-benzyne at the zigzag sites.”!3% A
person of skill in the art would have recognized that “graphene layers” described by
Olson-Paper is another word for “graphene sheets.” The graphene sheets are shown
in Fig. 2 of Olson-Paper, and the carbene species edge site is labeled by Olson-Paper

as “Carbon Basic Zig-Zag Site.”!3%

EERG EOR T80 DOH

O, C>< -
HgCl

T Ha(li}-x

<}H = (%
H(J
/ H,S0,
=5
He—o

Carbon Basic s O30.H
Zig-Zag Site HSO, ’

Figure 2. Reaction site mode! for activated carbon.
975. As I describe in the State of the Art section,'3*° a person of skill in the

art would have known that each vertex represents a carbon atom, and each hexagon
represents an aromatic ring. A POSITA would have further known that graphene is

a structure having sheets of such aromatic ring systems stacked in layers upon one

1388 Ex. 1046 (Radovic); See State of the Art, above, § XII.G.2.
1389 Ex. 1079 (Olson-Paper) at 982.
1390 See State of the Art, above, § XIL.A.5.
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another.!*"! Further, the “Lewis base site” described on page 982 by Olson-Paper

means a site that can donate electrons.!3%?

The zig-zag carbon atom, circled in red
above from Figure 2 in Olson-Paper, is a “carbene species edge site,” as per claim 1
of the *147 patent, because it contains a neutral carbon atom that is bonded to two
other carbon atoms and that has two unshared valence electrons (i.e., a lone pair or
dangling pair of electrons that it can donate when performing chemical reactions).
976. As further confirmation that my analysis of the disclosure of Olson-
Paper is correct, I note that the depiction of a carbene species on a graphene sheet is

nearly identical between the Olson-Paper (left)!*** and *147 patent (right) .!3%

Carbon Basic
Zigzag Site \  /

/ N\
Carbon Basic
Zig-Zag Site

And similar to both Nelson and Olson-Paper, the *147 patent also uses Norit Darco

FGDO as the activated carbon sorbent of choice.'** This is because, as described by

1391 See State of the Art, above, § § XIILA.5, XII.C.2; Ex. 1070 (Bansal) at

238.
1392 Ex. 1079 (Olson-Paper) at 982.
1393 Ex. 1079 (Olson-Paper) at 982, Fig. 2.
1394 Ex. 1001 (’147 Patent) at Fig. 2.
1393 Ex. 1001 (’147 Patent) at 5:52-67 (describing Figs. 4-9), 14:40-46,

15:46, 20:48.
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Nelson, “Norit’s Darco FGD® is a common PAC frequently used by other

researchers as a comparative yardstick.”!3%

5. Claim 1: Element 1(a)(4) — “which react with the bromine
containing promoter to form a carbocation paired with a
bromide anion in the promoted brominated sorbent for
oxidation of the mercury;”

977. This limitation is disclosed by Olson-Paper, and is obvious over Nelson
in view of Olson-Paper. As I discuss above regarding Claim Element 1(a)(1), Nelson
describes that the activated carbon chemically reacts with the bromine containing
promoter. Olson-Paper teaches the mechanism by which the reaction takes place,
namely, an acid gas (e.g., HBr or HCI) reacts with the activated carbon (e.g., Norit
Darco FGD) to form a carbocation paired with an anion (e.g., the CI" or the Br from
the acid gas) in the promoted brominated sorbent.!**” The resulting promoted
brominated sorbent described in Nelson is employed for the purpose of oxidation and
capture of mercury.

978. Olson-Paper describes that activated carbon, particularly the Norit
Darco FGD® disclosed in Nelson, undergoes the following reactions for purposes of
oxidation of elemental mercury:

A refinement of the mechanistic model for Hg’ oxidation and
binding is now proposed that offers more detail on the nature of

the carbon site and its interaction with flue gases and Hg. This
model uses the concept of zig-zag carbene structures recently

1396 Ex. 1012 (Nelson) at 11:17-20.
1397 Ex. 1079 (Olson-Paper) at 979-82.
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proposed for electronic states at the edges of the carbon
graphene layers [8]. In the edge carbene model of Hg capture,
the zig-zag carbon atom positioned between aromatic rings is
hypothesized to be a Lewis base site. The basic carbene cannot
react directly with Hg’, but reacts with HCI to form stable
carbenium ion intermediates, which are then active for binding
HZ’ accepting electrons from the atom (Figure 2). Thus HCI or
other acids promote the oxidation step.'3%®

979. Inthe above passage, Hg’ refers to elemental mercury (i.e., non-oxidized
mercury, with an oxidation state of 0). A person of skill in the art would have
recognized that the “carbenium ion intermediates” disclosed in Olson-Paper is
another term for a “carbocation.” Olson-Paper identifies this carbenium ion
intermediate, or carbocation, as responsible for oxidizing mercury—“promote the
oxidation step,” as described by Olson-Paper. Below is an annotated Figure 2 from
Olson-Paper, showing formation of a carbocation (step 1) and oxidation and capture

of elemental mercury (step 2):'3%

1398 Ex. 1079 (Olson-Paper) at 982 (emphasis added).
1399 Ex. 1079 (Olson-Paper) at 982, Fig. 2.
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Figure 2. Reaction site model for activated carbon.

980. As can be seen in the above figure, annotated from Olson-Paper, a
halogen-containing promoter (e.g., a hydrohalide, HCI), chemically reacts in step 1
with the carbene species (circled in red) at the edge site of a graphene layer (which
contains a sheet of such hexagon rings). The result of step 1, circled in blue, is
formation of a carbocation (indicated by the +) paired with a halide anion (indicated
by the (Cl). The carbon circled in blue (indicated by a vertex with a +) is a
carbocation, because the carbon atom only has 3 bonds to neighboring elements (2
bonds to other carbon atoms, and 1 bond to hydrogen), and thus six electrons in its
valence shell. As shown in step 2, the carbocation paired with the halide anion in the
promoted halogenated sorbent is for oxidation of the mercury. Elemental mercury
(indicated by Hg") is oxidized in step 2 to Hg(II) or Hg?>'—since the elemental
mercury gives up electrons and thus gains a positive formal charge—as evidenced by

the bonding of the mercury to both the adjacent carbon and the halogen atom (Cl).
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This bonding configuration between Hg?" and Cl is consistent with the XAFS spectra
discussed above. 4%

981. Although the example in Olson-Paper expressly identifies hydrochloric
acid (HCl) and chloride anions (CI"), a person of skill in the art would have recognized
that Nelson in view of Olson-Paper teaches the same mechanism for a bromine-
containing promoter, such as HBr. First, Olson-Paper states that the mechanism is
not limited to HC, but is valid for “HCI or other acids.”'*"! A POSITA, in view of
Nelson, would have recognized that such other acids would have included HBr,
especially since the bond dissociation energy for HBr is lower than that for HCI.!40?
Indeed, Fig. 2 of Olson-Paper uses “—X” in the figure to indicate that model is not
limited to a chloride anion, but could include other anions. Nelson describes HBr as
one such exemplary promoter throughout the reference. 4%

982. A POSITA would have been further motivated to combine with Olson-
Paper to propose a model for the reaction chemistry taking place in Nelson, since
both references teach using a halogen with activated carbon to promote capture of

both elemental and oxidized mercury. Nelson expressly discloses using a bromine

promoter, in which both “the elemental mercury and oxidized mercury species there

1400 See State of the Art, above, § XII.C.4.
1401 Ex. 1079 (Olson-Paper) at 982.
1402 See State of the Art, above, § XII.G.2.
1403 See, e.g., Ex. 1012 (Nelson) at 6:10-15, 7:45-51, Fig. 1.
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appear to react with at least one form of the bromine-carbon surface compounds.”!4%

Olson-Paper expressly discloses capture of elemental mercury and oxidized
mercury.'*® A person of skill in the art would have expected that when using the
same brand-name of activated carbon in both Nelson and Olson-Paper (Norit Darco
FGD), that bromine and halogen would follow similar reaction and oxidation
pathways with activated carbon. Indeed, both chlorine and bromine are in the
halogen family, both are well-known oxidizing agents, and both have similar
chemical properties. 4%

983. As further confirmation that my analysis of the disclosure of Olson-
Paper is correct, I note that the depiction of the reaction mechanism is nearly identical

between Olson-Paper (top)'4’” and the *147 patent (bottom).!4%® In both figures, the

carbocation (indicated by the +) is paired with the halide anion.

1404 Ex. 1012 (Nelson) at 6:30-34.
1405 Ex. 1079 (Olson-Paper) at 979, Fig. 2.
1406 State of the Art, above, § § XII.A.1, XII.A.7, XII.C.3, XII.G.2.
1407 Ex. 1079 (Olson-Paper) at 982, Fig. 2.
1408 Ex. 1001 (’147 Patent) at Fig. 2.
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984. And similar to both Nelson and Olson-Paper, the *147 patent also uses
Norit Darco FGD® as the activated carbon sorbent of choice.!*” This is because, as

described by Nelson, “Norit’s Darco FGD® is a common PAC frequently used by

other researchers as a comparative yardstick.”!#1?
1409 Ex. 1001 (’147 Patent) at 5:52-67 (describing Figs. 4-9), 14:40-46,
15:46, 20:48.
1410 Ex. 1012 (Nelson) at 11:17-20.
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6. Claim 1: Element 1(b) — “chemically reacting elemental

mercury in the mercury containing gas with the promoted

brominated sorbent to form a mercury/sorbent chemical

composition; and”

985. This limitation is disclosed by Nelson. This limitation is also obvious

over Nelson in view of Olson-Paper. Nelson describes that the elemental mercury in

the mercury-containing gas chemically reacts with the promoted brominated sorbent

to form a mercury/sorbent chemical composition:

While not intending to be limited by hypothesized chemistry, it
appears that in exposing PAC to concentrated bromine gas, a
relatively large quantity of the bromine reacts with the carbon,
forming surface compounds on the large surface-area of the
carbon. When the PAC is then injected into the flue gas, the
elemental mercury and oxidized mercury species there appear to
react with at least one form of the bromine-carbon surface
compounds that were created and are held fast. When the carbon
particles are removed from the flue gas along with the fly ash by
the electrostatic precipitator (ESP) or fabric filter, the mercury is
removed with them. The mercury sorbents are then disposed of
with the fly ash. Because the mercury has been chemically
adsorbed, rather than just physically adsorbed, the captured
mercury appears to be very stable and does not revolatilize or
leach.!#!!

Mixing with the flue gas, the sorbent adsorbs its elemental
mercury and oxidized mercury species.!*!?

986. The figures of Nelson further quantify how the elemental mercury reacts

with the promoted brominated sorbent. For example, each of Figures 7-11 of Nelson

plot the fractional removal of elemental mercury, as the labels of the y-axis in each

1411
1412

Expert Report of Dr. Stephen Niksa

Ex. 1012 (Nelson) at 6:26-41 (emphasis added).
Ex. 1012 (Nelson) at 9:35-37.
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figure are “Hg(0) Fractional Removal.”!'*!3 The “Hg(0)” refers to elemental mercury.
Nelson further describes that Figure 11 plots “the comparative elemental mercury
performance of a sorbent with this invention with those of other halogen treatments,”
and Figure 12 “presents the comparative capacity increases for both oxidized mercury
(HgCly) and elemental mercury of three sorbents processed according to this
invention.”'"* Figure 12 of Nelson, copied below, indicates that elemental mercury
is chemically reacting with Norit Darco FGD activated carbon promoted by Brx(g),

and Norit Darco FGD promoted by HBr(g).!4!°

Figure 12.

Mercury Capacity of PAC at Initial Breakthrough
with Simulated Flue Gases

2,500 =
|@Elomental Hg |
] Oxldiliiﬂg‘(HDCIZ)
g 2,000 : —
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§ 1,000
E
2 50
2 s
o .

Norit Darco FGD  |Norit Darco FGD  Norit Darco Calgon Carbon

(Untreated) 15wt Br2(qg) 8wt% HBr(g) WPL 22wt% Br2(g)
1413 Ex. 1012 (Nelson) at Figs. 7-11.
1414 Ex. 1012 (Nelson) at 5:40-46 (emphasis added).
14135 Ex. 1012 (Nelson) at Fig. 12 (annotated); see also Figs. 14-15.
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987. In addition to the express disclosures in Nelson, Nelson in view of
Olson-Paper further reinforces to a POSITA that elemental mercury in the mercury
containing gas reacts with the promoted brominated sorbent to form a
mercury/sorbent chemical composition. Olson-Paper states that activated carbon,
particularly the Norit Darco FGD® disclosed in Nelson, undergoes the following
reactions for purposes of oxidation of elemental mercury:

The basic carbene cannot react directly with Hg?, but reacts with
HCI to form stable carbenium ion intermediates, which are then

active for binding Hg?, accepting electrons from the atom (Figure
2).  Thus HCI or other acids promote the oxidation step.!#!¢

988. Inthe above passage, Hg’ refers to elemental mercury (i.e., non-oxidized
mercury). Below is an annotated Fig. 2 from Olson-Paper, showing in step 2 the
reaction between the promoted halogenated sorbent and elemental mercury (Hg°) to

form a mercury/sorbent chemical composition:!#!”

1416 Ex. 1079 (Olson-Paper) at 982.
1417 Ex. 1079 (Olson-Paper) at 982, Fig. 2 (annotated).
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Figure 2. Reaction site mode! for activated carbon.

7. Claim 1: Element 1(c) —“separating particulates from the
mercury containing gas, the particulates including ash and
the mercury/sorbent chemical composition.”

989. This limitation is disclosed by Nelson. Nelson discloses separating

particulates from the mercury containing gas using, for example, a fabric filter and

an electrostatic precipitator (ESP). Nelson states that the “adsorbent material [is]

injected into the flowing gas [i.e., the mercury containing gas], intimately mix[es]

with it, and [is] separated from the gas in a particulate collector.”'*!® Nelson describes

that the removal of particulates includes both fly ash and the mercury/sorbent

chemical composition:

When the carbon particles are removed from the flue gas along
with the fly ash by the electrostatic precipitator (ESP) or fabric
filter, the mercury 1s removed with them. The mercury sorbents
are then disposed of with the fly ash. Because the mercury has
been chemically adsorbed, rather than just physically adsorbed,

1418

Ex. 1012 (Nelson) at 6:2-4.
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the captured mercury appears to be very stable and does not
revolatilize or leach.!'#!’

FIGS. 2 through 6 are schematic diagrams of exhaust gas systems
describing example methods for using the sorbents of the
invention fo remove and sequester mercury from hot combustion
gases. 420

990. Each of Figures 2-4 and 6 individually disclose separating the mercury-
sorbent composition and fly ash from the flue gas.1421

991. “FIG. 2 applies the sorbents to a combustion gas stream where a fabric
filter (baghouse) is utilized to collect the fly ash generated during combustion. ...
Mixing with the flue gas, the sorbent absorbs its elemental mercury and oxidized
mercury species. The sorbent flows with flue gas to a fabric filter 31 and is deposited

on the filter bags in a filter cake along with the fly ash and other gas-stream

particulates.”4*
71
Figure 2.
725% 31
| ) \ 1
Ly 61 ‘ I 62 \%A/ 63,
22 81
1

1419 Ex. 1012 (Nelson) at 6:30-41.
1420 Ex. 1012 (Nelson) at 9:17-20 (emphasis added).
1421 Ex. 1012 (Nelson) at Figs. 2-6. Fig. 5 has the fly ash separated before

the sorbent is injected, using a “TOXECON®” arrangement. Ex. 1012 (Nelson)
at 10:49-61.
1422 Ex. 1012 (Nelson) at 9:22-38 (describing Fig. 2).
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992. Figure 3 depicts the separation of mercury from flue gas in plants that
have an “electrostatic precipitator (ESP) 32 instead of a fabric filter. ... In the ESP
32, the sorbents are collected on plates with the fly ash and upon rapping of the plates
are eventually discharged 81 from the ESP 32 for disposal along with the rest of the

particulates.”!4?

Figure 3.

1"
993. Figure 4 describes separating mercury from flue gas in plants with a
“hot-side” ESP, in which “the air preheater 22 follows the ESP 32. ... The sorbents
would be collected with the other gas stream particulates in the hot-side ESP 32 and

the cleaned gas would proceed through ductwork 65 to the smokestack.”!4%*

1423 Ex. 1012 (Nelson) at 9:55-56, 10:4-8 (describing Fig. 3).
1424 Ex. 1012 (Nelson) at 10:9-26 (describing Fig. 4).
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Figure 4. %

~
/32

|T_V \ 4 iy
5y 64 \A’A/ 65 ] 63

81 22

11

994. Figure 6 depicts separating mercury from the flue gas in plants equipped
with a spray dryer.'*>> Nelson describes flexibility in that the sorbent can be injected
before the spray dryer 41, into the spray dryer, into the ductwork 68, between the

spray dryer and the particulate collector 31 or 32, or mixed within the scrubber

slurry. 1426
71
Figure 6.
72 41 310r32
- C
1 \ 4
,« ( {
v B 62 68 63
21‘(_D v M 51
22
81
11

995. 1 also note that the ’147 patent admits that particulate separators,
including electrostatic precipitators were known in the art:

By way of illustration and not limitation, particulate separator
140 may comprise one or more fabric filters, one or more

1425 Ex. 1020 (Nelson) at Fig. 6.
1426 Ex. 1020 (Nelson) at 10:62-67 (describing Fig. 6).
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electrostatic  precipitators (hereinafter “ESP”), or other
particulate removal devices as are known in the art.'*’

B. Dependent Claims

1. Claim 17

a. Claim 17: Element 17(a)—*“A method according to
claim 1, “further comprising injecting the particulate
sorbent material at a sorbent material injection rate
and injecting separately the bromine containing
promoter into a gas stream”

b. Claim 17: Element 17(b)—*“whereby in-flight reaction
produces the promoted brominated sorbent,”

c. Claim 17: Element 17(c)—*“wherein the promoter is
reacted in the gas phase or as a vapor,”

996. These limitations are disclosed by Nelson. The particulate sorbent

material (powdered activated carbon) is discussed above for Claim Element 1(a)(1).
Nelson shows in Figure 1 that the sorbent material (circled in red) and bromine-
containing promoter are injected separately into a gas stream, in which in-flight

reaction (circled in blue) produces the promoted brominated sorbent:'4?

1427 Ex. 1001 (‘147 Patent) at 8:61-66 (emphasis added).
1428 Ex. 1012 (Nelson) at Fig. 1 (annotated).
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A POSITA would have understood that for sorbent and promoter to be injected, they
must necessarily have been injected at an injection rate. For example, Figures 14
and 15 of Nelson refer to a “Sorbent Injection Rate.”!4%

997. As I discuss for Claim Element 1(a)(2) and also for Claim Element
1(a)(4), the in-flight reaction between a bromine-containing promoter in the gas phase

and the powdered activated carbon produces the promoted brominated sorbent

(shown in purple). Nelson describes that when the “bromine-containing gas, [step] 4

1429 Ex. 1012 (Nelson) at Figs. 14-15.
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... contacts the [PAC] solids, it is quickly adsorbed and reacted with materials.”1*3° 1

note that nothing in claim 17 (or claim 1) of the 147 patent limits the claim to an in-
flight reaction that occurs at the combustion site.

998. As shown in Figure 1 and described by Nelson, the bromine-containing
promoter—Br2(g) and/or HBr(g)—is a gas and that this gas is injected into another
gas stream.!®3! For example, a carrier gas stream is used to transport the bromine-
containing promoter: it may be beneficial to utilize a diluting carrier gas to better
distribute the Brx(g) or HBr(g) among the carbonaceous substrate particles.”!*? A
POSITA would have recognized that this means the promoter is added to a carrier
gas, and that the PAC (carbonaceous substrate) is added to this carrier gas. Nelson
also explains that “any bromine species that are desorbed can be transported to
unsaturated substrate materials [i.e., activated carbon] upstream in the process,
eliminating the need to dispose of the off-gas stream.”'*3*A person of skill in the art
would have recognized that when a “desorbed species” is “transported,” that refers
to movement in a gas mixture. Nelson states that the powdered activated sorbent “is

reduced to a particle size distribution fluidizable in the combustion gas stream prior

1430 Ex. 1012 (Nelson) at 8:9-12 (describing Step 4 of Fig. 1) (emphasis
added).
1431 Ex. 1012 (Nelson) at 6:42-52.
1432 Ex. 1012 (Nelson) at 7:64-66 (emphasis added).
1433 Ex. 1012 (Nelson) at 9:9-12.
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to the injecting step.”!43* The “fluidizable” refers to being transported in gas-phase in
“ductwork,”!**° meaning in a transport gas.

999. I note that the *147 patent employs a similar setup for transporting the
promoter and activated-carbon sorbent, using “transport gas(es)” (purple) for the
purpose of “entraining materials discharged from reservoirs” containing activated
carbon (item 110, red), halogen promoter (item 120, blue), and secondary component

(item 130, brown).!43® Fig. 3 of the *147 patent is annotated below:

1434 Ex. 1012 (Nelson) at 5:4-6; see also Ex. 1012 (Nelson) at claims 4, 5,
8,9,11,14-17, 25.
1435 Ex. 1012 (Nelson) at 6:22, 9:30-33, 9:60-66, 13:59-63, 14:23-26,
15:18-19, claim 25.
1436 Ex. 1001 (‘147 Patent) at 8:25-53, Fig. 3.
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1000. Nelson describes several examples of reactors that can be used for the

in-flight reaction in a gas stream between promoter (Br. and/or HBr) and particulate

sorbent material (powdered activated carbon, PAC) in order to produce the promoted

brominated sorbent with an in-flight reaction:

Note that the bromination step 4 can occur in any number of
possible reactors. The particular equipment used to contact the
carbonaceous substrates with the bromine-containing gas can be,
for example, a stationary mixer, a rotating drum, a structure with
a vertically-moving bed, a fluidized-bed unit, a transport reactor,
or any other contactor known in the art. The manufacturing
process is not limited by the type of process equipment used.
Any equipment or method that quickly and evenly distributes the
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bromine-containing gas to intimately contact the carbonaceous
particles will satisfy the requirements of the invention.!*’

1001. Nelson discloses in-flight bromination of PAC in the gas phase by
explicitly including fluidized beds and transport reactors as suitable means to
brominate PAC, since both systems generate suspensions of PAC in gas mixtures that
contain a bromine compound and thereby sustain spontaneous bromination of PAC.
In both fluidized-bed reactors and transport reactors, the bromine gas and PAC are
injected separately into a gas stream—bromine gas is fed into the bottom through a
distributor plate or injected directly into the bed, whereas PAC is fed from a higher
elevation to fall into the bubbling or dense bottom bed sections.

1002. A person of skill in the art would have understood that in fluidized-bed
reactors, such as those disclosed in Nelson, a gas mixture is introduced through a
distributor at the bottom of the bed that, first, suspends PAC and other solids in a
bubbling bed section and, then, transports elutriated solids out of the bubbling bed
into and through a riser section. The bromine compound can be fed upstream of the
distributor or injected separately into the bubbling bed. The PAC is fed into the top
of the bubbling bed section, where it settles into the bed emulsion in intimate contact

with the gas mixture.'**® The bromine-laden gas mixture contacts both the suspended

1437 Ex. 1012 (Nelson) at 8:57-67.
1438 Ex. 1027 (Steam) at 16-1.
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and elutriated PAC and brominates it until it is recovered in a particle collection
device downstream of the riser outlet.

1003. A person of skill in the art would have also understood that in transport
reactors, such as those disclosed in Nelson, the feeding configuration for the gas
mixture and PAC particles are similar, but the gas flowrates are faster, and thereby
operate in the “fast bubble” hydrodynamic regime, in which open channels penetrate
a small and extremely dense emulsion phase that holds the PAC. Elutriated particles
are again moved along a riser while their bromination continues in-flight.

272. Talso note that the *147 patent employs a similar reactor as Nelson for

the in-flight reaction of bromine and activated carbon:

e ‘““an ebulliated or fluidized bed of base activated carbon, through which
halogen/halide flows in gaseous form or as a vapor.”!4*

e “The halide/halogen gas, for example, gaseous HBr or Brz2, may be
passed through an ebulliated or fluidized bed of granular or fibrous
activated carbon, with the promoted carbon sorbent so produced removed
from the top of the bed via gas entrainment for injection.”!440

1004. Alternatively, I understand that Plaintiffs have contended that supplying
of'a bromide compound that might later change in the combustion system to a gaseous
species such as HBr meets the claim limitations of Claim elements 17(a)-17(c).

Plaintiffs contend that the scope of claim 17 encompasses the situation in which the

1439 Ex. 1001 (‘147 Patent) at 9:61-64.
1440 Ex. 1001 (‘147 Patent) at 10:28-33.
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bromine-containing ingredients that were added to the coal or supplied to the
combustion chamber vaporize and are converted to a promoter. While I do not agree
that this arrangement meets a plain reading of claim 17, such a system is disclosed in
Lissianski-Patent. Lissianski-Patent teaches supplying aqueous NH4Br into Hg
containing flue gas. A POSITA would have recognized that NH4Br was highly
soluble in water, such that in aqueous solution, the ammonium bromide would have
been present as NH4 cations and Br™ anions.

1005. Lissianski-Patent discloses introducing the NH4Br solution into
mercury-containing gas at a temperature of 1600-2000 °F.!**! At this temperature,
the water in the spray droplets simply evaporates to release the Br species into the Hg

containing gas with a gas-phase “Br” concentration of 0.3 or 3 ppm.!'44?

o

30
20 L~ 52 33
g PC
Reburn Coal } N s

14~ Goar} | S
Halogen
Agenl | [N Agent I—v 42
24 b)

22

12 36 )
Fig. 3
1441 Ex. 1036 (Lissianski-Patent) at Abstract, 2:7-10, 3:51-57.
1442 Ex. 1036 (Lissianski-Patent) at 6:57-7:6, Fig. 9.
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1006. Lissianski-Patent discloses that, in the hot flue gas, the NH4BR additive

will thermally decompose to form HBr.!*** The HBr of Lissianski-Patent further

reacts in the flue gas with the improved mercury sorbent of Nelson, as shown below:

Figure 1. ; '}
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! H e
{‘_ Heat ... ..... o

©
inproves "Improved Mercury Sorbent”
Mercury [Nelsom: Figs. 2-6, 6:10-34, 9:30-34]

Mercury-Containing (Flue) Gas

1007. Under Plaintiffs’ theory of infringement, a POSITA would have

recognized that the Br-containing species in Lissianski-Patent would have been

supplied “separately” from the pre-brominated sorbent of Nelson. For example, HBr

is formed at “flue gas temperatures in a range of 1600°F ... to 2300 °F,”!*# with an

1443 Ex. 1036 (Lissianski-Patent) at Abstract, 3:42-50.
1444 Ex. 1036 (Lissianski-Patent) at 3:51-58.
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optimal introduction temperature of approximately 1800°F.!*** Further downstream,
at the temperatures disclosed by Nelson for injecting sorbent (150°C), the Br-species
would have remained in the gas phase when reacting with activated carbon, which
promotes these carbons for both Hg? oxidation and capture of both Hg® and Hg(II).
A person of skill in the art would have understood that the activated carbon would
have been injected at a later (cooler) point in the mercury-containing flue gas, because
a temperature of 1600-2000°F is above the flash point of activated carbon, and would
combust the activated carbon (making it unavailable to adsorb anything). Indeed,
Nelson discloses injecting the activated carbon at a cooler point in the flue gas,
downstream of an air-preheater around 150°C (approximately 300°F).!446

1008. A POSITA would have understood that an in-flight reaction, as required
by Claim Element 17(b), would occur between the HBr of Lissianski-Patent added to
the mercury-containing flue gas, and the previously (partially) promoted activated
carbon of Nelson. With regard to Claim Element 17(c), I understand that Plaintiffs
contend that the scope of claim 17 encompasses the situation in which the bromine-
containing ingredients that were added to the coal or supplied to the combustion
chamber vaporize and are converted to a promoter. Patent Owner contends that this

vaporized bromine “is in gaseous form when it comes into contact with activated

1445 Ex. 1036 (Lissianski-Patent) at Fig. 7.

1446 Ex. 1012 (Nelson) at 8:9-21, 9:21-28 (injection temperature of Figure
2), 13:30-32, 18:4-7.
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carbon,” in other words when the bromine-containing promoter flows as part of the

flue gas.

Memury
Sarbent

[Nelson: Figs. 2-6, 6:10-34, 9:30-34]

imgroes } "|mproved Mercury Sorbent”

* Mercury-Containing (Flue) Gas

1009. As described above regarding claim 1, a POSITA would have
understood that HBr(g) chemically reacts with and promotes activated carbon to form
a promoted brominated sorbent. Much like “gaseous hydrogen bromide, HBr(g)”
was used to manufacture the improved mercury sorbent in Nelson,'*’ Lissianski-
Patent discloses using the same gaseous HBr(g) to further promote the improved
sorbent, thus meeting Claim Element 17(c).'**® Also, the HBr(g) provided by
Lissianski-Patent (orange, above) would have been available to react with the sorbent
of Nelson (purple), and would not have been completely consumed in oxidizing
mercury. The gas-phase Br concentration is 300-3000 times greater than the gas-
phase mercury concentration (0.3-3 parts per million v. 10 parts per billion).'**

d. Claim 17: Element 17(d)—*“wherein the promoter is

added at from about 1 to about 30 grams per 100 grams
of the sorbent material.”

1447 Ex. 1012 (Nelson) at 6:10-13; see also 14:50.
1448 Ex. 1036 (Lissianski-Patent) at 3:41-49.
1449 Ex. 1036 (Lissianski-Patent) at 6:33-40, 6:62-67.
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1010. Claim Element 17(d) states that the “promoter is added at ... ,” but does
not state where the promoter is added. In particular, Claim Element 17(d) does not
specify whether: (i) the “promoter is added [to the sorbent] at from about 1 to about
30 grams per 100 grams,” or (i1) the “promoter is added [to a gas stream] at from
about 1 to about 30 grams per 100 grams.” Claim Element 17(d) is obvious over
Nelson in view of Olson and/or Lissianski-Patent under either interpretation.

1011. Nelson expressly describes the first interpretation: that the promoter is
added to the sorbent at from about 1 to about 30 grams per 100 grams of sorbent.
Nelson describes a ratio that is the same range, 1-30%, as that of this limitation:

Any level of bromination of carbonaceous substrates appears to
increase their mercury-removal performance. While over 30 wt
% of Br, (g) can be adsorbed into some powdered activated
carbons, for example, significant increases in mercury reactivity
will be observed with only about 1 wt % Br; (g) in the PAC.
Greater degrees of bromination do correlate with greater
maximum mercury capacities for a particular carbonaceous sub
strate.!4%°

1012. Nelson discloses in other places ratios of promoter added to sorbent
within the claimed range:

The gas-phase bromine treatment of this invention has been
tested on many different commercially-available powdered
activated carbons (PACs). Each has been found to be easily
brominated to at least 15 wt % Br, including PACs from ... Norit.
Norit’s Darco FGDO is a common PAC frequently used by other
researchers as a comparative yardstick.!*! In this example, a

1450 Ex. 1012 (Nelson) at 8:35-42.
1451 Ex. 1012 (Nelson) at 11:11-19.
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Norit Darco FGD PAC was brominated according to the
invention to 10 wt % with Bra(g).!4>

1013. Nelson further includes a table showing the “Final Loading on FGD

PAC (wt %),” including bromination within the 1-30% weight ratio:!**?

Adsorption Rate

Final Loading Concentration in

. (gm ol gas) 2 p
Gaseous on FGD PAC Ty P Y Storage Vessel
Halogen (wt %) kg PAC> min) (ppm)
Br, (g) 5% 10 0
Br, (g) 15% 10 0.5
HBr (g) 9% ] NA
Cl, (®) 13% 0.1 >40

1014. Figures 7-15 of Nelson all include bromine promoter added from about
5-22 grams per 100 grams of sorbent, which falls within the range recited in claim
17.1454

1015. As for the second interpretation, although Nelson does not expressly
state the ratios of concentration in the gas-phase of HBr to activated carbon, or Br: to
activated carbon, it would have been obvious to a person of skill in the art that the
ratio of bromine-containing promoter to sorbent in the gas stream would have been

similar the ratio on the sorbent. For example, Nelson discloses that the reaction

1452 Ex. 1012 (Nelson) at 12:9-10; see also Ex. 1012 (Nelson) at 13:23-26
(Example 4, “15 wt% brominated sorbent of this invention™), 15:35-39
(Example 7, “PACS brominated with Br, to 5 wt % and 15 wt %, and with HBr
to 9 wt %7); 15:42-46 (Example 8, “15 wt%-brominated sorbent™).

1453 Ex. 1012 (Nelson) at 14:55-63.
1454 Ex. 1012 (Nelson) at Figs. 7-15.
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between activated carbon and bromine-containing promoter takes place at 150 °C.14%
A POSITA would have understood that at such a temperature, and given the highly
reactive nature of HBr and Br, towards activated carbon, the promotion of activated
carbon would have taken place spontaneously. Indeed, Nelson describes that the
bromine-containing promoter is strongly held to the sorbent, such that even after
storage “for a few days,” there was a concentration of 0 ppm promoter that had
desorbed from the sorbent when brominated to 5 wt % (using Br,) and 9 wt % (using
HBr). 1456

1016. Lissianski-Patent discloses supplying promoter into the mercury-
containing gas to provide bromine concentrations in the flue gas of 0.3 ppm and 3
ppm (parts per million).!*” Given that the improved mercury sorbent of Nelson was
already loaded with 1 - 15% bromine (1.5 wt%, 5 wt %, 10 wt%, 15 wt% in Figure
14), a POSITA would have chosen the smaller value of 0.3 ppm bromine (instead of
3 ppm bromine), especially in view of Lissianski’s teaching that “a presence of only

0.3 ppm of bromine in flue gas results almost in the same effect as 3 ppm of

1435 Ex. 1012 (Nelson) at 8:14-18, 9:25-29, 13:30-32, 16:49-51, 18:5-7,
18:23-26.
1456 Ex. 1012 (Nelson) at 14:55-15:3.
1457 Ex. 1036 (Lissianski-Patent) at 6:62-67, Fig. 9.
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chlorine.”!*® Nonetheless, whether a POSITA were to select 0.3 ppm or 3 ppm, the
ratio would still be adding from about 1 to about 30 grams promoter (from Lissianski)
per 100 grams of the sorbent material (from Nelson).

1017. In order to determine a ratio of bromine concentration in the mercury-
containing gas (as per Lissianski-Patent) to sorbent in the flue gas (as per Nelson),
the concentrations must have the same units. Converting between ppm (rate of Br
addition, per Lissianski-Patent) and pounds/MMACF (sorbent injection rate, per
Nelson) would have been routine to a POSITA. In this case, converting both values
to a grams/MMACEF basis is the most convenient for comparison, and requires the
fewest assumptions (the only assumptions being the flue-gas pressure). Such a
routine conversion of units would have involved such basic concepts as the ideal gas
law (to convert concentrations between temperatures and pressures), which was
taught in first semester undergraduate chemistry to a person of skill in the art. Such
a unit conversion would have also involved basic engineering knowledge of a power-
plant operation, such as a typical flue gas pressure. This would have been well-
known to a POSITA.

1018. A POSITA would have understood from the ideal gas law that the

density of a gas is proportional to pressure and inversely proportional to temperature.

1458 Ex. 1036 (Lissianski) at 6:62-67.
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A POSITA would also have known that a typical flue gas temperature where sorbent
would be injected is 150 °C (423 K) and also 1 atm of pressure. Indeed, Nelson
teaches 150 °C as the injection temperature for the sorbent,'*° and Lissianski-Patent
discloses this temperature.'*®® Last, a POSITA would have found in readily available
tables of unit conversions and/or basic chemistry books the following constants:

e 1 Actual Cubic Feet (ACF) =1 ft® =28.3168 L.

e | MMACF = 10° ACF

e Universal gas constant (R) = 0.082058 (L*atm) / (mol*K)
e Molecular weight of Br = 79.904 g/mol

273. Based on the above constants and relationships, the concentration of

active-carbon sorbent in the flue gas from Nelson can be calculated as:

3.7 pounds PAC  453.592 grams grams Activated Carbon

X = 1,678.29
MACF pound MACF

Based on the above constants and relationships, the concentration of HBr in the flue

gas can be calculated as follows:

g Br

0.3 mol HBr (79.904 g Br

= 24x107°
106 mol flue gas )

1 mol Br

mol flue gas

A POSITA would have readily been able to convert the flue gas from a molar basis

(mol) to a volumetric basis (ACF) as follows:

1459 Ex. 1012 (Nelson) at 8:14-18, 9:25-30, 13:30-32, 16:49-51, 18:1-7,
18:23-26.
1460 Ex. 1036 (Lissianski-Patent) at Fig. 9.
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Latm ACF
ACF flue gas (423 k) X (0-082058 mol K) X283L _ 1.226 ACF flue gas

mol flue gas 1 atm mol flue gas

Combining the above equations to calculate the grams HBr per MACF flue gas:

g Br 1mol flue gas _ 10°ACF _ g Br

2.39 x 1073 X X = 19.
mol flue gas 1.226 ACF MACF MACF

274. Thus, when comparing the application rate of the additional bromine
promoter described by Lissianski-Patent (0.3 ppm, or 19.55 g / MACF), and the
injection rate of the sorbent described by Nelson (1,678 g / MACF), there 1s 1.17
grams of bromine-containing-promoter added to the gas stream per 100 grams of
activated carbon. And using the higher number disclosed in Lissianski-Patent for
the bromine-addition rate (3 ppm), the ratio would be 11.7 grams of bromine-
containing promoter added to the mercury-containing gas per 100 grams of activated
carbon. Each of these numbers are within the range of adding promoter from about
1 to about 30 grams per 100 grams of the sorbent material.

1019. I also note that Claim Element 17(d) is merely an attempt to claim a
workable range for combining a conventional halogen (bromine) being used in a
conventional way (to promote activated carbon) with a conventional sorbent
(activated carbon). Nothing in the *147 patent specification attributes significance to
the claimed range or establishes that the claimed range achieves unexpected results.
The range presents nothing more than optimization of result-effective variables that

would have been obvious to a POSITA. Through routine process optimization and
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routine experimentation, a POSITA would have adjusted the rate of addition of the
promoter and/or the rate of addition of the sorbent material to achieve a range from
about 1 g to about 30 g of promoter per 100 grams of the sorbent material, under
either interpretation of Claim Element 17(d) to achieve more-optimum application of
promoter and sorbent, from the standpoint of maximizing the marginal-benefit.
Moreover, the range is approximate, as claim 17 recites “from about 1 to about 30”
for the ratio and indicates in the specification that less than 1 gram of bromine may
be taken up by 100 g of activated carbon.!*! The range presents nothing more than
optimization of result-effective variables that would have been obvious to a POSITA.

2. Claim 18. “A method according to claim 17, wherein the gas
stream is a mercury containing gas.”

1020. Regarding Claim 18, as I have described throughout this section, the
additional promoter of Lissianski-Patent and the pre-brominated sorbent of Nelson
react in-flight with one another in a mercury-containing (flue) gas.

3. Claim 19. “A method according to claim 18, wherein the
gas stream is a transport gas.”

1021. I understand that Plaintiffs have alleged that any gas that is being

transported is a transport gas. Under this theory, the mercury containing gas of

1461 Ex. 1001 (‘147 Patent) at claim 17 (emphasis added), 19:64-67 (“The
amount of bromine taken up by the carbon ranges (in one example) from <1 to
about 30 g per 100 g of activated carbon, depending on the proportions used.”).
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Nelson or Lissianski Patent qualify as transport gas. Figure 1 of Nelson, for example,
show the gas being transported in a stream through the figure.

1022. Lissianski-Patent states that additional bromine-containing promoter
can be introduced by using “air, recycled flue gas, nitrogen or another carrier gas” in
order to improve mixing.'*? In combination with Nelson, the mercury-containing
flue gas is a transport gas, which transports the additional bromine-containing
promoter of Lissianski-Patent to the improved mercury sorbent of Nelson.

1023. Lissianski-Patent describes supplying the additional bromine-containing
promoter to a mercury-containing flue gas.!*®* Lissianski-Patent also describes that
the flue gas flows downstream, such as to an SCR unit or particulate collection
devices:'*** A POSITA would have recognized that as the mercury-containing flue
gas flows downstream, the entrained additional bromine-containing promoter (e.g.,
HBr) flows with the flue gas and is transported by it. As described in the Reasons to
Combine and for claims 17-18, it would have been obvious to a POSITA that the
additional bromine-containing promoter of Lissianski-Patent would have been

introduced upstream of the improved mercury sorbent of Nelson. That promoter

1462 Ex. 1036 (Lissianski-Patent) at 4:20-23; see also claim 24 (“air,
recycled flue gas and nitrogen gas”).

1463 Ex. 1036 (Lissianski-Patent) at 3:42-48.

1464 Ex. 1036 (Lissianski-Patent) at 4:14-59, Figs. 1-3.
Expert Report of Dr. Stephen Niksa Page 659

Exhibit 2011
Page 668



would be transported with the mercury-containing flue gas downstream to the
improved mercury sorbent of Nelson.

4. Claim 20. “A method according to claim 17, wherein the
promoter injection rate and the sorbent injection rate into
the gas are determined at least in part on the monitored
mercury content of the cleaned gas.”

1024. The limitations added in Claim 20 are obvious in light of Nelson. Claim
20 recites “the cleaned gas,” but does not expressly state which “cleaned gas” is being
referenced. Claim 20 will be analyzed as if “the cleaned gas” were to mean a gas
from which particulates including ash and the mercury/sorbent chemical composition
has been separated, pursuant to Claim Element 1(c).

1025. The limitations added in Claim 20 are obvious in light of Nelson.
Nelson discloses an analyzer for monitoring gas-phase mercury content.!*®> In
particular, continuous mercury monitors (“CEMs”) are used to measure mercury
concentrations of the cleaned gas:

In these trials, the mercury was measured using a speciating PS
Analytical Sir Galahad continuous mercury monitor. Inlet

mercury values were obtained by sampling upstream of the

sorbent injection point and outlet mercury was measured at the
stack. 466

1026. The “outlet mercury was measured at the stack” refers to measuring the

mercury content of the cleaned gas. Nelson explains that throughout the figures,

1465 Ex. 1012 (Nelson) at 11:50-56, 13:63-67.
1466 Ex. 1012 (Nelson) at 15:14-17.
Expert Report of Dr. Stephen Niksa Page 660

Exhibit 2011
Page 669



“Mercury levels both into and out from the materials were measured with a gas-phase
elemental mercury analyzer.”!*” Again, the “out from the materials” in Nelson refers
to monitoring the mercury content of the cleaned gas. I also note that Nelson and the
147 patent disclose the same manufacturer and model of mercury monitor-a Sir
Galahad monitor from P.S. Analytical.'4%

1027. Nelson further provides small-scale and commercial-scale test data, as
evidenced by Figures 14 and 15, respectively, that increasing the total bromine added
to the system reduces mercury concentration in the flue gas. Figure 14 simulates the
mercury capture in a coal-fired plant at small scale, and Figure 15 “indicates the
mercury capture capabilities in an actual coal-fired” plant.'**”> In these figures,
Nelson discloses that the monitored mercury content (Y-axis) of the cleaned gas
depends on: (1) “injection rate” of promoted sorbent (X-axis); and (i1) composition
of the promoted sorbent (as represented by the different data sets, such as 1.5%, 5%,

10%, and 15%).

1467 Ex. 1012 (Nelson) at 11:50-52.
1468 Ex. 1012 (Nelson) at 15:14-17; Ex. 1001 (‘147 Patent) at 15:30-32,
19:37-40.
1469 Ex. 1012 (Nelson) at 5:51-59.
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Figure 14.

Duct-njection Pilot Plant with ESP Figure 15.

Lausche Plant Duct-Injection ESP Trials
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Mercury content of the cleaned gas was measured using a “continuous mercury
monitor.” """ Nelson discloses the same manufacturer and model of mercury monitor
as the *147 patent.”!47!

1028. Based on Figures 14-15 of Nelson, it would have been obvious to
determine a desired sorbent-injection rate and a sorbent composition “at least in part
on the monitored mercury content.” For example, if measured mercury content in the
cleaned gas were too high when using sorbent with 5 wt% bromine, it would have
been obvious to either increase the sorbent-injection rate (X-axis) or use a sorbent
composition with a different amount of bromine (e.g., 15 wt% bromine). A POSITA
would have known that the sorbent composition of Figures 14-15 depends on the

promoter injection rate used to manufacture that promoted sorbent off-site.

1470 Ex. 1012 (Nelson) at 11:50-56, 13:63-67.

1471 Ex. 1012 (Nelson) at 15:14-17; Ex. 1001 (‘147 Patent) at 15:30-32,
19:37-40.

Expert Report of Dr. Stephen Niksa Page 662

Exhibit 2011
Page 671



Ex[1012], Fig. 1. For example, Claim 20 does not require that sorbent and promoter
injection rates “are determined” at the same time. Nor does it require continuously
monitoring mercury content, continuously adjusting sorbent injection rate and
promoter injection rate, or sending or receiving control feedback signals. As such, it
would have been obvious to determine the promoter injection rate “at least in part on
the monitored mercury content.” Further, it was well-known in the art, and discussed
by EPA, that when using halogens with activated-carbon sorbent, “the amount of
sorbent needed” and “the amount of Cl [halogen] present” are two primary variables
to control mercury removal. !4’

1029. In addition to the reasons provided in Ground 1, Claim 20 is also obvious
over Nelson in view of Olson-Paper and Lissianski-Patent. As discussed for Claims
17-18 (Ground 2), the promoted sorbent of Nelson is a “sorbent.” Figures 14-15 of

Nelson disclose that monitored-mercury content of cleaned gas (brown, Y-axis)

depends on “sorbent injection rate” of promoted sorbent (red, X-axis).

1472 Ex. 1009 (EPA-Proposal) at 4676.
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Mercury Removal (%)

Figure 14.
Duct-Injection Pilot Plant with ESP

Figure 15.
Lausche Plant Duct-Injection ESP Trials
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1030. Based on Figures 14-15, it would have been obvious to determine a

part on the monitored-mercury content.

Expert Report of Dr. Stephen Niksa

measuring mercury and determining which “sorbent injection rate” to use.

desired sorbent-injection rate “at least in part on the monitored mercury content”™—

A

POSITA would have also found it obvious to determine the injection rate of an

additional halogen-containing promoter (as disclosed by Lissianski-Patent) at least in
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