








Similarly, the below chart shows the effects of activated carbon injection rates for

testing using the system of Sjostrom.*!°!

1354. 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 %.

1355. 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

2101 Ex. 1010 (Sjostrom) at 20.
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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

sorbent into the mercury-containing gas, the amount of additive in the mixture, or a

combination thereof.

1356. The below figure from Sjostrom shows that the testing focused on a

“Proposed Limit.?!%
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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

2102 Ex. 1010 (Sjostrom) at 22.
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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.
1357. Eckberg also suggest further testing to balance the amount of additive
injection to limit effects such as boiler corrosion and air heater plugging.?!®
1358.
8. Claim 11: “The method of claim 10, wherein the measuring

of the mercury content comprises continuous
measurement.”

1359. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 24 of the '225 patent. ME2C's
infringement contentions do not include claim 24 of the '225 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

9. Claim 12: “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 Br2, HBr, the bromide

compound, or a combination thereof, added to the coal or
the combustion chamber, or a combination thereof.”

2103 Bx. 1011 (Eckberg) at 16.
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1360. The language of claim 12 is substantially identical to the language of
claim 10. Accordingly, the explanation I provide above for claim 10 applies equally
to claim 12.

10. Claim 13: “The method of claim 1, wherein the mercury-

containing gas comprises about 1 g to about 30 g of the
element bromine per 100 g of the sorbent.”

1361. This limitation is obvious over Sjostrom in view of Eckberg. Claim 13
is merely an attempt to claim the optimum or workable range for a process of
combining a particular conventional halogen (bromine) being used in a conventional
way (halogens are inherent to coal, and both oxidize mercury and promote activated
carbon) with a conventional sorbent (activated carbon). Nothing about the particular
range of 1 g to about 30 g of the halide promoter per 100 g of the sorbent would lead
to an unexpected result from what was already known to one of skill in the art.

1362. As described in the State of the Art,>'%* it was known that the saturation
limit of activated carbon for bromine (i.e., how much bromine the activated carbon
can actually adsorb at equilibrium), was up to 31 to 38 grams per 100 grams of
activated carbon. Given the residence times in flue gas, and other inefficiencies, a
person of ordinary skill in the art would have understood that the actual bromine

loaded onto activated carbon would have been less than the saturation limit.

2104 State of the Art, § XII.C.3.
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1363. A person of ordinary skill in the art would have recognized that there
would be sufficient bromine in the flue gas, according to Sjostrom’s processes, to
provide a ratio of between 1 g to 30 g of bromine per 100 g of activated carbon. For
example, Sjostrom teaches mercury-removal results similar to Eckberg, using an
injection rate of 1 Ib/MMacf activated carbon (FGD) at 290 °F in connection with
an unspecified quantity of KNX (bromine)*'®® Eckberg discloses a bromine
concentration in the flue gas for a nearly identical system was 48 ppm or 50 ppm
that results in “81% overall removal” of mercury.?!% A person of ordinary skill in
the art would have been motivated to take advantage of the saturation limits of
activated carbon, and seek to load the activated carbon with up to nearly its saturation
limit, because it was known in the art that halides “improve[d] Hg capture both by
conversion of the Hg’ to the more easily removed Hg?" forms and by enhancing the
reactivity of Hg® with activated carbons.”?!%’

1364. Through routine process optimization and routine experimentation, a
person of ordinary skill in the art would have adjusted the bromine injection rate

and/or activated carbon injection rate to achieve an additive on the activated-carbon

sorbent from about 1 g to about 30 g.

2105 Ex. 1010 (Sjostrom) at 16.
2106 Ex. 1011 (Eckberg) at 9, 14.
2107 Ex. 1062 (Crocker) at 2-3.
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11. Claim 14: “The method of claim 1, wherein the sorbent
contacted with the mercury comprises the element bromine
and mercury.”

1365. This limitation is disclosed by Sjostrom. For instance, Sjostrom
discloses adding "Br" to the combustion chamber at Addition Location 2, before the
combustion chamber at Addition Location 1, or at the sorbent injection device at
Addition Location 3, where the sorbent comprises Br and PAC, as annotated

below:2108

memuw Removal for ~y

Western Coals

Wy

Cl, Br,F, 1

12. Claim 15: “The method of claim 1, comprising removing
oreater than 70 wt % of the mercury in the mercury-
containing gas.”

1366. This limitation is disclosed by Sjostrom. Sjostrom includes numerous

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

2108 Ex. 1010 (Sjostrom) at 4.
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example, the below chart shows the mercury removal from testing at a plant using

the system of Sjostrom.>!%

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

the system of Sjostrom.?!!°
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13. Claim 16: “The method of claim 1, comprising removing
greater than 70 wt % of the mercury in the mercury-
containing gas with the sorbent.”

2109 Ex. 1010 (Sjostrom) at 16.
2110 Ex. 1010 (Sjostrom) at 20.
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1367. The language of this claim element is substantially similar to that of
claim 15. Accordingly, the explanation I provide above for that claim applies equally
to these claim elements.

14. Claim 17: “The method of claim 1, wherein the sorbent in
the mercury-containing gas comprises about 1 g to about 30

g of the added Br2, HBr, the bromide compound, or a
combination thereof, per 100 g of the sorbent.”

1368. The language of this claim element is substantially similar to that of
claim 13. Accordingly, the explanation I provide above for that claim applies equally

to these claim elements.

15. Claim 18: “The method of claim 1, wherein the Br2, HBr,
or the bromide compound is contacted with the sorbent in
vapor form, gaseous form, liquid form, or in an organic
solvent.”

1369. This limitation is obvious over Sjostrom in view of Eckberg. 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.?!!?

21 Ex. 1010 (Sjostrom) at 4.
2112 Ex. 1010 (Sjostrom) at 20
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ancing Mercury Removal for ‘
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1370. 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.2'!3

Addition Location 2 of Sjostrom discloses injecting bromine into the
boiler.2!'* A POSITA would have found it obvious that the “Br” of Sjostrom could
be a widely available bromine-containing material, such as HBr or an aqueous
solution of a bromide salt, such as CaBr,, for Addition Location 1 and Addition
Location 2. Further, Sjostrom teaches the addition of “KNX (Alstom Power).”?!1
KNX was a known aqueous solution of a bromide salt additive developed for

enhanced mercury control. A POSITA would have found it obvious that an aqueous

bromide salt solution, such as CaBr», would dissociate to form Br~ ions.

2113 Ex. 1010 (Sjostrom) at 4 (annotations in red).
2114 Ex. 1010 (Sjostrom) at 4 (annotations in red).
2115 Ex. 1010 (Sjostrom) at 23.
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1371. As shown in the figure below, Eckberg teaches “chemical injection” to

the boiler.2!!6

& Chemical Injection
Limestone Station Unit 1

Serubbser
Madules

T =

1372. Specifically, Eckberg teaches injection of “CaCl; (25 wt%)” and

“CaBr2 (52 wt%)” into the boiler.?!!'” Further, Eckberg explains that the CaBr; salt

is injected at a “Liquid Salt Feed Rate (gpm).”?!!®

1373. A POSITA would have known that the Br injected in Sjostrom would

have been in the form of an aqueous bromide salt solution as taught by Eckberg. A

POSITA would have understood that at combustion temperatures found within the

boiler, at least a portion of the Br ions injected at either Addition Location 1 or

Addition Location 2 would have evaporated leaving the boiler as HBr in the vapor

phase. Once the HBr reached the sorbent injection location, it would make contact

with the injected sorbent.

2116 Ex. 1011 (Eckberg) at 5.
2117 Ex. 1011 (Eckberg) at 9.
2118 Ex. 1011 (Eckberg) at 9.
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16. Claim 19: “The method of claim 1. wherein the activated
carbon comprises powdered activated carbon, granular
activated carbon, or a combination thereof.”

1374. This limitation is disclosed by Sjostrom. Sjostrom repeatedly discusses

the use of activated carbon.?!!® Further, Sjostrom includes test results of “Untreated

PAC Injection into ESP” for “PRB and Lignite Coals.”*'?° A POSITA would have

known that PAC stood for “powdered activated carbon.” Sjostrom also discusses

testing done with the injection of “DARCO FGD” sorbent.?'?! A POSITA would

have known that DARCO FGD was a well-known type of powdered activated-

carbon sorbent.?'%?

17. Claim 20: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is a sorbent
obtained by contacting a sorbent with a halogen or halide
promoter prior to the injection of the sorbent into the
mercury-containing gas.”

1375. ME2C did not provide infringement contentions for this claim. ME2C's

infringement contentions cross reference claim 14 of the '114 patent. ME2C's

infringement contentions do not include claim 14 of the '114 patent. ME2C's final

contentions hew to this position, and thus ME2C 1s apparently not asserting this

claim. Therefore, no analysis regarding this element is required.

2119 Ex. 1010 (Sjostrom) at 10, 20, 34.

2120 Ex. 1010 (Sjostrom) at 20.

2121 Ex. 1010 (Sjostrom) at 15, 16,

2122 See, e.g., State of the Art, Sections XII.C.3, XII.G.2.
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18. Claim 21: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is free of contact
with a halogen or halide promoter prior to injection of the
sorbent into the mercury-containing gas.”

1376. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 13 of the '114 patent. ME2C's
infringement contentions do not include claim 13 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

19. Claim 22: “The method of claim 1, wherein the combustion
chamber comprises a boiler.”

1377. This limitation is disclosed by Sjostrom. As discussed for claim
element 28(a), Sjostrom discloses combusting coal in a combustion chamber (e.g.,
boiler) to form a mercury containing flue gas stream.

20. Claim 23: “The method of claim 1, wherein the mercury-
containing gas is a flue gas.”

1378. This limitation is disclosed by Sjostrom. Sjostrom discloses testing
performed on the treatment of mercury-containing gas from a coal-fired power plant.
A POSITA would have known that the mercury-containing exhaust gas from coal-
fired power plants was commonly referred to as “flue gas.” For example, Sjostrom

discloses testing on coal-fired power plants according to the following schematic.?!?3

2123 Ex. 1010 (Sjostrom) at 4.
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Further, Sjostrom expressly includes discussion of sampling and injection of “Flue
Gas Flow.2!%

21. Claim 24: “The method of claim 1, wherein the injection of
the sorbent into the mercury-containing gas occurs
upstream of a particulate separator, a scrubber, or a
combination thereof.”

1379. This limitation is disclosed by Sjostrom. As shown in the annotated

figure below, Sjostrom described certain tests involving sorbent injection

downstream of the boiler.?'®

2124 Ex. 1010 (Sjostrom) at 19.
2125 Ex. 1010 (Sjostrom) at 4 (annotations in red).
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The sorbent injection system of Sjostrom is shown upstream of an ESP or FF.2126 A

POSITA would have understood that ESPs and FFs were well-known particulate

separators and would be used to collect the mercury-sorbent composition (and thus

be downstream of where the mercury-sorbent composition is formed).?!?’

22. Claim 25: “The method of claim 24, wherein the particulate
separator comprises a baghouse, an electrostatic
precipitator, a fabric filter, or a combination thereof.”

1380. Sjostrom discloses this claim. The explanation I provide above for
claim 24 applies equally to these claim elements.
1381. Sjostrom further discloses the method of claim 24, which is described

in the above section.

2126 Ex. 1010 (Sjostrom) at 4.
2127 State of the Art, § XII.B.5.a
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D. INDEPENDENT CLAIM 29

1. Claim 29: Element 29(a): “A method of separating mercury
from a mercury-containing gas, the method comprising:”

1382. The language of the preamble of claim 29 is identical to the preamble
of claims 28 and 1. Accordingly, the explanation I provide above for the preamble
of claim 28 applies equally to the preamble of claim 29.

2. Claim 29: Element 29(b): “combusting coal in a combustion
chamber, to provide the mercury-containing gas, wherein
the mercury-containing gas comprises a halogen or halide
promoter comprising HBr, Br—, or a combination thereof,
wherein”

1383. The language of this claim element is identical to claim element 28(b).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

3. Claim 29: Element 29(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound. or a
combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,
HBr, a bromide compound, or a combination thereof, or a
combination thereof;”

1384. The language of this claim element is identical to claim element 28(c)-
(e). Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.
4. Claim 29: Element 29(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas

downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide promoter
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in the mercury-containing gas to form a promoted

sorbent;”

1385. The language of this claim element is identical to the first portion of
claim element 28(f). Accordingly, the explanation I provide above for those claim
elements applies equally to this claim element.

1386. In addition, the bromine added at Addition Location 1 or Addition
Location 2 of Sjostrom would contact the sorbent in the flue gas at or downstream

of the sorbent injection point at Addition Location 3.2!%8

" Enhancing Mercury Removal for _-7

Western Coals
Cl,Br, F, |

Sorbent Cl,Br,F, |
I \{E] mpcaon/ E
' (S A%

o | S
\\ // - 5 ‘
Ash and
/E Sorbent

Cl, Br,F, |

Cava-es

1387. At least a quantity of promoted sorbent would have formed as a reaction
between the sorbent and halogen upon contact. The reaction would take place at or
after the sorbent injection point, at Addition Location 3. It was well-known in the art

that halogens (including bromine) "promoted" activated carbon sorbents because

2128 Ex. 1010 (Sjostrom) at 4.
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they improved mercury removal by increasing the ability of the activated carbon to
bind with the mercury.

5. Claim 29: Element 29(g): “contacting mercury in the
mercury-containing gas with the promoted sorbent;”

1388. The language of this claim element is identical to claim element 28(g).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

6. Claim 29: Element 29(h): “separating the promoted sorbent
contacted with the mercury from the mercury-containing

gas;”

1389. The language of this claim element is identical to claim element 28(h).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

7. Claim 29: Element 29(i)-(m): “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 Br2, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1390. The language of this claim element is identical to that of claim 10.
Accordingly, the explanation I provide above for that claim applies equally to these
claim elements.

XLIII. GROUND Y: OBVIOUSNESS OF THE ’430 PATENT OVER
SJOSTROM IN VIEW OF OLSON-646
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1391. It is my opinion that Sjostrom in view of Olson-646 render obvious
each of claims 1-4, 6- 8, 10-25, 28-29 of the ’430 Patent.

A. INDEPENDENT CLAIM 28

1. Claim 28: Element 28(a): “A method of separating mercury
from a mercury-containing as [sic], the method

comprising:”

1392. As discussed regarding the preamble of claim 28 (element 28(a)), in
Ground X above, the preamble is disclosed by Sjostrom. My analysis with regards
to the disclosure of Sjostrom regarding this element for Ground X applies equally
here.

2. Claim 28: Element 28(b): “combusting coal in a
combustion chamber, to provide the mercury-containing
gas, wherein the mercury-containing gas comprises a

halogen or halide promoter comprising HBr, Br—, or a
combination thereof, wherein”

1393. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

3. Claim 28: Elements 28(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound, or a
combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,
HBr., a bromide compound, or a combination thereof, or a
combination thereof,”
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1394. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1395. 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
form” that comprises “gaseous HBr or Br,.”?!3?

1396. Olson-646 also discloses a mercury control system 100 wherein
activated carbon (from base activated carbon reservoir 110) is reacted with a
bromine-containing reagent (from halogen/halide promoter reservoir 130) to form
promoted activated carbon, and then injecting the promoted activated carbon into

the mercury-containing flue gas stream 15 at injection point 116 resulting in a

reduced mercury flue gas 25.213!

2129 Ex. 1014 (Olson-646) at 9 [0043].
20 Ex 1014 (Olson-646) at 9 [0066].
2131 Ex. 1014 (Olson-646) at 9 [0056], [0057], [0061], Fig. 3.
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FIC.3

1397. Olson-646's disclosed embodiments reduce “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.”?!3?

1398. As described above in the Reasons to Combine section, a POSITA

would have been motivated, and expected a reasonable chance of success, to apply

the teachings of Olson-646 (e.g., to utilize HBr and/or Br2, which are widely

2132 Ex. 1014 (Olson-646) at 9 [0022]
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obtainable and affordable forms of bromine, to implement known process techniques
to reduce mercury in flue gas) to the system of Sjostrom.
4. Claim 28: Elements 28(f): “injecting a sorbent comprising

activated carbon into the mercury-containing gas
downstream of the combustion chamber:”

1399. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1400. In addition, Olson-646 also discloses injecting the promoted activated
carbon into the mercury-containing flue gas stream 15 at injection point 116
52133

resulting in a reduced mercury flue gas 2

5. Claim 28: Elements 28(g): “contacting mercury in the
mercury-containing gas with the sorbent; and”

1401. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

6. Claim 28: Elements 28(h): “separating the sorbent

contacted with the mercury from the mercury-containing
99

gas.

1402. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this

element for Ground X applies equally here.

2133 Ex. 1014 (Olson-646) at 99 [0056], [0057], [0061], Fig. 3.
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B. INDEPENDENT CLAIM 1

1. Claim 1: Preamble—“A method of separating mercury
from a mercury-containing gas, the method comprising:”

1403. The language of the preamble of claim 1 is identical to the preamble of
claims 28 and 29. Accordingly, the explanation I provide above for the preamble of
claim 28 applies equally to the preamble of claim 1.

2. Claim 1: Element (1)(b)—*“combusting coal in a
combustion chamber, to provide the mercury-containing

gas 2

1404. The language of claim element 1(b) is identical to the first portion of
claim element 28(b) [which is identical to claim element 29(b)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(b).

3. Claim 1: Element 1(c)—*“the coal comprises an additive
comprising Br2, HBr, a bromide compound, or a

combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or”

1405. The language of claim element 1(c) is identical to the language of claim
element 28(c) [which is identical to claim element 29(c)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(c).

4. Claim 1: Element 1(d)—*“the combustion chamber

comprises an additive comprising Br2, HBr, a bromide
compound, or a combination thereof or
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1406. The language of claim element 1(d) is identical to the language of claim
element 28(d) [which is identical to claim element 29(d)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(d).

5. Claim 1: Element 1(e)—*“a combination thereof:;”

1407. The language of claim element 1(e) is identical to the language of claim
element 28(e) [which is identical to claim element 29(e)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(e).

6. Claim 1: Element 1(f)—“injecting a sorbent comprising

activated carbon into the mercury-containing gas
downstream of the combustion chamber:”

1408. The language of claim element 1(f) is identical to the language of claim
element 28(f) [which is identical to the first portion of claim element 29(f)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(b).

7. Claim 1: Element 1(g)—“contacting mercury in the
mercury-containing gas with the sorbent: and”

1409. The language of claim element 1(g) is identical to the language of claim
element 28(g) [which is identical to claim element 29(g)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim

element 1(g).
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8. Claim 1: Element 1(h)—*“separating the sorbent contacted
with the mercury from the mercury-containing gas.”

1410. The language of claim element 1(h) is identical to the language of claim
element 28(h) [which is identical to claim element 29(h)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(h).

C. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: “The method of claim 1, wherein the coal
comprises the additive comprising the Br2, HBr, the
bromide compound, or a combination thereof, wherein the
additive is added to the coal before the coal enters the
combustion chamber.

1411. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1412. In addition, Olson-646 teaches using halogens to remove mercury from
coal-fired plants. Olson-646 is entitled “Sorbents for the Oxidation and Removal of
Mercury.” Olson- 46 “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.”?!3* Olson-646 teaches using gaseous HBr or Br2

2134 Ex. 1014 (Olson-646) at 9 [0043].
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to accomplish this.?!3> Olson-646 discloses the reaction of hydrogen bromide with
activated carbon occurs at carbene species on “the edge of graphene sheets structures
of the carbon.”?!3¢ Olson-646 also discloses a mercury control system 100 wherein
activated carbon (from base activated carbon reservoir 110) is reacted with a
bromine-containing reagent (from halogen/halide promoter reservoir 130) to form
promoted activated carbon, and then injecting the promoted activated carbon into
the mercury-containing flue gas stream 15 at injection point 116 resulting in a
reduced mercury flue gas 25.21%7

1413. A POSITA would have been motivated to modify Sjostrom to add HBr,
CaBr2, or a known bromide compound to coal upstream of the combustion chamber
to utilize a widely obtainable and relatively cheap form of bromine, as a matter of
obvious design choice.

2. Claim 3: “The method of claim 1, wherein the combustion

chamber comprises the additive comprising the Br2, HBr,
the bromide compound, or a combination thereof.”

1414. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

3. Claim 4: “The method of claim 1, wherein the coal is
combusted in the combustion chamber at a coal-combustion

2135 Ex. 1014 (Olson-646) at 9 [0066].
2136 Ex. 1014 (Olson-646) at 9 [0054].
237 Ex. 1014 (Olson-646) at 9 [0056], [0057], [0061], Fig. 3.
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facility, wherein the additive comprising the Br2, HBr,
bromide compound, or combination thereof, is added to the
coal before the coal enters the combustion chamber,
wherein the addition of the additive comprising the Br2,
HBr, bromide compound, or combination thereof, to the
coal is performed at the coal-combustion facility.”

1415. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1416. The language in claim 4 is comparable to the language in claim element
28(c). Accordingly, the explanation I provide above for that claim element applies
equally to claim 4.

4. Claim 6: “The method of claim 1, wherein the combustion
chamber is an electric utility coal combustion chamber.”

1417. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

5. Claim 7: “The method of claim 1, wherein the combustion
chamber is a coal combustion furnace.”

1418. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1419. The explanation I provide above for claims 4 and 6 are equally

applicable to claim 7.
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6. Claim 8: “The method of claim 1, wherein the coal
comprises a subbituminous coal.”

1420. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

7. Claim 10: “The method of claim 1, further comprising
measuring the mercury content of the mercury-containing
gas; and modifying, in response to the measured mercury
content of the mercury-containing gas, an injection rate of
injecting the sorbent into the mercury-containing gas, an
amount of the Br,, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1421. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1422. In addition, Olson-646 also explains that “[t]he reduced mercury
‘clean’ flue gas stream 142 is then monitored for mercury content by an optional
CEM [continuous emissions monitor] 205, which provides corresponding signals to
an optional computer/controller 206 . . . to maintain the mercury concentration in
exhaust stream 35 within desired limits, according to control algorithms well known

in the art.”?!3%

2138 Ex. 1014 (Olson-646) at § [0061], Fig. 3.
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1423. To the extent this limitation is not disclosed in Sjostrom, it would have
been obvious to a POSITA to adjust the sorbent-injection rate in response to the
monitored mercury content in order to satisfy a specific target Hg removal
percentage. Because of the expense associated with activated carbon sorbents,
especially relative to costs of cheaper components such as “Br,” a POSITA would
have been motivated to use the charts of Sjostrom as a guide to adjust the sorbent
injection rate to minimize costs while reaching desired mercury removal levels.
Also, a POSITA would have been motivated to remove at least the amount of
mercury necessary to stay within the “Proposed Limit” while minimizing the amount
of activated carbon injected to comply with Sjostrom's proven method.

8. Claim 11: “The method of claim 10, wherein the measuring

of the mercury content comprises continuous
measurement.”

1424. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 24 of the '225 patent. ME2C's
infringement contentions do not include claim 24 of the '225 patent. ME2C's final
contentions hew to this position, and thus ME2C 1s apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

9. Claim 12: “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 Br2, HBr, the bromide

compound, or a combination thereof, added to the coal or
the combustion chamber, or a combination thereof.”
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1425. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1426. The language of claim 12 is substantially identical to the language of
claim 10. Accordingly, the explanation I provide above for claim 10 applies equally
to claim 12.

10. Claim 13: “The method of claim 1, wherein the mercury-

containing gas comprises about 1 g to about 30 g of the
element bromine per 100 g of the sorbent.”

1427. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1428. In addition, Olson-646 includes repeated discussion of this ratio of the
halogen or halide promoter to the sorbent material in the mercury-containing gas.
For example, Olson-646 discloses that in certain embodiments ‘“the sorbent
comprises from about 1 to about 30 grams promoter per 100 grams of base activated
carbon.”?!3?

1429. A person of skill in the art would have looked to the Olson-646

reference to further understand the relationship between the halogen and activated

carbon disclosed by Sjostrom. Specifically, a POSITA would have understood that

2139 Ex. 1014 (Olson-646) at 9§ [0014]; see also 9 [0018] and Claims 3, 17.
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the activated-carbon sorbent of Sjostrom would have “comprise[d] from about 1 to
about 30 grams promoter per 100 grams of base activated carbon” after the activated-
carbon sorbent made contact with the “Br” promoter. To the extent that Sjostrom
does not explicitly state that the sorbent includes this ratio of promoter:activated
carbon, Olson-646 provides this explanation. Therefore, a POSITA would have
been motivated to combine the teachings of Sjostrom, Olson-646, and knowledge in
the arttouse 1 g - 30 g of halogen or halide promoter per 100 g of sorbent to optimize
the use of promoter and mercury removal.
11. Claim 14: “The method of claim 1, wherein the sorbent

contacted with the mercury comprises the element bromine
and mercury.”

1430. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

12. Claim 15: “The method of claim 1, comprising removing

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

1431. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1432. In addition, claims 2 and 3 are also obvious over Sjostrom in view of

Olson-646. For example, Olson-646 explains that “a method is provided for
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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.”?!*!

1433. A person of skill in the art would have looked to the Olson-646
reference to further understand the mechanisms for the mercury-removal disclosed
by Sjostrom. Specifically, a POSITA would have understood that the activated
carbon of Sjostrom removed “greater than 70 wt % of the mercury in the mercury-
containing gas on the sorbent,” as discussed in Ground I above. To the extent that
Sjostrom does not explicitly state that the mercury is removed “on the sorbent,”
Olson-646 provides this explanation. A POSITA would have understood that by
using the particular bromine-containing species disclosed in Olson (“HBr or Br,”)
as the source of “Br” disclosed in Sjostrom, then “greater than 70 wt % of the

mercury in the mercury-containing gas” would have been removed “on the sorbent,”

as confirmed by Olson-646.

2140 Ex. 1014 (Olson-646) at § [0022] (emphasis added).
2141 Ex. 1014 (Olson-646) at Claim 30 (emphasis added).
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13. Claim 16: “The method of claim 1, comprising removing
greater than 70 wt % of the mercury in the mercury-
containing gas with the sorbent.”

1434. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1435. In addition, the language of this claim element is substantially similar
to that of claim 15. Accordingly, the explanation I provide above for that claim
applies equally to these claim elements.

14. Claim 17: “The method of claim 1, wherein the sorbent in
the mercury-containing gas comprises about 1 g to about 30

g of the added Br2, HBr, the bromide compound, or a
combination thereof, per 100 g of the sorbent.”

1436. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1437. In addition, the language of this claim element contains concepts
substantially similar to that of claim 13. Accordingly, the explanation I provide
above for that claim applies equally to these claim elements.

15. Claim 18: “The method of claim 1, wherein the Br2, HBr,
or the bromide compound is contacted with the sorbent in

vapor form, gaseous form, liquid form, or in an organic
solvent.”
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1438. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1439. To the extent Sjostrom fails to explicitly disclose that the "Br" is added
as HBr or Br2, a POSITA would have been motivated to look to Olson-646 for this
2142

information. Olson-646 discloses utilizing a gaseous HBR or Br2 promoter.

16. Claim 19: “The method of claim 1. wherein the activated
carbon comprises powdered activated carbon, granular
activated carbon, or a combination thereof.”

1440. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

17. Claim 20: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is a sorbent
obtained by contacting a sorbent with a halogen or halide
promoter prior to the injection of the sorbent into the
mercury-containing gas.”

1441. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 14 of the '114 patent. ME2C's
infringement contentions do not include claim 14 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this

claim. Therefore, no analysis regarding this element is required.

2142 Ex. 1014 (Olson-646) at 9 [0066].
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18. Claim 21: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is free of contact
with a halogen or halide promoter prior to injection of the
sorbent into the mercury-containing gas.”

1442. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 13 of the '114 patent. ME2C's
infringement contentions do not include claim 13 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

19. Claim 22: “The method of claim 1, wherein the combustion
chamber comprises a boiler.”

1443. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

20. Claim 23: “The method of claim 1, wherein the mercury-
containing gas is a flue gas.”

1444. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

21. Claim 24: “The method of claim 1, wherein the injection of
the sorbent into the mercury-containing gas occurs

upstream of a particulate separator, a scrubber, or a
combination thereof.”
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1445. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here.

1446. In addition, Olson-646 further describes injecting sorbent upstream of
a particular separator or scrubber. Olson-646 discloses that “[dJownstream from
injection point 116 and 119 is provided particulate separator 140. By way of
illustration and not limitation, particulate Separator 140 may comprise one or more
fabric filters, one or more electrostatic precipitators (hereinafter “ESP”), or other
particulate removal devices as are known in the art.”?!%

22. Claim 25: “The method of claim 24, wherein the particulate

separator comprises a baghouse, an electrostatic
precipitator, a fabric filter, or a combination thereof.”

1447. As discussed in Ground X above, this limitation is disclosed by
Sjostrom. My analysis with regards to the disclosure of Sjostrom regarding this
element for Ground X applies equally here. Sjostrom discloses this claim.

1448. In addition, the explanation I provide above for claim 24 applies equally
to these claim elements.

D. INDEPENDENT CLAIM 29

1. Claim 29: Element 29(a): “A method of separating mercury
from a mercury-containing gas, the method comprising:”

2143 Ex. 1014 (Olson-646) at 9 [0059].
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1449. The language of the preamble of claim 29 is identical to the preamble

of claims 28 and 1. Accordingly, the explanation I provide above for the preamble

of claim 28 applies equally to the preamble of claim 29.

2.

Claim 29: Element 29(b): “combusting coal in a combustion

chamber, to provide the mercury-containing gas, wherein

the mercury-containing gas comprises a halogen or halide
promoter comprising HBr, Br—, or a combination thereof,
wherein”

1450. The language of this claim element is identical to claim element 28(b).

Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.

3.

Claim 29: Element 29(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound. or a
combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,
HBr, a bromide compound, or a combination thereof, or a
combination thereof;”

1451. The language of this claim element is identical to claim element 28(c)-

(e). Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.

4.

Claim 29: Element 29(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide promoter
in the mercury-containing gas to form a promoted

sorbent;”
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1452. The language of this claim element is identical to the first portion of
claim element 28(f). Accordingly, the explanation I provide above for those claim
elements applies equally to this claim element.

1453. In addition, as discussed in Ground X above, the remainder of this
limitation is disclosed by Sjostrom. My analysis with regards to the disclosure of
Sjostrom regarding this element for Ground X applies equally here.

S. Claim 29: Element 29(g): “contacting mercury in the
mercury-containing gas with the promoted sorbent;”

1454. The language of this claim element is identical to claim element 28(g).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

6. Claim 29: Element 29(h): “separating the promoted sorbent
contacted with the mercury from the mercury-containing

gas;”

1455. The language of this claim element is identical to claim element 28(h).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

7. Claim 29: Element 29(i)-(m): “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 Br2, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”
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1456. The language of this claim element is identical to that of claim 10.
Accordingly, the explanation I provide above for that claim applies equally to these
claim elements.

XLIV. GROUND Z: ANTICIPATION AND OBVIOUSNESS OF THE
’430 PATENT BY DOWNS-BOILER

1457. It is my opinion that Downs-Boiler anticipates each of claims 1-4, 6- 8,
10-25, 28-29 of the *430 Patent. In the subsections below, I rely on the disclosure
of Downs-Boiler. The material I rely on was also disclosed and supported by
Downs-Boiler-Provisional, so parallel citations to Downs-Boiler-Provisional are
also included.

A. INDEPENDENT CLAIM 28

1. Claim 28: Element 28(a): “A method of separating mercury
from a mercury-containing as [sic], the method

comprising:”

1458. 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):

2144 Ex. 1006 (Downs-Boiler) at Title; Ex. 1007 (Downs-Boiler-
Provisional) at Title
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[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.?!*

1459. 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:?'%’

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
been successfully applied for the separation and removal of trace
quantities of undesirable components.

1460. Downs-Boiler characterizes its disclosed “invention” as “a cost-

effective method of removing elemental mercury from coal combustion flue

gases. 2148

2. Claim 28: Element 28(b): “combusting coal in a
combustion chamber, to provide the mercury-containing
gas, wherein the mercury-containing gas comprises a

2145 pg completed formatting/need to do QCEx. 1006 (Downs-Boiler)
[0007]; Ex. 1007 (Downs-Boiler-Provisional) § [0013].

2146 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.”).

2147 Ex. 1006 (Downs-Boiler) 9 [0004] (emphasis added); Ex. 1007
(Downs-Boiler-Provisional) IT [005].

2148 Ex. 1006 (Downs-Boiler) § [0018]; Ex. 1007 (Downs-Boiler-
Provisional) q [021].
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halogen or halide promoter comprising HBr, Br—, or a
combination thereof, wherein”

1461. Downs-Boiler discloses this claim element. The primary application
taught by Downs-Boiler is with “[c]oal-fired utility boilers [that] are a known major
source of anthropogenic mercury emissions in the United States.?!* Downs-Boiler
illustrates a conventional coal-fired utility boiler used for the purpose of combusting
coal, as represented by the arrow into combustion chamber 14. Representative

Figure 4 is reproduced below:?!%

2149 Ex. 1006 (Downs-Boiler) § [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) q [002].

2150 Ex. 1006 (Downs-Boiler) 9 [0007], Figures 4; see also Ex. 1007
(Downs-Boiler-Provisional) 4 [009], Figures 4.
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1462. 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:%'>1

A bromine containing reagent 10 is added to the boiler 12
combustion furnace 14, either directly or by premixing with the
incoming coal 16. Bromine species released during the
combustion process enhance the oxidation of mercury as the
combustion gases pass through the furnace 14 and, in particular,
through the cooler sections of the boiler convection pass 18 and
combustion air preheater 20.

1463. 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.”?!>
Finally, Downs-Boiler explicitly describes that “[m]ercury appears in coal
combustion flue gases in both solid and gas phases. !> This flue gas referred to by
Downs-Boiler is an example of a mercury-containing gas, and was generated from
the combustion of coal.

3. Claim 28: Elements 28(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound, or a
combination thereof, wherein the additive is added to the

coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,

2151 Ex. 1006 (Downs-Boiler) 9 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [0018].

2152 Ex. 1006 (Downs-Boiler) 4 [0020]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0023].

2153 Ex. 1006 (Downs-Boiler) 4 [0002] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [003].
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HBr. a bromide compound, or a combination thereof, or a
combination thereof.”

1464. Downs-Boiler discloses this claim element. Although the claim only
requires one to be shown, Downs-Boiler discloses both: 1) adding Br,, HBr, and/or
a bromide compound to the coal upstream of the combustion chamber, and 2) adding
Br,, HBr, and/or a bromide compound to the combustion chamber; as well as the
combination of the two.

1465. First, Downs-Boiler discloses Br,, HBr, a bromide compound, or a
combination thereof, added to the coal upstream of the combustion chamber.
Downs-Boiler explains that the bromine-containing reagent may comprise, “but is
not limited to, alkali metal and alkaline earth metal bromides, hydrogen bromide
(HBr) or bromine (Br;).”?"> Downs-Boiler also specifically discloses calcium
bromide (CaBr;) as another suitable bromide compound for use as the bromine-
containing reagent.?!>

1466. This bromine-containing reagent is applied to the coal upstream of the
combustion chamber. Downs-Boiler teaches that a “bromine containing reagent 10

1s added to the boiler 12 combustion furnace 14, either directly or by premixing with

2154 Ex. 1006 (Downs-Boiler) 41] [0021] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) ‘11 [0024].

2153 Ex. 1006 (Downs-Boiler) 11 [0018-19] (emphasis added); see also
Ex. 1007 (Downs-Boiler-Provisional) 1] [0021-22].
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the incoming coal 16.”21°° 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.”?!%7 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 Brz, HBr, and a bromide compound (e.g., calcium
bromide (CaBr»)) has been added on the coal.

1467. Second, Downs-Boiler 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 combustion
chamber comprises added bromine-containing reagent (e.g., Br,, HBr, a bromide
compound, or a combination thereof). As explained by Downs-Boiler, as a result of

adding the bromine-containing reagent to the coal and/or the coal conveying system,

2156 Ex. 1006 (Downs-Boiler) 11 [0015]; see also Ex. 1007 (Downs-
Boiler-Provisional) 11 [0018].

2157 Ex. 1006 (Downs-Boiler) § [0019], Figure 2; see also Ex. 1007
(Downs-Boiler-Provisional) 111 [0022], Figure 2.

Expert Report of Dr. Stephen Niksa Page 1002

Exhibit 2011
Page 1011



the “/bfromine species released during the combustion process enhance the
oxidation of mercury as the combustion gases pass through the furnace 14.7°'%
That the bromine-containing reagent is “sprayed on the crushed coal 16 before the
coal is pulverizedfor combustion” additionally “ensures even distribution of the
[bromine-containing] reagent 10 across the boiler furnace” (i.e., in the combustion
chamber).?!>’

1468. Downs-Boiler also discloses introduction of Br,, 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 16721, Downs-Boiler describes that the inventors successfully tested
direct introduction of the bromine-containing reagent—specifically, a bromide
compound of calcium bromide (CaBr;)—*“injected into the combustion chamber 14
through a coal burner.”?!! Downs-Boiler further recognizes that “the bromine-

containing reagent 10 may be fed to the boiler combustion zone 14 in gaseous, liquid,

2158 Ex. 1006 (Downs-Boiler) 11 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) q [0018].

2159 Ex. 1006 (Downs-Boiler) § [0019] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) IT [0022].

2160 Ex. 1006 (Downs-Boiler) § [0015]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0018].

2161 Ex. 1006 (Downs-Boiler) 11 [0019]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0021].
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or solid form.”?162

Thus, the combustion chamber comprises at least one or a
combination of Brz, HBr, and a bromide compound (e.g., calcium bromide (CaBr»)).

1469. 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 Brz, HBr, and/or a bromide compound
(e.g., calcium bromide (CaBr2)) is both on the coal and in the combustion chamber.

1470. Furthermore, as illustrated in Figure 2, reproduced below as annotated,
Downs-Boiler illustrates that the bromine-containing reagent may be introduced “to

29 6

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

conveying system 30,” and “the boiler furnace 14.”2163

2162 Ex. 1006 (Downs-Boiler) § [0022]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0025].

2163 Ex. 1006 (Downs-Boiler) 9 [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.
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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 14.2164
Accordingly, Downs-Boiler discloses each and every limitation of Claim Element
25(b).
4. Claim 28: Elements 28(f): “injecting a sorbent comprising

activated carbon into the mercury-containing gas
downstream of the combustion chamber:”

2164 Ex. 1006 (Downs-Boiler) § [0019]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0022].
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1471. Downs-Boiler discloses that injecting a sorbent material comprising
activated carbon, referring to the example of “powdered activated carbon
(PAC).”?'% 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.”?!6
Downs-Boiler 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.”?!6®
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

2165 Ex. 1006 (Downs-Boiler) 4 [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0028].

2166 Ex. 1006 (Downs-Boiler) 4 [0016] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [0019].

2167 Ex. 1006 (Downs-Boiler) 9 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) I [0018].

2168 Ex. 1006 (Downs-Boiler) § [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional)q [005].
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sorbent (e.g., powdered activated carbon, or PAC) into the flue gas upstream of the

dust collector to adsorb vapor-phase mercury.”*'%

5. Claim 28: Elements 28(g): “contacting mercury in the
mercury-containing gas with the sorbent; and”

1472. In the context of conventional mercury removal by PAC injection,
Downs-Boiler explains that adsorption (i.e., contact) of the mercury by the sorbent
occurring in the mercury-containing (flue) gas system (i.e., downstream of the

combustion chamber) has been successfully shown to form a mercury/sorbent

composition:?!7°

injection of a carbonaceous sorbent (e.g., powdered activated
carbon, or PAC) into the flue gas upstream of the dust collector
to adsorb vapor-phase mercury. 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 been successfully applied for the separation and
removal of trace quantities of undesirable components.

The “sorbent, and its burden of adsorbed mercury” discloses a mercury/sorbent
composition. For this process, described by Downs-Boiler as taking place in the dry
emission control system such as an electrostatic precipitator or fabric filter, the
“adsorption” of mercury refers to a process by which atoms, 1ons, or molecules in a

fluid (typically a gas) are bound to the surface of a sorbent, and thus by definition

2169 Ex. 1006 (Downs-Boiler) 9 [0004], [0015], [0016], and [0025]; see
also Ex. 1007 (Downs-Boiler-Provisional) in [005], [0018], [0019], and [0028].
2170 Ex. 1006 (Downs-Boiler) 9§ [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [005]
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the sorbent is “contacting mercury in the mercury-containing gas,” as per claim
element 25(c).

1473. Downs-Boiler recognizes that, when contacted with a sorbent, mercury
in the mercury-containing gas forms a mercury/sorbent composition through the
sorbent “bond[ing] with adsorbed mercury species” and that the strength of this bond
is improved by halogens.?!”! In particular, Downs-Boiler explains that adding
bromine in conjunction with activated carbon “results in an increased fraction of
particulate-bound mercury,” which includes an increase in the formation of sorbent-
bound mercury.?!”? This increase in the fraction of particulate-bound mercury is
explained as leading to a mercury/sorbent composition due to the increased
“reactivity of oxidized mercury with PAC.”?!73

6. Claim 28: Elements 28(h): “separating the sorbent
contacted with the mercury from the mercury-containing

gas.”

1474. Downs-Boiler discloses this claim element. Downs-Boiler explains
that the desired removal of mercury from the flue gas is by a separation of the

particulate-bound mercury. Separation of the particulate-bound mercury

217 Ex. 1006 (Downs-Boiler) 11 [0004]; Ex. 1007 (Downs-Boiler-
Provisional) 44 [005].

2172 Ex. 1006 (Downs-Boiler) § [0015]; Ex. 1007 (Downs-Boiler-
Provisional) 4 [0018].

2173 Ex. 1006 (Downs-Boiler) § [0016]; Ex. 1007 (Downs-Boiler-
Provisional) § [0019].
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(mercury/sorbent composition), which includes the oxidized mercury adsorbed onto

the PAC as discussed above regarding claim element 25(¢)(2), is removed from the

mercury-containing gas by a particulate collector as a way to clean the flue gas:*!7*

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
been successfully applied for the separation and removal of trace
quantities of undesirable components.

1475. Downs-Boiler illustrates a number of example particulate collection
devices that may be used to separate the mercury-sorbent composition to produce a
cleaned gas, each of which were well known to a POSITA. These particulate
collectors include “electrostatic precipitators (ESP) or fabric filters (FF), sometimes
called baghouses” that “provide high-efficiency removal of particulate-bound
992175

mercury.

B. INDEPENDENT CLAIM 1

1. Claim 1: Preamble—“A method of separating mercury
from a mercury-containing gas, the method comprising:”

1476. The language of the preamble of claim 1 is identical to the preamble of
claims 28 and 29. Accordingly, the explanation I provide above for the preamble of

claim 28 applies equally to the preamble of claim 1.

2174 Ex. 1006 (Downs-Boiler) § [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional) 1l [005].

2175 Ex. 1006 (Downs-Boiler) 99 [0003] [0023], Figures 4-6; see also Ex.
1007 (Downs-Boiler-Provisional) ‘111 [004] [0026], Figures 4-6.
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2. Claim 1: Element (1)(b)—*“combusting coal in a
combustion chamber, to provide the mercury-containing

gas 2

1477. The language of claim element 1(b) is identical to the first portion of
claim element 28(b) [which is identical to claim element 29(b)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(b).

3. Claim 1: Element 1(c)—*“the coal comprises an additive
comprising Br2, HBr, a bromide compound, or a

combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or”

1478. The language of claim element 1(c) is identical to the language
of claim element 28(c) [which is identical to claim element 29(c)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(c¢).

4. Claim 1: Element 1(d)—*“the combustion chamber

comprises an additive comprising Br2, HBr, a bromide
compound, or a combination thereof or

1479. The language of claim element 1(d) is identical to the language
of claim element 28(d) [which is identical to claim element 29(d)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(d).

5. Claim 1: Element 1(e)—“a combination thereof:”
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1480. The language of claim element 1(e) is identical to the language
of claim element 28(e) [which is identical to claim element 29(e)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(e).

6. Claim 1: Element 1(f)—“injecting a sorbent comprising

activated carbon into the mercury-containing gas
downstream of the combustion chamber:”

1481. The language of claim element 1(f) is identical to the language
of claim element 28(f) [which is identical to the first portion of claim element
29(f)]. Accordingly, the explanation I provide above for those claim elements
applies equally to claim element 1(b).

7. Claim 1: Element 1(g)—“contacting mercury in the
mercury-containing gas with the sorbent; and”

1482. The language of claim element 1(g) is identical to the language
of claim element 28(g) [which is identical to claim element 29(g)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(g).

8. Claim 1: Element 1(h)—*“separating the sorbent contacted
with the mercury from the mercury-containing gas.”

1483. The language of claim element 1(h) is identical to the language
of claim element 28(h) [which is identical to claim element 29(h)].
Accordingly, the explanation I provide above for those claim elements applies

equally to claim element 1(h).
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C. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: “The method of claim 1, wherein the coal
comprises the additive comprising the Br2. HBr, the
bromide compound, or a combination thereof, wherein the
additive is added to the coal before the coal enters the
combustion chamber.

1484. 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 (Br;).”*!’® Downs-
Boiler also specifically discloses calcium bromide (CaBr;) as another bromide
compound suitable for use as the bromine-containing reagent.!”’

1485. 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 the boiler 12 combustion furnace 14, either directly or

2176 Ex. 1006 (Downs-Boiler) 41] [0021] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) ‘11 [0024].

2177 Ex. 1006 (Downs-Boiler) 11 [0018-19] (emphasis added); see also
Ex. 1007 (Downs-Boiler-Provisional) 1] [0021-22].
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by premixing with the incoming coal 16.”*!7® 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 14.72!7

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.

1486. Downs-Boiler also discloses “the combustion chamber
comprises added Br2, 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., Br, HBr, a bromide compound, or a combination

2178 Ex. 1006 (Downs-Boiler) 11 [0015]; see also Ex. 1007 (Downs-
Boiler-Provisional) 11 [0018].

2179 Ex. 1006 (Downs-Boiler) § [0019], Figure 2; see also Ex. 1007
(Downs-Boiler-Provisional) 111 [0022], Figure 2.
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thereof). As explained by Downs-Boiler, as a result of 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.°'80 That the bromine-containing reagent is “sprayed on the crushed coal
16 before the coal is pulverizedfor combustion” additionally “ensures even
distribution of the [bromine-containing] reagent 10 across the boiler
furnace” (i.e., in the combustion chamber).?!8!

1487. 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*'®2, Downs-Boiler describes that
the inventors successfully tested direct introduction of the bromine-containing

reagent—specifically, a bromide compound of calcium bromide (CaBrz)—

2180 Ex. 1006 (Downs-Boiler) 11 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) q [0018].

2181 Ex. 1006 (Downs-Boiler)  [0019] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 11 [0022].

2182 Ex. 1006 (Downs-Boiler) § [0015]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0018].
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“injected into the combustion chamber 14 through a coal burner.”?!%3 Downs-
Boiler further recognizes that “the bromine-containing reagent 10 may be fed
to the boiler combustion zone 14 in gaseous, liquid, or solid form.”?'** 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)).

1488. 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 (CaBr2)) is both on the coal and in
the combustion chamber.

1489. 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.”%%

2183 Ex. 1006 (Downs-Boiler) 11 [0019]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0021].

2184 Ex. 1006 (Downs-Boiler) § [0022]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0025].

2185 Ex. 1006 (Downs-Boiler) 9 [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.
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1490. Downs-Boiler invites, if not encourages, 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 14.7218¢
2. Claim 3: “The method of claim 1, wherein the combustion

chamber comprises the additive comprising the Br2, HBr,
the bromide compound, or a combination thereof.”

1491. 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

2186 Ex. 1006 (Downs-Boiler) § [0019]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [0022].
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for the purpose of combusting coal, as represented by the arrow into

combustion chamber 14. Representative Figure 4 is reproduced below:>!¥

.

1492. 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 4-6:2!88

1493. 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.”'%

2187 Ex. 1006 (Downs-Boiler) 9 [0007], Figures 4; see also Ex. 1007

(Downs-Boiler-Provisional) 4 [009], Figures 4.

2188 Ex. 1006 (Downs-Boiler) 9 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0018].

2189 Ex. 1006 (Downs-Boiler) 9 [0019], Figure 2 (annotated); see also Ex.
1007 (Downs-Boiler-Provisional) 4 [0022], Figure 2.
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3. Claim 4: “The method of claim 1, wherein the coal is
combusted in the combustion chamber at a coal-combustion
facility, wherein the additive comprising the Br2, HBr,
bromide compound, or combination thereof, is added to the
coal before the coal enters the combustion chamber,
wherein the addition of the additive comprising the Br2,
HBr, bromide compound, or combination thereof, to the
coal is performed at the coal-combustion facility.”

1494. The language in claim 4 is reflective of the language in claim elements
28(c) and 3. Accordingly, the explanation I provide above for that claim element
applies equally to claim 4.

4. Claim 6: “The method of claim 1, wherein the combustion
chamber is an electric utility coal combustion chamber.”

1495. This limitation is disclosed by Downs-Boiler. Downs-Boiler describes

combusting common ranks of coal used by the electric utility industry and,
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specifically, that “the coal-fired boiler fuel 16 may include bituminous,
subbituminous, and lignite coals and blends, thereof.”?'”®  Downs-Boiler
acknowledges that the “removal of elemental mercury from coal combustion gases
generated by electric utility plants through the application of a conventional PAC
injection process”’ is well known and understood in the industry but concedes that
that use of these systems is “very expensive” when not used in combination with the
disclosed invention.?!*!

1496. Furthermore, as illustrated in Figures 4-6 of Downs-Boiler, a coal-fired
utility boiler is shown as having a number of pollution control devices: “the electric
utility plant configurations may include plants equipped with an SDA 24 and
particulate collector 26 (FF or ESP) (FIG. 4), a particulate collector 26 (FF or ESP)

(FIG. 5), or a wet 22 FGD and particulate collector 26 (FF or ESP) (FIG. 6).”%!%2

5. Claim 7: “The method of claim 1, wherein the combustion
chamber is a coal combustion furnace.”

1497. Downs-Boiler discloses this claim element. The explanation I provide

above for claims 4 and 6 are equally applicable to claim 7.

2190 Ex. 1006 (Downs-Boiler) 9§ [0020]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0023].

2191 Ex. 1006 (Downs-Boiler) 9 [0016] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) I [0019].

2192 Ex. 1006 (Downs-Boiler) Figures 4-6; see also Ex. 1007 (Downs-
Boiler-Provisional) Figures 4-6.
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1498. The primary application taught by Downs-Boiler is with “[c]oal-fired
utility boilers [that] are a known major source of anthropogenic mercury emissions
in the United States.?'”® Downs-Boiler illustrates a conventional coal-fired utility
boiler used for the purpose of combusting coal, as represented by the arrow into

combustion chamber 14. Representative Figure 4 is reproduced below:?!%*

6. Claim 8: “The method of claim 1, wherein the coal
comprises a subbituminous coal.”

1499. This limitation is disclosed by Downs-Boiler. Downs-Boiler describes

combusting common ranks of coal used by the electric utility industry and,

2193 Ex. 1006 (Downs-Boiler) § [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) q [002].

2194 Ex. 1006 (Downs-Boiler) 9 [0007], Figures 4; see also Ex. 1007
(Downs-Boiler-Provisional) 4 [009], Figures 4.
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specifically, that “the coal-fired boiler fuel 16 may include bituminous,

subbituminous, and lignite coals and blends, thereof.”?!%

7. Claim 10: “The method of claim 1, further comprising
measuring the mercury content of the mercury-containing
gas; and modifying, in response to the measured mercury
content of the mercury-containing gas, an injection rate of
injecting the sorbent into the mercury-containing gas, an
amount of the Br,, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1500. 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
ng/dscm).?'® The units “pg/dscm” refer to micrograms of mercury per standard

cubic meter of flue gas on a dry basis.

2195 Ex. 1006 (Downs-Boiler) 9§ [0020]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0023].

2196 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.?!”’

1501. 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 compound CaBr;) added into the

mixture for combustion was continuously adjusted between a range of 375 to 1000

2197 Ex. 1006 (Downs-Boiler) Figure 3; see also Ex. 1007 (Downs-Boiler-
Provisional) Figure 3.

Expert Report of Dr. Stephen Niksa Page 1022

Exhibit 2011
Page 1031



parts per million of a bromine-containing reagent (CaBr,).?!”® By adjusting the

amount of bromine-containing reagent applied, it would have been understood by a

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]

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.

1502. 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” 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

2198 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.

2199 Ex. 1006 (Downs-Boiler) 9 [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional) q [005].
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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 mercury and halogen content), as described in the
State of the Art,>?’ it would have 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.
8. Claim 11: “The method of claim 10, wherein the measuring

of the mercury content comprises continuous
measurement.”

1503. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 24 of the 225 patent. ME2C's
infringement contentions do not include claim 24 of the '225 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

9. Claim 12: “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 Br2, HBr, the bromide

compound, or a combination thereof, added to the coal or
the combustion chamber, or a combination thereof.”

2200 State of the Art, § XII.B.1.
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1504. The language of claim 12 is substantially identical to the language of
claim 10. Accordingly, the explanation I provide above for claim 10 applies equally
to claim 12.

10. Claim 13: “The method of claim 1, wherein the mercury-

containing gas comprises about 1 g to about 30 g of the
element bromine per 100 g of the sorbent.”

1505. This claim would have been obvious over Downs-Boiler. Claim 4 is
merely an attempt to claim the optimum or workable range for a process of
combining a particular conventional halogen (bromine) being used in a conventional
way (halogens are inherent to coal, and has the dual-benefit of oxidizing mercury
and promoting activated carbons) with a conventional sorbent (activated carbon).
Nothing about the particular range of 1 g to about 30 g of the halide promoter per
100 g of the sorbent would have led to an unexpected result from what was already
known to one of skill in the art.

1506. As described in the State of the Art,??°! it was known that the saturation
limit of activated carbon for bromine (i.e., how much bromine the activated carbon
can actually adsorb at equilibrium), was up to 31 to 38 grams per 100 grams of
activated carbon. Given the residence times in flue gas, and other inefficiencies, a
person of ordinary skill in the art would have understood that the actual bromine

loaded onto activated carbon would have been less than the saturation limit.

2201 State of the Art, § XII.C.3.
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1507. A POSITA would have recognized that there would be sufficient
bromine in the flue gas, according to the processes disclosed by Downs-Boiler, to
provide a ratio of between 1 g to 30 g of bromine per 100 g of activated carbon. A
POSITA would have been motivated to use near the bromine-saturation limit of the
activated carbon because, in addition to the enhanced removal of mercury on sorbent

2202 it was known in the art

with the use of halogens as disclosed by Downs-Boiler,
that mercury oxidized by a halide, as “in the form of mercuric chloride, is soluble in
water, making it amenable to removal in sulfur dioxide scrubbers,” as discussed by

Downs-Boiler.?203

The fact that halides both contribute to the solubility of mercury
in water rendering it trivial to remove in a scrubber and also enhance reactivity
between mercury and activated carbons is confirmed as well-known in the art, which
indicates that halides “improve[d] Hg capture both by conversion of the Hg? to the
more easily removed Hg?" forms and by enhancing the reactivity of Hg’ with
activated carbons.”??%

1508. Through natural process optimization and routine experimentation, a

POSITA would have adjusted the rate of addition of bromine-containing species

2202 Ex. 1006 (Downs-Boiler) TT [0016], [0006]; see also Ex. 1007
(Downs-Boiler-Provisional) ill [0019], [007].

2203 Ex. 1006 (Downs-Boiler) 9§ [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) 9 [004].

2204 Ex. 1062 (Crocker) at 2-3.
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and/or activated carbon injection rate to achieve halide promoter on the activated-
carbon sorbent from about 1 g to about 30 g.
11. Claim 14: “The method of claim 1, wherein the sorbent

contacted with the mercury comprises the element bromine
and mercury.”

1509. Downs-Boiler discloses this claim. Downs-Boiler discloses that
injecting a sorbent material comprising activated carbon, referring to the example of
“powdered activated carbon (PAC).”?**> 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 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

2205 Ex. 1006 (Downs-Boiler) 4 [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0028].

2206 Ex. 1006 (Downs-Boiler) 9 [0016] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [0019].

2207 Ex. 1006 (Downs-Boiler) § [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) II [0018].

2208 Ex. 1006 (Downs-Boiler) 9 [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional)q [005].
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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-phase mercury.”?*”

1510. Downs-Boiler discloses that mercury in the flue gas is oxidized by the
bromine-containing species and subsequently adsorbed onto activated carbon.
Downs-Boiler describes that the use of the bromine-containing halogen in the
presence of mercury results in an “increased fraction of mercury appearing in the
oxidized form”—the oxidized form being that of mercuric bromide (HgBr,).?2!°
Downs-Boiler explains that the mercury forms a composition that comprises the
element bromine, the sorbent material, and mercury owing to the “higher reactivity
of oxidized mercury with PAC.”??!! Thus, the composition includes mercury and the
element bromine (in the form of HgBr2), together adsorbed onto activated carbon.

12. Claim 15: “The method of claim 1, comprising removing

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

2209 Ex. 1006 (Downs-Boiler) 9 [0004], [0015], [0016], and [0025]; see
also Ex. 1007 (Downs-Boiler-Provisional) in [005], [0018], [0019], and [0028].
2210 Ex. 1006 (Downs-Boiler) 11 [0021]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0024].

2211 Ex. 1006 (Downs-Boiler) § [0016]; see also Ex. 1007 (Downs-Boiler-
Provisional) [0019].
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1511. 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).?*!?

Total Vapor-Phase Marcury

Calir, Addition Role (basls: equivalent Br incresse in coal)

TED ppm 1000 ppm I7E ppm

1 = = . E [ : u ff FJ

-
L ¥l
T

)

Hg concentration, ugfdsem
=

Jse of Brgmine Reagent

Lont -|n|rui
i

15:39 18:30 17230
Time of day on Dec. 8, 2003

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 p g/dscm) as

compared to the mercury inventory of the system (9 pg/dscm) may also be expressed

2212 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.
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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.

1512. Furthermore, as described in the State of the Art,>?!* 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 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.

13. Claim 16: “The method of claim 1, comprising removing

oreater than 70 wt % of the mercury in the mercury-
containing gas with the sorbent.”

1513. This limitation is obvious in view of Downs-Boiler. As described

above regarding Claim 15, Downs-Boiler discloses removing greater than 77 wt%

2213 State of the Art, XII.D — XIL.F.
2214 Ex. 1006 (Downs-Boiler) § [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [002].
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of the mercury in the flue gas. In addition to the reasons for Claim 2, a POSITA
would understand that that the mercury removal on the sorbent alone would meet or
exceed 70%. Downs-Boiler discloses that only “25% of the coal-fired power plants
in the U.S. are equipped with wet FGD systems” (scrubbers), and discloses “PAC
injection systems” (activated carbon) as an alternative to “downstream pollution
control systems such as wet [scrubbers] 22 and SDA 24 FGD systems.”??!> This
impact would be particularly pronounced for coal-fired utility plants using lignites
or blends of high volatility coals that would produce minimal unburned carbon (e.g.,

loss on ignition) particulate in the flue gas stream,?*!°

resulting in a higher proportion
of the mercury in the mercury-containing gas to bind to the sorbent.

1514. Downs-Boiler notes that “the presence of unburned carbon” is a factor
that has “been shown to affect the conversion of elemental mercury to oxidized
mercury species’ and this unburned carbon (i.e., LOI) would scavenge mercury from
the flue gas, thereby affecting the percentage of mercury on the sorbent.??!?

Specifically, Downs-Boiler discloses that power stations burning western lignite

coals, which produce a lower “percentage of oxidized mercury” and ‘“have low

2215 Ex. 1006 (Downs-Boiler), 99 [0007, 0015]; Ex. 1007 (Downs-Boiler-
Provisional) 99 [009, 0018].

2216 See State of the Art, § XII.B.I.

2217 Ex. 1006 (Downs-Boiler) § [0005]; Ex. 1007 (Downs-Boiler-
Provisional) 4111 [006].
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chloride content” would benefit from the disclosed Hg control methods.??!®* Such
plants typically exhibit very low levels of LOI in addition to suffering from very low
concentrations of inherent chlorine in their flue gas. Under such circumstances, Hg
capture on inherent unburned carbon would have been minimal in plants using
western lignite coals and would therefore not have a significant effect on the
percentage of mercury on the sorbent. Consequently, adding bromine-containing
species to the furnace of coal-fired utility plants burning lignite and related coals,
and that are not configured with a scrubber or a spray dryer absorber while injecting
a sorbent ahead of the particle collection device, as Downs-Boiler teaches, ensures
that virtually all the Hg captured in a particle collection device would be bound to
the sorbent. Furthermore, Downs-Boiler also teaches how to adjust the bromine
addition level to achieve highly efficient Hg removal, including greater than 70%
removal.

1515. Additionally, a POSITA would have understood that that the mercury
removal on the sorbent alone would meet or exceed 70%. Downs-Boiler discloses
that only “25% of the coal-fired power plants in the U.S. are equipped with wet FGD
systems” (scrubbers), and discloses “PAC injection systems” (activated carbon) as

an alternative to “downstream pollution control systems such as wet 22 and SDA 24

2218 Ex. 1006 (Downs-Boiler) 9§ [0005]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [006].
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FGD systems.”*?!” Downs-Boiler also discloses a plant that burns “lignite coals,”
which produces a lower “percentage of oxidized mercury” on account of “low
chloride content.”?*?® A POSITA would have understood that plants burning lignite,
without a scrubber or spray-dryer adsorber, as taught by Downs-Boiler adding
bromine in conjunction with activated carbon, the activated carbon would be the
component that accounts for almost all of the mercury removal.
14. Claim 17: “The method of claim 1, wherein the sorbent in
the mercury-containing gas comprises about 1 g to about 30

g of the added Br2, HBr, the bromide compound, or a
combination thereof, per 100 ¢ of the sorbent.”

1516. This claim would have been obvious over Downs-Boiler. Claim 17 is
merely an attempt to claim the optimum or workable range for a process of
combining a particular conventional additive (Br2, HBr, the bromide compound, or
a combination thereof) being used in a conventional way (this type of additive is
inherent to coal, and has the dual-benefit of oxidizing mercury and promoting
activated carbons) with a conventional sorbent (activated carbon). Nothing about
the particular range of 1 g to about 30 g of the additive per 100 g of the sorbent
would have led to an unexpected result from what was already known to one of skill

in the art.

2219 Ex. 1006 (Downs-Boiler) 111 [0007, 0015, 0025]; see also Ex. 1007
(Downs-Boiler-Provisional) 49 [009, 0018, 0028].

2220 Ex. 1006 (Downs-Boiler) 94 [0005, 0020]; see also Ex. 1007 (Downs-
Boiler-Provisional) im [006, 0023].
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1517. As described in the State of the Art,???! it was known that the saturation
limit of activated carbon for bromine (i.e., how much bromine the activated carbon
can actually adsorb at equilibrium), was up to 31 to 38 grams per 100 grams of
activated carbon. Given the residence times in flue gas, and other inefficiencies, a
person of ordinary skill in the art would have understood that the actual bromine
loaded onto activated carbon would have been less than the saturation limit.

1518. A POSITA would have recognized that there would be sufficient
bromine in the flue gas, according to the processes disclosed by Downs-Boiler, to
provide a ratio of between 1 g to 30 g of bromine per 100 g of activated carbon. A
POSITA would have been motivated to use near the bromine-saturation limit of the
activated carbon because, in addition to the enhanced removal of mercury on sorbent

2222 it was known in the art

with the use of halogens as disclosed by Downs-Boiler,
that mercury oxidized by a halide, as “in the form of mercuric chloride, is soluble in
water, making it amenable to removal in sulfur dioxide scrubbers,” as discussed by
Downs-Boiler.???® The fact that halides both contribute to the solubility of mercury

in water rendering it trivial to remove in a scrubber and also enhance reactivity

between mercury and activated carbons is confirmed as well-known in the art, which

2221 State of the Art, § XII.C.3.

2222 Ex. 1006 (Downs-Boiler) TT [0016], [0006]; see also Ex. 1007
(Downs-Boiler-Provisional) ill [0019], [007].

2223 Ex. 1006 (Downs-Boiler) 9§ [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) 9 [004].
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indicates that halides “improve[d] Hg capture both by conversion of the Hg? to the
more easily removed Hg*" forms and by enhancing the reactivity of Hg’ with
activated carbons.”??*

1519. Through natural 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 achieve an additive on the activated-carbon
sorbent from about 1 g to about 30 g.

15. Claim 18: “The method of claim 1, wherein the Br2, HBr,
or the bromide compound is contacted with the sorbent in

vapor form, gaseous form, liquid form, or in an organic
solvent.”

1520. This limitation is obvious in view of Downs-Boiler. Downs-Boiler
teaches that the bromine-containing reagent “may be fed to the boiler combustion
zone 14 in gaseous, liquid, or solid form.”???* In addition, a POSITA would have
known that Br2 has a boiling point of 58.8 °C and HBr has a boiling point of -67 °C.
Upon exposing the bromine-containing reagent to the relatively high combustion
temperatures and subsequent flue gas, the bromine-containing reagent would remain
in gaseous form when contacting the sorbent.

1521. The explanation I provide above for claim 28(c) is equally applicable

to claim 18.

2224 Ex. 1062 (Crocker) at 2-3.
2225 Ex. 1006 (Downs-Boiler) q [0022].
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16. Claim 19: “The method of claim 1. wherein the activated
carbon comprises powdered activated carbon, granular
activated carbon, or a combination thereof.”

1522. Downs-Boiler discloses adding a particulate sorbent material
comprising activated carbon, referring to the example of “powdered activated carbon
(PAC).”*226 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 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

2226 Ex. 1006 (Downs-Boiler) 4 [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) IT [0028].

2221 Ex. 1006 (Downs-Boiler) 9 [0016] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [0019].

2228 Ex. 1006 (Downs-Boiler) § [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) II [0018].

2229 Ex. 1006 (Downs-Boiler) 9 [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional)q [005].

Expert Report of Dr. Stephen Niksa Page 1036

Exhibit 2011
Page 1045



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

992230

dust collector to adsorb vapor-phase mercury. 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 produced

from coal and other organic materials, and unburned carbon produced by the

combustion process itself.”?*!

17. Claim 20: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is a sorbent
obtained by contacting a sorbent with a halogen or halide
promoter prior to the injection of the sorbent into the
mercury-containing gas.”

1523. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 14 of the '114 patent. ME2C's
infringement contentions do not include claim 14 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

18. Claim 21: “The method of claim 1, wherein the sorbent
injected into the mercury-containing gas is free of contact

with a halogen or halide promoter prior to injection of the
sorbent into the mercury-containing gas.”

2230 Ex. 1006 (Downs-Boiler) 9 [0004], [0015], [0016], and [0025]; see
also Ex. 1007 (Downs-Boiler-Provisional) in [005], [0018], [0019], and [0028].

2231 Ex. 1006 (Downs-Boiler) § [0025]; see also Ex. 1007 (Downs-Boiler-
Provisional) q [0028].
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1524. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 13 of the '114 patent. ME2C's
infringement contentions do not include claim 13 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

19. Claim 22: “The method of claim 1, wherein the combustion
chamber comprises a boiler.”

1525. Downs-Boiler discloses this limitation. Downs-Boiler discloses a
combustion chamber (i.e. a “combustion furnace 14”) that comprises a “boiler
12.72232 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:***

2232 Ex. 1006 (Downs-Boiler) 11 [0015]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0018].

2233 Ex. 1006 (Downs-Boiler) Figures 2, 4-6; see also Ex. 1007 (Downs-
Boiler-Provisional) Figures 2, 4-6.
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20. Claim 23: “The method of claim 1, wherein the mercury-
containing gas is a flue gas.”

1526. Downs-Boiler discloses this limitation. Downs-Boiler specifically

describes various forms of mercury as being present within a flue gas:??**

Mercury appears in coal combustion flue gases in both solid and
gas phases (particulate-bound mercury and vapor-phase
mercury, respectively). The so called particulate-bound mercury
is really vapor-phase mercury adsorbed onto the surface of ash
or carbon particles. Due to the high volatility of mercury and
many of its compounds, most of the mercury found in flue gases
is vapor-phase mercury. Vapor-phase mercury can appear as
elemental mercury (elemental, metallic mercury vapor) or as
oxidized mercury (vapor-phase species of various compounds of
mercury).

The invention taught by Downs-Boiler promises an effective low-cost solution for

“mercury removal” from the flue gases “at coal-fired electric plants.”?*> The

2234 Ex. 1006 (Downs-Boiler) § [0002]; see also Ex. 1007 (Downs-Boiler-
Provisional) III [003].

22335 Ex. 1006 (Downs-Boiler) 11 [0016]; see also Ex. 1007 (Downs-
Boiler-Provisional) IT [0019].
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preamble of claim 1 of Downs-Boiler also identifies “a flue gas” as being such a

mercury-containing gas from which to remove mercury.?*3

21. Claim 24: “The method of claim 1, wherein the injection of
the sorbent into the mercury-containing gas occurs
upstream of a particulate separator, a scrubber, or a
combination thereof.”

1527. 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).?*’

2236 Ex. 1006 (Downs-Boiler) Claim 1; see also Ex. 1007 (Downs-Boiler-
Provisional) Claim 1.

2231 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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The use of the bromine-containing reagent as disclosed by Downs-Boiler “thereby
enhance[es] the overall removal of mercury in downstream pollution control
devices.”??3% 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).”?*° 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.”***’

1528. The concept of using a particulate separator 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 separator or a scrubber this would have been

obvious to a POSITA at the time.

2238 Ex. 1006 (Downs-Boiler) 11 [0007] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) § [009].

2239 Ex. 1006 (Downs-Boiler) 4 [0015] (emphasis added); see also Ex.
1007 (Downs-Boiler-Provisional) II [0018].

2240 Ex. 1006 (Downs-Boiler) 9 [0004] (emphasis added); see also EXx.
1007 (Downs-Boiler-Provisional) 4 [005].

2241 Ex. 1009 (EPA-Proposal) at 4676 (emphasis added).
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22, Claim 25: “The method of claim 24, wherein the particulate
separator comprises a baghouse, an electrostatic
precipitator, a fabric filter, or a combination thereof.”

1529. Downs-Boiler discloses this claim element. Downs-Boiler explains
that the desired removal of mercury from the flue gas is by a separation of the
particulate-bound mercury. Separation of the particulate-bound mercury
(mercury/sorbent composition), which includes the oxidized mercury adsorbed onto

the PAC as discussed above regarding claim element 25(c)(2), is removed from the

mercury-containing gas by a particulate collector as a way to clean the flue gas:***

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
been successfully applied for the separation and removal of trace
quantities of undesirable components.

Downs-Boiler illustrates a number of example particulate collection devices that
may be used to separate the mercury-sorbent composition to produce a cleaned gas,
each of which were well known to a POSITA. These particulate collectors include
“electrostatic precipitators (ESP) or fabric filters (FF), sometimes called baghouses”

that “provide high-efficiency removal of particulate-bound mercury.”?**

2242 Ex. 1006 (Downs-Boiler) § [0004]; see also Ex. 1007 (Downs-Boiler-
Provisional) 1l [005].

2243 Ex. 1006 (Downs-Boiler) 99 [0003] [0023], Figures 4-6; see also Ex.
1007 (Downs-Boiler-Provisional) ‘111 [004] [0026], Figures 4-6.

Expert Report of Dr. Stephen Niksa Page 1042

Exhibit 2011
Page 1051



1530. Downs-Boiler further discloses the method of claim 24, which is
described in the above section.

D. INDEPENDENT CLAIM 29

1. Claim 29: Element 29(a): “A method of separating mercury
from a mercury-containing gas, the method comprising:”

1531. The language of the preamble of claim 29 is identical to the preamble
of claims 28 and 1. Accordingly, the explanation I provide above for the preamble
of claim 28 applies equally to the preamble of claim 29.

2. Claim 29: Element 29(b): “combusting coal in a combustion
chamber, to provide the mercury-containing gas, wherein
the mercury-containing gas comprises a halogen or halide
promoter comprising HBr, Br—, or a combination thereof,
wherein”

1532. The language of this claim element is identical to claim element 28(b).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

3. Claim 29: Element 29(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound, or a
combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,
HBr, a bromide compound, or a combination thereof, or a
combination thereof:;”

1533. The language of this claim element is identical to claim element 28(c)-
(e). Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.
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4. Claim 29: Element 29(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide promoter
in the mercury-containing gas to form a promoted

sorbent;”

1534. The language of this claim element is identical to claim element 28(f).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

1535. In addition, Downs-Boiler discloses adding Br2, HBr, or an "aqueous
solution of calcium bromide" (CaBr2) to the coal and/or combustion chamber.??*
HBr and Br— are examples of a ‘“halogen or halide promoter.” Downs-Boiler
expressly discloses HBr and aqueous solutions of calcium bromide that dissociate in
water to form bromide ions (Br—).?>* Downs-Boiler also confirms that the bromine-
containing species are present in the mercury-containing flue gas, stating that they
are responsible for “enhanc[ing] the removal of mercury.”?%4

1536. Downs-Boiler also discloses “injection of a carbonaceous sorbent (e.g.,
powdered activated carbon, or PAC) into the flue gas upstream of the dust collector

992247

to adsorb vapor-phase mercury. . Downs-Boiler describes "PAC injection

2244 Ex. 1006 (Downs-Boiler) [0018]-[0021], Fig. 2.
2243 Ex. 1006 (Downs-Boiler) [0018]-[0019].

2246 Ex. 1006 (Downs-Boiler) [0015]-[0016].

2247 Ex. 1006 (Downs-Boiler) [0004].
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systems” as a component of “downstream pollution control systems,” as they are
“downstream” of the combustion chamber.??*3

1537. A POSITA would have understood that activated carbon and the halide
promoter (bromide) would have reacted to form at least a quantity of promoted
sorbent. For example, it was well known that halides form chemical bonds directly
with activated carbon, and improve mercury capture not only by oxidizing elemental
mercury (Hg0) to the more easily removed Hg2+ form, but also by enhancing the
reactivity of HgO with activated carbons. Indeed, Downs-Boiler teaches that
halogens may be "incorporated into the carbonaceous sorbent" to "yield sorbents that
more strongly bond with adsorbed mercury species" (i.e., forming a promoted
sorbent).??* A POSITA would have also known that on account of the enhanced
reactivity of activated carbon to mercury, the sorbent/halogen composition would

have been considered a "promoted" sorbent.

S. Claim 29: Element 29(g): “contacting mercury in the
mercury-containing gas with the promoted sorbent;”

1538. The language of this claim element is identical to claim element 28(g).
Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.

2248 Ex. 1006 (Downs-Boiler) [0015].
2249 Ex. 1006 (Downs-Boiler) [0004].
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6. Claim 29: Element 29(h): “separating the promoted sorbent
contacted with the mercury from the mercury-containing

gas;”

1539. The language of this claim element is identical to claim element 28(h).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

7. Claim 29: Element 29(i)-(m): “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 Br2, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1540. The language of this claim element is identical to that of claim 10.
Accordingly, the explanation I provide above for that claim applies equally to these
claim elements.

XLV.GROUND AA: OBVIOUSNESS OF THE ’430 PATENT OVER
DOWNS-BOILER IN VIEW OF EPA-PROPOSAL

1541. It is my opinion that Downs-Boiler in view of the EPA-Proposal renders
obvious each of claims 1, 10, 15, 16, and 28-29. Elements and claims not mentioned
below are disclosed and/or obvious for the reasons stated above in Ground Z.

8. Claims 1, 28, and 29: Claim Elements 1(f), 28(f)., and 29(f)

1542. From the disclosure of Downs-Boiler, POSITA would have found
claims 1, 24, and 28 (and claims depending from them) obvious in view of EPA-

Proposal.
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a. Element 1(f)—*“injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber;”

b. Element 28(f)—“injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber;”

C. Element 29(f)—*“injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide
promoter in the mercury-containing gas to form a
promoted sorbent;”

1543. In addition to the reasons described in Ground Z, claim elements 1(f),
28(f), and 29(f) would have been obvious over Downs-Boiler in view of the EPA-
Proposal.

1544. EPA-Proposal also discloses introducing sorbents into the flue gas for
mercury removal by direct sorbent injection.?*>® EPA-Proposal teaches that “[w]ith
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 PM control device.”?**! EPA-Proposal discloses activated carbon (regular
2252

and impregnated) as a type of sorbent for use in sorbent injection.

9. Claims 1. 28. and 29: Claim Elements 1(g). 28(g). and 29(g)

2250 Ex. 1009 (EPA-Proposal) at 4676.

2251 Ex. 1009 (EPA-Proposal) at 4676.
2252 Ex. 1009 (EPA-Proposal) at 4676.
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a. Element 1(g)—*“contacting mercury in the mercury-
containing gas with the sorbent; and”

b. Element 28(g): “contacting mercury in the mercury-
containing gas with the sorbent; and”

C. Element 29(g): “contacting mercury in the mercury-
containing gas with the promoted sorbent;”

1545. In addition to the reasons described in Ground Z, claim elements 1(g),
28(g), and 29(g) would have been obvious over Downs-Boiler in view of the EPA-
Proposal.

1546. EPA-Proposal also teaches that the mercury in the mercury-containing
gas contacts the sorbent, as evidenced by EPA-Proposal's disclosure of activated
carbon having an internal pore structure that allows the activated carbon to “adsorb
a broad range of contaminants,” including “good to excellent Hg removal with the
injection of AC.”?%33

10. Claim 10: “The method of claim 1, further comprising
measuring the mercury content of the mercury-containing
gas; and modifying, in response to the measured mercury
content of the mercury-containing gas, an injection rate of
injecting the sorbent into the mercury-containing gas, an
amount of the Br,, HBr, the bromide compound, or a

combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1547. In addition to the reasons described in Ground Z, claim 10 would have

been obvious over Downs-Boiler in view of the EPA-Proposal. When starting from

2253 Ex. 1009 (EPA-Proposal) at 4676.
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Downs-Boiler, a POSITA would have found it obvious to control the sorbent
injection rate in view of EPA-Proposal in achieving mercury emissions targets. As
described above, Downs-Boiler monitors mercury content and controls the addition
rate of bromine and/or bromine compound. EPA-Proposal discusses an additional
control variable that can be adjusted based on mercury content in the mercury-
containing gas. EPA-Proposal explains that when using 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

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.

1548. Accordingly, a POSITA would have been motivated to combine the
teachings of Downs-Boiler and EPA-Proposal to modify, in response to the
measured mercury content, the sorbent injection rate to optimize sorbent injection

while maintaining adequate mercury removal. A POSITA would have further

understood that coal composition varies in native mercury and halogen content and

2254 Ex. 1009 (EPA-Proposal) at 4676 (emphasis added).
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would have adjusted the sorbent injection rate as part of routine optimization and
process control to account for the fluctuating coal content, with a reasonable

expectation of success.

11. Claims 15 and 16

a. Claim 15: “The method of claim 1, comprising
removing greater than 70 wt % of the mercury in the
mercury-containing gas.”

b. Claim 16: “The method of claim 1, comprising
removing greater than 70 wt % of the mercury in the
mercury-containing gas with the sorbent.”

1549. In addition to the reasons described in Ground Z, claim 15 would have
been obvious over Downs-Boiler in view of the EPA-Proposal. As described in
Ground Z, 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.?2¢
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.?>>” EPA-Proposal discloses targeting 70% mercury removal

by introducing activated carbon (including halogen-impregnated varieties) into the

2255 Ex. 1006 (Downs-Boiler) Figure 3 (annotated); see also Ex. 1007
(Downs-Boiler-Provisional) Figure 3.

2256 Ex. 1006 (Downs-Boiler)  [0001]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11 [002].

2257 Ex. 1009 (EPA-Proposal) at 4698.
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flue gas and utilizing other known methods. At least by January 2004, the EPA
announced to the coal-fired industry that upcoming regulations would require an
eventual 70% reduction in mercury emissions, motivating researchers to adopt
processes that would achieve those limits.?>® EPA-Proposal also discusses
enforcement mechanisms, including "automatic...financial penalties" for mercury
emissions exceeding the desired levels.??*® Relatedly, Downs-Boiler discusses EPA
standards regulating mercury emissions from coalfired plants.?*® Thus, Downs-
Boiler discloses the need to comply with regulatory requirements for mercury
emissions, such as those set forth in EPA-Proposal.

1550. Furthermore, EPA-Proposal discusses several ways to reduce mercury
emissions to a desired level, including by injecting activated-carbon sorbent material
(bare or halogen-impregnated), and controlling the activated-carbon injection
rate.??®! A POSITA would have had a reasonable expectation of success in
combining Downs-Boiler with EPA-Proposal because, like Downs-Boiler, EPA
Proposal describes "sorbent injection" into the flue gas.?**? “[A]fter sorbent is
introduced into the flue gas, it adsorbs Hg and other contaminants and is captured

downstream in an existing or sorbent-specific PM [particulate matter] control

2258 Ex. 1009 (EPA-Proposal) at Cover, 4652, 4698.
2259 Ex. 1009 (EPA-Proposal) at 4701.
2260 Ex. 1006 (Downs-Boiler) § [0001].

2261 Ex. 1009 (EPA-Proposal) at 4698.
2262 Ex. 1009 (EPA-Proposal) at 4698.
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device.”**% EPA-Proposal describes "activated carbon" as an exemplary sorbent for
injection into flue gas.?*%*

1551. Therefore, a POSITA would have been motivated to combine the
teachings of Down-Boiler and EPA-Proposal to operate their coal-fired plants in a
manner compliant with the EPA-Proposal to avoid eventual regulatory fines for

emissions violations, to try the remediation methods described by the EPA-Proposal.

XLVI. GROUND AB: OBVIOUSNESS OF THE ’430 PATENT OVER
DOWNS-BOILER IN VIEW OF NELSON

1552. It is my opinion that Downs-Boiler in view of Nelson renders obvious
each of claims 1, 13-15, 28, 29. Elements and claims not mentioned below are
disclosed and/or obvious for the reasons stated above in Ground Z and Ground AA
above.

12. Claims 1, 28. and 29

1553. From the disclosure of Downs-Boiler, POSITA would have found
claims 1, 24, and 28 (and claims depending from them) obvious in view of Nelson.

a. Element 1(f)—*“injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber;”

b. Element 28(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber;”

2263 Ex. 1009 (EPA-Proposal) at 4698.
2264 Ex. 1009 (EPA-Proposal) at 4698.
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c. Element 29(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide
promoter in the mercury-containing gas to form a
promoted sorbent;”

1554. In addition to the reasons described above in Grounds Z and AA, claim
elements 1(f), 28(f), and 29(f) would have been obvious over Downs-Boiler in view
of Nelson. Downs-Boiler describes “particulate collectors” including electro static
precipitators (ESP) and fabric filters (FF) that “provide high-efficiency removal of

2265 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

2267 a5 described in Ground Z.

particulate collector,
1555. 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

2263 Ex. 1006 (Downs-Boiler) 11 [0003]; see also Ex. 1007 (Downs-
Boiler-Provisional) q [004].

2266 Ex. 1006 (Downs-Boiler) § [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) 11l [004].

2267 Ex. 1006 (Downs-Boiler) 4 [0004] (emphasis added); see also EXx.
1007 (Downs-Boiler-Provisional) 411 [005].
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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
separator (such as a fabric filter).

1556. Downs-Boiler also describes an embodiment in which an electrostatic
precipitator (ESP) is used as a particulate separator.’?’”° 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 mercury control.??’! In this equipment arrangement, the air preheater 22

follows the ESP 32.%27?

2268 Ex. 1012 (Nelson) at 9:36-42

2269 Ex. 1012 (Nelson) at 9:43-50

2270 Ex. 1006 (Downs-Boiler) § [0003]; see also Ex. 1007 (Downs-Boiler-
Provisional) III [004].

2271 Ex. 1012 (Nelson) at 10:9-11.
2272 Ex. 1012 (Nelson) at Figure 4, 10:9-13
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1557. Nelson discloses that in such a configuration, as shown in Figure 4, the
activated carbon is injected “from bin 71,” which is upstream from the air-preheater
(item 22) and upstream from a particulate separator (item 32).%2”* 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.

13. Claim 13: “The method of claim 1, wherein the mercury-

containing gas comprises about 1 g to about 30 g of the
element bromine per 100 g of the sorbent.”

1558. In addition to the reasons described in Grounds Z and AA for claim 13,
claim 13 would have been obvious over Downs-Boiler in view of Nelson. Nelson
describes preparation of a promoted activated-carbon sorbent formed from about 1
g to about 30 g of bromide per 100 g of sorbent:

Any level of bromination of carbonaceous substrates appears to
increase their mercury-removal performance. While over 30 wt

% of Bra (g) can be adsorbed into some powdered activated
carbons, for example, significant increases in mercury reactivity

2273 Ex. 1012 (Nelson) at 10:20-22.
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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
substrate.?*™

1559. While Downs-Boiler discloses injecting hydrogen bromide (HBr) or
bromine (Br2)**>upstream of or within the combustion chamber, it does not
explicitly disclose the claimed ratio in the mercury containing gas (i.e., about 1 to
about 30 grams the element bromine per 100 g of the sorbent, e.g., activated carbon).

1560. A POSITA would have been motivated to load the activated carbon
with up to nearly its saturation limit to increase its reactivity and ability to adsorb
mercury. And a POSITA would have known that the saturation limit of activated
carbon for bromine (i.e., the amount of bromine activated carbon can actually hold
at equilibrium), was about 31-38 grams per 100 grams of activated carbon. Given
the residence times in flue gas, a POSITA would have understood that the bromine
loaded onto activated carbon would be less than the saturation limit.

1561. In addition, Nelson describes a promoted activated-carbon sorbent
formed from about 1 g to about 30 g of bromide per 100 g of sorbent. Specifically,

Nelson explains that “[w]hile over 30 wt % of Br2(g) can be adsorbed into some

2274 Ex. 1012 (Nelson) at 8:35-42.
2275 Ex. 1006 (Downs-Boiler) at [0015], [0021], Fig. 2.
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powdered activated carbons, for example, significant increases in mercury reactivity
will be observed with only about 1 wt % Br2(g) in the PAC.”??7¢

1562. Therefore, a POSITA would have been motivated to combine the
teachings of Downs-Boiler, Nelson, and/or knowledge in the art to use about 1 to
about 30 grams of element bromine per 100 g of sorbent (activated carbon) to load
the sorbent, e.g., activated carbon, sufficiently to increase its reactivity and ability
to adsorb mercury and to optimize the use of the bromine and mercury removal.

14. Claim 14: “The method of claim 1, wherein the sorbent

contacted with the mercury comprises the element bromine
and mercury.”

1563. As described above for Grounds Z and AA, the mercury in the flue gas
is adsorbed, and thus contacted, with the sorbent to form a mercury/sorbent
composition that comprises the element bromine, the sorbent material, and mercury.
Downs-Boiler states that this adsorption occurs “due to the higher reactivity of
oxidized mercury with PAC.”?*”7 In addition to the reasons provided in Ground E
and Ground F, related to—forming a “promoted sorbent”—and—forming a
“mercury/sorbent composition compris[ing] the element bromine, the sorbent
material, and mercury”—the “contacting” limitations would have been obvious in

view of Downs-Boiler over Nelson. A POSITA would have understood that at least

2276 Ex. 1012 (Nelson) at 8:35-40.
2277 Ex. 1006 (Downs-Boiler) § [0016]; Ex. 1007 (Downs-Boiler-
Provisional) IT [0019].
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a portion of the bromine would be available to promote the activated carbon to form

a promoted sorbent.

1564. The bromine-containing gas in Nelson is explained as acting as a

promoter in that it “increase[s] the ability of the carbonaceous substrate [activated

carbon] to adsorb mercury and mercury-containing compounds.”?*”® When the

promoted sorbent is present in the mercury containing flue gas, Nelson describes

that the mercury in the mercury-containing gas reacts (and thus contacts) the

activated carbon and bonds to it to form a mercury/sorbent composition that contains

mercury, halide promoter (bromide), and sorbent (activated carbon).

Nelson

describes that this takes place for both elemental mercury and oxidized mercury:

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.??”

2278
2279

Expert Report of Dr. Stephen Niksa

Ex. 1012 (Nelson) at Abstract; see also Ex. 1012 (Nelson) at Claim 1.

Ex. 1012 (Nelson) at 6:26-41.
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Mixing with the flue gas, the sorbent adsorbs its elemental
mercury and oxidized mercury species.?*%’

1565. Accordingly, in view of Downs-Boiler’s disclosure of mercury bromide
adsorbing onto activated carbon, and Nelson’s description of the mercury-carbon-
bromine reaction, a POSITA would have understood that a mercury/sorbent
composition would be formed that includes mercury, sorbent, and bromine.

15. Claim 15: “The method of claim 1, comprising removing

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

1566. In addition to the reasons described above from the disclosures in
Downs-Boiler, Claim 15 would have been obvious over Downs-Boiler in view of
Nelson. For example, as explained above with respect to claim 15, 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
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

2280 Ex. 1012 (Nelson) at 9:35-37
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to oxidized mercury species.”??8! 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

” EE—— . - -
0| — FGDPACWIthBr, — —

Hg vapor removal (%)
due to sorbent

0 2 Kl 6 8 10
Sorbent Injection Rate (Ib/MMacf)

1567. At a sorbent injection rate of approximately 4 lb/MMacf, Nelson
achieves above 70% removal by the sorbent itself.??®> And based on the trending
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

2281 Ex. 1006 (Downs-Boiler) 11 [0005]; see also Ex. 1007 (Downs-Boiler-

Provisional) 11 [006].
2282 Ex. 1012 (Nelson) at 15:35-38.
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processes disclosed in Nelson and Downs-Boiler to remove 70% or more mercury
from the mercury-containing flue gas, including on the sorbent.
XLVII. GROUND AC: ANTICIPATION OF THE °’430 PATENT OVER

VOSTEEN AND/OR OBVIOUSNESS OVER VOSTEEN IN VIEW OF
GRANITE

A. INDEPENDENT CLAIM 28

1. Claim 28: Element 28(a): “A method of separating mercury from
a_ mercury-containing as [sic|, the method comprising:”

1568. 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.??®* Claim 1 of Vosteen also discloses the preamble, as shown in the

2285

highlighting below:

2283 Ex. 1008 (Vosteen) at Title.
2284 Ex. 1008 (Vosteen) at 2:16-20, 2:35-37.
2285 Ex. 1008 (Vosteen) at Claim 1.
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1. Process for removing mercury from mercury-
containing flue gases of a furnace within which a combus-
lion or incineralion 15 carmned out, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
fue gas ol the furnace in a plant section downstream ol
the furnace, or to both the furpace and the flue gas, the
temperature during the first contact of the bromine or of
said mixture with the flue gas being at least 500° C.,

the combustion or incineration is carried oul in the
presence of a sulphur compound,

and then the flue gas is subjected o0 a cleanup for

removing mercury from the flue gas.

Subjecting flue gas “to a cleanup for removing mercury from the flue gas” refers to
separating mercury from a mercury-containing gas. Claim 18 of Vosteen also

discloses the preamble, as shown in the highlighting below.

18, A process for removing mercary (Fom miercurv-contain-
ing flue gases af a furnace, comprising:

carrying out a combustion or incineration process, within
the furnace. in the presence of a sulphur compound;

Seeding bromine, a bromine compound, o mixivre of bro-
mine compounds, or a mixture of bromine and one or
more browmine campounds o ar least one of the jurnace
or a flue gas of the furnace in a plant section downstream
Sfrom the furnace, a temperatuve at firsi contact of the
bromine, bromine compound, mixture of bromine com-
pounds, or mixiere of bromine and one ov more broming
compaunds with the mercury-containing flue gas being
af feast SO0 O and

subjecting the mercury-containing flue gas fo a cleanup for
siehstantially remaving nieveury from the merciry-con-
taining flue gas. wherein the cleanup for subsrantiaily
remeoving mevcury from the mevcury-comaining flue gas
includes a drv cleanup stage comprising at least one
sorbent, and

2. Claim 28: Element 28(b): “combusting coal in a combustion
chamber, to provide the mercury-containing gas, wherein the
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mercury-containing gas comprises a halogen or halide promoter

comprising HBr, Br—, or a combination thereof, wherein”

1569. Vosteen discloses this claim element. Vosteen discloses that one of the

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

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 .

2286

Vosteen also describes a “coal-fired power station of Bayer AG in Uerdingen (see

FI1G.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, highlighted

below:

2286
2287
2288
2289

Ex
Ex
Ex
Ex

. 1008 (Vosteen) at 7:25-28.
. 1008 (Vosteen) at 10:63-11:6.
. 1008 (Vosteen) at 11:23-24.

. 1008 (Vosteen) at Claims 1, 18.
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l. Process for removing mercury from mercury-
containing flue gases of a furnace within which a combus-
lton or incineration is carned oul, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a broming
compound or compounds, is fed to the furnace or to the
flue gas of the furnace in a plant seclion downstream of
the fumace, or to both the furpace and the Mue gas, the
temperature during the first contact of the bromine or of
said mixture with the flue gas being at least 5300° C.,

the combustion or incincration is carmed oul in the
presence of a sulphur compound,

and then the flue gas is subjected w a cleanup for

removing mereury from the fuc gas.

I8, A process for removing mercury from mercury-coniain-
ing flue gases of a finnace, comprising:
carrving oul a conbusifon or incineration process, within
the furnace, in the presence of a sulphur compound;

r
feeding the coal to the furnace,
the process further comprising feeding sulphur, a sulphur
compound or a mixivre of sulphur compownds to said
Jurnace based or measuring mercury contemt of 1he mer-
eUry-cana ining e s,

1570. 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
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a mixture of various bromine compounds is fed to 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, fo 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 to 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,

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

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

compound is spraved into one of the combustion chambers.****

2290 Ex. 1008 (Vosteen) at 1:65-2:5.

2291 Ex. 1008 (Vosteen) at 2:58-61.
2292 Ex. 1008 (Vosteen) at 4:4-19.
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[I]t 1s also possible to feed the bromine compound, for example an

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

dispersion to 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.

1571. 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):?2*

2293 Ex. 1008 (Vosteen) at 4:28-33.
2294 Ex. 1008 (Vosteen) at Claims 1, 2.
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1. Process for removing mercury from mercury-
containing flue gases ol a furnace within which a combus-
tion or incineration is carried out, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
fluc gas of the furnace in a plant section downstream of
the furnace, or to both the furnace and the flue gas, the
temperalure during the first contact of the bromine or of
said mixture with the flue gas being at least 500° C.,,

the combustion or incincration is carricd out in the
presence of a sulphur compound,

and then the flue gas is subjected 10 a cleanup for

removing mercury from the fluc gas.

2. Process according 10 claim 1, wherein the bromine
compound is an agueous solution of hydrogen bromide, an
alkali metal bromide, or a mixture thercol.

This claim element is also disclosed by claim 18 of Vosteen, highlighted below:**%

[ 8. A process for remaving merctry fFrom mercury-contain-
ing flue gases of a furnace, comprising:
carrving oul a combustion or incineration process, within
the firnace, in the presence of a sulphur compound;
Seeding bromine, a bromine compound, a mixture of bro-
mine compounds, or a mixture of bromine and one or
mare bromine compounds to at Teast one of the furnace

k sk ok

2295 Ex. 1008 (Vosteen) at Claim 18.
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wherein feeding the bromine, hromine ¢ rjmlrmurrrf wmitire
ol bramine r'r).'.upr'mrm'.*;. OF mixtire r._if'.'ar'.r.lm.f.rw and one
or mare bromine compounds to the furnace comprises:

applving the bromine, hromine compound, mixture of bro-
mine compounds, or mixture of bromine and one or more
hﬂ”r”‘ﬂ'!' r'rrf:rf.lunmf.'.' J-n'i' [rlr rl'rf“l"q'l‘i‘i'.\' '-'I".Hri'.l'lri:l‘”i" I".irf;?l" lrJJ"H-
mine, bromine compound, mixture of bromine com-
pounds, or a mixture of bromine and one or more bro
mine compounds io a coal; and

Jeeding the coal o the furnace,

1572. Vosteen discloses adding an “aqueous solution of hydrogen bromide”
to the coal and/or combustion chamber.??’ Vosteen continuously monitors the
mercury content of the cleaned gas, and, in response, continuously adjusts the rate
of addition to the coal or combustion chamber of the added bromine-containing
species.’??”” 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. HBr and Br— are examples of a “halogen or halide promoter.” A POSITA
would have known that at the high temperatures of the combustion system, the HBr
and Br— would be gaseous.

3. Claim 28: Elements 28(c)-(e): “the coal comprises an additive

comprising Br2, HBr, a bromide compound, or a combination

thereof, wherein the additive is added to the coal before the coal
enters the combustion chamber, or the combustion chamber

2296 Ex. 1008 (Vosteen) at 2:54-3:2.
2297 Ex. 1008 (Vosteen) at 5:48-55, Claim 9.
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comprises an additive comprising Br2, HBr, a bromide
compound. or a combination thereof, or a combination thereof.”

1573. Vosteen discloses this claim element. 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 the if appropriate

multistage furnace and/or to the flue gas in a plant section downstream of

the furnace.??’8

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.??”’

2298 Ex. 1008 (Vosteen) at 1:65-2:5.
2299 Ex. 1008 (Vosteen) at 2:58-61.
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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, fo 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 to 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,

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

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

compound is sprayed into one of the combustion chambers.***

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

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

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

substream, in particular recirculated flue gas, recirculated ash and

recirculated fly ash.?3%!

2300 Ex. 1008 (Vosteen) at 4:4-19.
2301 Ex. 1008 (Vosteen) at 4:28-33.
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1574. The “bromine and/or a bromine compound” identified above in
Vosteen refers to molecular bromine (Brz) and/or a compound containing the
element bromine (Br) bonded to other chemical elements.

1575. 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):**%

1. Process for removing mercury from mercury-
containing flue gases of a furnace within which a combus-
tion or incineration is carried out, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
fluc gas of the furnace mn a plant section downstream of
the furnace, or to both the furnace and the flue gas, the
temperalure during the first contact of the bromine or of
said mixture with the flue gas being at least 500° C.,

the combustion or incineration is carricd oul in the
presence of a sulphur compound,

and then the flue gas is subjected 0 a cleanup for

removing mercury from the fluc gas.

2. Process according 1o claim 1, wherein the bromine
compound is an agueous solution of hydrogen bromide, an
alkali metal bromicde, or a mixture thereol.

1576. This claim element is also disclosed by claim 18 of Vosteen,

highlighted below:*3%

2302 Ex. 1008 (Vosteen) at Claims 1, 2.
2303 Ex. 1008 (Vosteen) at Claim 18.
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[ 8. A process for removing mercury from merenry-coniain-
ing flue gases of a furnace, comprising:
carrving oul a combustion or incineration process, within
the firnace, in the presence of a sulphur compound;
Seeding bromine, a bromine l':.rml.'mu.‘:lr.f. a mixture of bro-
mine compounds, or a mixture of bromine and one or
move Bromine compounds to at least one of the fiurnace

i

* %k 3k

wherein _.I’é-e.';.l'a'nlq the bhromine, hromine ¢ nmfmmrrf_ mt e
ol Braming r'r]-mpr)umi’.*:, OF mivtire .r"._:fhnr.lﬂ-mw and one
or maore hromine compounds to the furnace comprises:

applving the bromine, bromine compeund, mixture of bro-
mine compounds, or mixture of bromine and one or more
hramine r'rj-r:rr.ln-umf.'.' in an agueons seftifian of the bro-
mine, bromine compound. mixture of bromine com-
pounds, ar a mixiure of bromine and one or more bro-
mine compounds io a coal; and

feeding the coal to the furnace,

4. Claim 28: Elements 28(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas downstream of
the combustion chamber;”

1577. This claim element is disclosed by Vosteen. Vosteen discloses
injecting activated carbon into a mercury-containing flue gas downstream of the
combustion chamber and contacting mercury with the sorbent to form a
mercury/sorbent composition”*** Vosteen discloses adding particulate sorbent
material comprising activated carbon by the introduction of cloth filters with
granulated activated carbon into the mercury-containing flue gas stream as part of

the flue gas emission control system downstream of the combustion chamber.?3%

2304 Ex. 1008 (Vosteen) at 1:35-45, 5:19-30.
2305 Ex. 1008 (Vosteen) at 5:19-30.
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1578. Alternatively, it would have been obvious to a person of skill in the art
to use the teachings of Vosteen concerning the use of a bromine additive with a flue
gas control system typical of a coal burning power plant.>% A POSITA would
understand that injection of activated carbon into the ductwork downstream of the
combustion furnace was the more common and readily available method of using
activated carbon for mercury control instead of the impinged fabric filters of
Vosteen.

1579. 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 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 ductwork downstream

of the combustion furnace was the more common and readily available method of

using activated carbon for mercury control instead of the impinged fabric filters of

2306 Ex. 1008 (Vosteen) at 7:25-32.
2307 Ex. 2003 (Granite 2000) at 1020, 1022.
2308 Ex. 2003 (Granite 2000) at 1026.
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Vosteen. Furthermore, a POSITA would have been motivated by Granites teaching
that the promotion of activated carbon using halogens such as chlorine and iodine to
combine the teachings of Vosteen regarding bromine with the state of the art

activated carbon systems it describes.?*%

5. Claim 28: Elements 28(g): “contacting mercury in the mercury-
containing gas with the sorbent; and”

1580. This claim element is disclosed by Vosteen. Vosteen discloses a

method of mercury removal which includes the contact (and adsorption) of mercury

by the sorbent.31°

6. Claim 28: Elements 28(h): “separating the sorbent contacted with
the mercury from the mercury-containing gas.”

1581. This claim element is disclosed by Vosteen. 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.*!! These are also

discussed in claims of Vosteen:?3!2

10. The process according to claim 8, whercin said
emission control system comprises filtration, electrostatic
separation or both.

2309 Ex. 2003 (Granite 2000) at 1020.
2310 Ex. 1008 (Vosteen) at 5:19-39; 2:17-31.

2311 Ex. 1008 (Vosteen) at 5:15-30.
2312 Ex. 1008 (Vosteen) at Claim 10.
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1582. 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.”?*!* 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 mercury (Hg).”?*!> The

claims of Vosteen further disclose a process of “cleanup” of the flue gas:*!6

1. Process for removing mercury from mercury-
containing flue gases of a furnace within which a combus-
tion or incineration is carned out, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
flue gas of the furnace in a plant section downstream of
the fumace, or to both the furnace and the Nue gas, the
lemperature during the first contact of the bromine or of
said mixture with the flue gas being at least 5007 C,

the combustion or incineration is carmied oudy in the
presence of a sulphur compound,

and then the flue pas is subjected o a cleanup for

removing mercury from the fuc gas.

2313 See, e.g., Ex. 1008 (Vosteen) at Abstract, 2:12-15, 5:1-5.
2314 Ex. 1008 (Vosteen) at 6:2-4.

2313 Ex. 1008 (Vosteen) at 1:50-53.

2316 Ex. 1008 (Vosteen) at Claims 1, 18.
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I8, A process for removing mercury fFam mereury-contain-
ing flue gases of a furtace, comprising:

carrving out a combustion or incineration process, within
the furnace, in the presence ofa sulphur compound

feeding bromine, a bromine compound, a mixture of bro-
mine compounds, or & mixture of bromine and one or
mave bromine compounds to ar least one of the furnace
or a flue gas of the furiace ina plant section dewnstream
[ram ihe furnace, a temperatuve ai firsi comtact of the
Bramine, bromive compound, mivivre of bromine com-
povwnds, or mixture of bromine and one or more bromine
compatnds with the mercurv-comtaining flue gas being
ar lease 80F C; and

subjecting the mercurv-containing flue gas to a cleanup for
suwbstantially remaoving mercury from the mercury-con-
taining flue gas, wherein the cleanup for substantiolly
remaving mevcury fram the mercuev-comiaining flue gas
includes a dry cleanup stage comprising ai least one
sorbent, and

1583. The “dry cleanup stage” and “dry sorbent” includes, for example, the
activated carbon injected into the mercury-containing flue gas that is separated by
the fabric filter.”*!” The “cleanup” and “removal” referred to by Vosteen in the
passages above refer to separating the mercury/sorbent composition from the
mercury-containing flue gas.

1584. Granite also discloses a number of different types of activated carbon.

B. INDEPENDENT CLAIM 1

1585. As shown in the redlines below, claim 1 is nearly identical to claims 28

and 29, with minor changes.

2317 Ex. 1008 (Vosteen) at 5:27-30.
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281, A method of separating mercury from a mercury-containing cas, the method comprising:

combusting coal in a combustion chamber, to prox ride the mercury -containing gas,
wherein Q’t‘%}‘t‘*tﬁ‘ﬁt‘ﬁ%&%’—ﬁ% 3
HB+ Br-ora< : :

the coal comprises an additive comprising Brz, HBr, a bromide compound, or a
combination thereof, wherein the additive is added to the coal before the coal
enters the combustion chamber, or

the combustion chamber comprises an additive comprising Brz, HBr, a bromide
compound, or a combination thereof, or

a combination thereof,

injecting a sorbent comprising activated carbon into the mercury-containing gas
downstream of the combustion chamber;

contacting mercury in the mercury-containing gas with the sorbent; and

separating the sorbent contacted with the mercury from the mercury-containing gas.
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201. A method of separating mercury from a mercury-containing gas, the method comprising:

combusting coal in a combustion chamber, to provide the mercury-containing gas,
wherein thi-serrnroconiannn s Sascompite s aalo e n o halil e PRSI SIS SO RINESIS
By rToor e combmaiion hereot wierem

the coal comprises an additive comprising Brz, HBr, a bromide compound, or a
combination thereof, wherein the additive is added to the coal before the coal
enters the combustion chamber, or

the combustion chamber comprises an additive comprising Brz, HBr, a bromide
compound, or a combination thereof, or

a combination thereof’

injecting a sorbent comprising activated carbon into the mercury-containing gas
downstream of the combustion-chambersuch-that the activated-carbon reactswith-the
halocen-orhahde prometerin-the merciry—contaunnc sas-to-fonnapromoted-serbent;

contacting mercury in the mercury-containing gas with the promoted sorbent; and

separating the promoted sorbent contacted with the mercury from the mercury-containing
gas:

meast

RS e Sec U Conient o the erchly COmRtae

hted-nercirvcontent:
A Hiechon tate ol HHer RS the wotheni 110 the e C iy CORIBHNRE A

anpmteuntofthe by Hbr the brennde compoundoraceombmatton thereot addedto
the-coal-erthecombustionchamber—or

aoombaaien thetedt,

1586. Accordingly, my analysis provided for claims 28 and 29 also applies to
claim 1. Vosteen anticipates and also renders obvious these claims. Claim 1 differs
from these claims in there are fewer limitations listed in Claim 1. Fewer limitations
would have been obvious to a POSITA.

1. Claim 1: Preamble—*“A method of separating mercury from a
mercury-containing gas, the method comprising:”
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1587. The language of the preamble of claim 1 is identical to the preamble of
claims 28 and 29. Accordingly, the explanation I provide above for the preamble of
claim 28 applies equally to the preamble of claim 1.

2. Claim 1: Element (1)(b)—*“combusting coal in a combustion
chamber, to provide the mercury-containing gas,”

1588. The language of claim element 1(b) is identical to the first portion of
claim element 28(b) [which is identical to claim element 29(b)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(b).

3. Claim 1: Element 1(c)—*“the coal comprises an additive

comprising Br2, HBr, a bromide compound, or a combination

thereof, wherein the additive is added to the coal before the coal
enters the combustion chamber, or”

1589. The language of claim element 1(c) is identical to the language of claim
element 28(c) [which is identical to claim element 29(c)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(c).

4. Claim 1: Element 1(d)—*the combustion chamber comprises an

additive comprising Br2. HBr. a bromide compound, or a
combination thereof or

1590. The language of claim element 1(d) is identical to the language of claim
element 28(d) [which is identical to claim element 29(d)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim

element 1(d).
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S. Claim 1: Element 1(e)—“a combination thereof:”

1591. The language of claim element 1(e) is identical to the language of claim
element 28(e) [which is identical to claim element 29(e)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(e).

6. Claim 1: Element 1(f)—“injecting a sorbent comprising activated

carbon into the mercury-containing gas downstream of the
combustion chamber;”

1592. The language of claim element 1(f) is identical to the language of claim
element 28(f) [which is identical to the first portion of claim element 29(f)].
Accordingly, the explanation I provide above for those claim elements applies
equally to claim element 1(b).

7. Claim 1: Element 1(g)—*‘“contacting mercury in the mercury-
containing gas with the sorbent; and”

1593. The language of claim element 1(g) is identical to the language of claim
element 28(g) [which is identical to claim element 29(g)]. Accordingly, the
explanation I provide above for those claim elements applies equally to claim
element 1(g).

8. Claim 1: Element 1(h)—*“separating the sorbent contacted with
the mercury from the mercury-containing gas.”

1594. The language of claim element 1(h) is identical to the language of claim

element 28(h) [which is identical to claim element 29(h)]. Accordingly, the
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explanation I provide above for those claim elements applies equally to claim
element 1(h).

C. CLAIMS DEPENDING FROM CLAIM 1

1. Claim 2: “The method of claim 1, wherein the coal comprises the
additive comprising the Br2, HBr, the bromide compound, or a
combination thereof, wherein the additive is added to the coal
before the coal enters the combustion chamber.

1595. Claim 2 is disclosed by Vosteen. Vosteen discloses mixing bromide
compounds in with the coal before entering the combustion chamber:

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, fo 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 to 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,

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

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

compound is spraved into one of the combustion chambers.*'®

2318 Ex. 1008 (Vosteen) at 4:4-19.
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[I]t 1s also possible to feed the bromine compound, for example an

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

dispersion to 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.

1596. 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):?3

2319 Ex. 1008 (Vosteen) at 4:28-33 (emphasis added); see also id. at 2:54-
3:2, 3:66-4:33, 6:65-7:32.
2320 Ex. 1008 (Vosteen) at Claims 1, 2.

Expert Report of Dr. Stephen Niksa Page 1082

Exhibit 2011
Page 1091



1. Process for removing mercury from mercury-
containing flue gases ol a furnace within which a combus-
tion or incineration is carried out, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
fluc gas of the furnace in a plant section downstream of
the furnace, or to both the furnace and the flue gas, the
temperalure during the first contact of the bromine or of
said mixture with the flue gas being at least 500° C.,,

the combustion or incincration is carricd out in the
presence of a sulphur compound,

and then the flue gas is subjected 10 a cleanup for

removing mercury from the fluc gas.

2. Process according 10 claim 1, wherein the bromine
compound is an agueous solution of hydrogen bromide, an
alkali metal bromide, or a mixture thercol.

1597. This claim element is also disclosed by claim 18 of Vosteen,

highlighted below:?3?!

1 8. A process for removing mercury from mereury-contain-
ing flue gases of a furnace, comprising:
carrying oul a combustion or incineration process, within
the furnace, in the presence of a sulphur compound);
Jeeding bromine, a bromine compound, a mixiure of bro-
mine compounds, or a mixture of bromine and one or
morve Bromine compounds to at Teast one of the furnace

* %k sk

2321 Ex. 1008 (Vosteen) at Claim 18.
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wherein feeding the bromine, hromine ¢ rjmlwu.'rrrf wmitire
ol bramine r'r).'.ul.vr:aum:a'.*.'. OF mixtire r._lj'.'ar'.r.uu.f:w and one
or more bromine compounds to the furnace comprises:

applving the bromine, bromine compeound, mixture of bro-
mine compounds, or mixture of bromine and one or more
hﬂ”r”‘ﬂ'!' r'rrf.rrf.lunmf.'.' J-ﬁ' i R RN '-'I"Jlriul'lri:f”i" r.i,lr'H'r.r' lIJJ"H-
mine, bromine compound, mixture of bromine com-
pounds, or a mixture of bromine and one or more bro
mine compounds io a coal; and

Jeeding the coal o the furnace,

2. Claim 3: “The method of claim 1, wherein the combustion
chamber comprises the additive comprising the Br2, HBr, the
bromide compound. or a combination thereof.”

1598. Vosteen discloses this claim. As I explain regarding claim element
28(d), Vosteen describes that the combustion chamber (sometimes referred to as
“furnace” or “boiler” in Vosteen) comprises added aqueous hydrogen bromide
[HBr(aq)], bromide compounds in solid or aqueous form (e.g., sodium bromide
[NaBr(s) or NaBr(aq)], molecular bromine (Br»), and mixtures thereof.

3. Claim 4: “The method of claim 1, wherein the coal is combusted
in the combustion chamber at a coal-combustion facility, wherein
the additive comprising the Br2, HBr, bromide compound, or
combination thereof, is added to the coal before the coal enters the
combustion chamber, wherein the addition of the additive
comprising the Br2, HBr, bromide compound, or combination
thereof, to the coal is performed at the coal-combustion facility.”

1599. Vosteen discloses this claim element. Vosteen discloses that its

methods for mercury control are applicable at coal-combustion facilities.?3??
2322 Ex. 1008 (Vosteen) at 1:4-21..
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1600. The language in claim 4 is comparable to the language in claim element
28(c). Accordingly, the explanation I provide above for that claim element applies
equally to claim 4.

4. Claim 6: “The method of claim 1, wherein the combustion
chamber is an electric utility coal combustion chamber.

1601. Vosteen discloses this claim element. Vosteen discloses that its

methods for mercury control are applicable at an electric utility coal-combustion

chamber.?3?3

5. Claim 7: “The method of claim 1, wherein the combustion
chamber is a coal combustion furnace.

1602. Vosteen discloses this claim element. The explanation I provide above
for claims 4 and 6 are equally applicable to claim 7.

6. Claim 8: “The method of claim 1, wherein the coal comprises a
subbituminous coal.

1603. 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**

7. Claim 10: “The method of claim 1, further comprising measuring
the mercury content of the mercury-containing gas; and
modifying, in response to the measured mercury content of the
mercury-containing gas, an injection rate of injecting the sorbent
into the mercury-containing gas, an amount of the Br,, HBr, the

2323 Ex. 1008 (Vosteen) at 1:4-21..
2324 Ex. 1008 (Vosteen) at 2:32-53.
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bromide compound, or a combination thereof, added to the coal
or the combustion chamber, or a combination thereof.”

1604. This limitation is disclosed by Vosteen. Vosteen discloses measuring
the mercury content of the mercury-containing gas. 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.”?*?° Measurements of the mercury content are depicted in Figures 2-8 of

2326

Vosteen,?*?° and are also recited in claim 9 of Vosteen:>3?’

9. Process according 10 claim 8, wherein the mercury
content of the [lue gas 1s measured conlinuously downsiream
of the flue gas emission control system and the amount of
bromine, bromine compounds fed and any sulphur or sul-

phur compounds fed 1s conrolled on the basis of the
measured mercury confent.

Measuring mercury content of the cleaned gas is a form of monitoring the mercury.
1605. 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 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

2325 Ex. 1008 (Vosteen) at 5:48-50.
2326 Ex. 1008 (Vosteen) at Figs. 2-8.
2327 Ex. 1008 (Vosteen) at Claims 9.
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substances and/or the mixture of sulphur substances is
controlled.”*?

1606. 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 (Brz), and mixtures
thereof, and these bromine-containing species are added to either the coal or to the
combustion chamber. Claim Element 10(c) is also disclosed by claim 9 of
Vosteen. >

1607. As discussed above in Claim Element 10(c), Vosteen continuously
monitors the mercury content of the cleaned gas, and, in response, continuously
adjusts the rate of addition to the coal or combustion chamber of the added bromine-
containing species.?**° 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 (Br»), and mixtures thereof, and
these bromine-containing species are added to either the coal or to the combustion
chamber.

1608. A POSITA would have understood that adjusting the rate of addition of

bromine-containing species would have affected the sorbent composition (e.g., the

2328 Ex. 1008 (Vosteen) at 5:48-55.

2329 Ex. 1008 (Vosteen) at Claims 9.
2330 Ex. 1008 (Vosteen) at 5:48-55, Claim 9.
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amount of bromine and/or adsorbed mercury on the sorbent). A POSITA reviewing
the figures of Vosteen would have known to use the monitored mercury content to
control the injection rate of bromine-containing promoter, and thereby controlled the
activated-carbon sorbent composition, in response to the monitored mercury content
of the cleaned gas. Therefore, A POSITA would have known that by controlling the
feed rate of bromine-containing species, the sorbent composition in the mercury-
containing gas would have also been controlled.

1609. A POSITA would have known that activated carbon was expensive,
especially relative to costs of components such as HBr or sodium bromide. Thus, a
POSITA would have been motivated to adjust the addition rate of bromine-
containing species to remove sufficient mercury while minimizing the sorbent
injection rate. A POSITA viewing the figures of Vosteen (e.g., Figs. 5-8) showing
bromine injection versus mercury removal would have been motivated, and thus it
would have been obvious, to at least try using the charts to control the sorbent
injection rate at a level that minimized costs while reaching mercury removal targets.
Furthermore, due to the variability of the composition of coal as a fuel source
(including for example, native mercury and halogen content), as described in the

State of the Art,>*3! it would have been obvious that some amount of adjustment to

2331 State of the Art, § XII.B.1.
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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.

8. Claim 11: “The method of claim 10, wherein the measuring of the
mercury content comprises continuous measurement.”

1610. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 24 of the '225 patent. ME2C's
infringement contentions do not include claim 24 of the '225 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

9. Claim 12: “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 Br2, HBr, the bromide compound, or a

combination thereof, added to the coal or the combustion
chamber. or a combination thereof.”

1611. The language of claim 12 is substantially identical to the language of
claim 10. Accordingly, the explanation I provide above for claim 10 applies equally
to claim 12.

10. Claim 13: “The method of claim 1, wherein the mercury-

containing gas comprises about 1 g to about 30 ¢ of the element
bromine per 100 g of the sorbent.”

1612. Claim 13 would have been obvious over Vosteen. In Figure 6 of
Vosteen, the Y-axis represents the percentage by weight of elemental mercury

(labeled Hgme: for metallic mercury) compared to total mercury (labeled Hgiw:). On
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the X-axis, Vosteen plots the total bromine concentration in the mercury-containing

gas (Briwt), which is the sharper curve.?3*?

G Gy [ by waight]

1800 2000 2500 3000 mon anan A0 L

Bry, or Cl. [mgém® 5.T.F. db]
Fig. &

1613. The values on the X-axis are presented as mg/m?® S.T.P. db, which
is milligrams Br per cubic meter of mercury-containing flue gas, on a dry
basis’®**® at standard temperature (25 °C) and standard pressure (1 atm).
Vosteen also describes that activated carbon is used in his system,?*** but does not
expressly state the injection rate of activated carbon into the system downstream of
the combustion chamber.

1614. A person of ordinary skill in the art would have known to use, or at least

start with as a first approximation, widely accepted values for injection rates of

2332 Ex. 1008 (Vosteen) at 10:58-61.

2333 Ex. 1008 (Vosteen) at 1:18.
2334 Ex. 1008 (Vosteen) at 5:23-29, 5:37.
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activated carbon. As described above,??

it was routine in the industry to use
injection rates of activated carbon of around 10 pounds/MMacf (million actual cubic
feet of flue gas) to capture mercury. Based on the data presented by Vosteen of 50
mg bromine per m> of flue gas S.T.P. db (the first datapoint described by
Vosteen),**¢ and a standard and well-known injection rate of activated carbon of
around 10 pounds/MMacf, a person of ordinary skill in the art would have used, or
at least tried using, a mercury-containing gas that comprises about 20 grams of the
element bromine per 100 grams of sorbent, which is within the claimed range of 1-
30 grams bromine per 100 grams sorbent. I explain my calculations below.

1615. In order to determine a ratio of bromine concentration in the flue gas to
activated carbon in the flue gas, the concentrations must have the same units—such
as grams per actual cubic feet or pounds per million actual cubic feet. Vosteen
provides the gas-phase concentration of bromine in units of mg/m® Standard
Temperature and Pressure (STP) dry basis (db). Activated-carbon injection
concentrations were typically provided in pounds (Ibs.) per million actual cubic feet
(MACEF) of flue gas. Converting between the two would have been a routine

calculation at a power plant to a person of ordinary skill in the art and would have

involved such basic concepts as the ideal gas law (to convert concentrations between

2335 State of the Art, § XII.C.5, XII.G
2336 Ex. 1008 (Vosteen) at 10:37-45.
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temperatures and pressures), which was taught in first semester undergraduate
chemistry to a person of skill in the art.**” Such unit conversion would have also
involved basic engineering knowledge of a power-plant operation, such as a typical
flue gas temperature, pressure, and moisture content. Each of these would have been
well-known to a person of skill in the art.

1616. A person of skill in the art would have known that a typical flue gas has
approximately 10% water content by volume. As such, volume on an actual basis
equals (volume on a dry basis) / 0.9. A person of ordinary skill in the art would have
understood that ten percent is a nominal value for moisture in flue gas because
moisture levels diminish for coals of progressively higher rank. It was known, for
example, that lignites and subbituminous can produce flue gas with 15 % moisture
or greater, and anthracites can produce as little as 5 % moisture or less. 2**® For
example, estimates for a low volatile bituminous coal gave 8.1 % moisture in flue
gas. 3%

1617. Regarding the second conversion, a person of skill in the art would have

understood from the ideal gas law that the density of a gas is proportional to pressure

and inversely proportional to temperature. A person of skill in the art would have

2337 See, e.g., State of the Art, § XIL.A.9.
2338 Ex. 1027 (B&W Steam) at 8-5 to 8-6.

2339 Ex. 1008 (Vosteen) at 2:36-38 (“bituminous coal-fired or lignite-fired
power
stations™).
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learned from undergraduate chemistry that standard temperature and pressure (STP)
refers to 25 °C (298 K) and 1 atm, respectively, and would have known that a typical
flue gas temperature where sorbent would be injected is 150 °C (413 K) and also 1
atm of pressure. A person of ordinary skill in the art would have understood that
this temperature is a typical value for sorbent injection downstream of an air
preheater and upstream of an ESP or fabric filter. A POSITA would have known
that air preheaters typically do not operate with outlet gas temperatures below the
acid dew points of sulfuric acid, which are given as 120 —150 °C*%° This dewpoint
range restricts the outlet temperatures to somewhat hotter values like 150 °C. Last,
a person of ordinary skill in the art would have found in readily available tables of
unit conversions that 1 m® = 35.3° ft3,

1618. Accordingly, 50 mg / m? S.T.P. db (as disclosed by Vosteen) converts

to the following in terms of grams bromine / million actual cubic feet.
50 mgB 0.9m3 1 lat 298K 1m3
3gr>< mST3P.DB x( 9 )X< am)x( )x m
MSrp pp 1.0mg;p 1000 mg 1 atm 413K 35.3ft3

10°ACF g Br
x[——-]%919.8

1 MACF

1619. A person of ordinary skill in the art would have also been readily able

to convert pounds activated carbon to grams activated carbon through the well-

2340 Ex. 1027 (B&W Steam) at 19-11.
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known unit conversion that there are 453.592 grams per pound. Accordingly, at a
typical activated-carbon injection rate of 10 pounds per MACF, the injection rate of
activated carbon would equal:

pounds PAC o 453.592 grams _ 453 grams Activated Carbon
MACF pounds - MACF

1620. Dividing the two injection rates provides a mercury-containing gas that
comprises about 20 grams bromine per 100 grams of activated-carbon sorbent,
which is within the range of 1 gram to 30 grams.

1621. Claim 13 is merely an attempt to claim a workable range for combining
a conventional halogen (bromine) being used in a conventional way (to oxidize
mercury and promote activated carbon) with a conventional sorbent (activated
carbon). Nothing in the 430 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.

11. Claim 14: “The method of claim 1, wherein the sorbent contacted
with the mercury comprises the element bromine and mercury.”

1622. Vosteen renders this claim obvious. A POSITA would have understood
that not all bromine added to the coal/chamber in Vosteen is used to oxidize mercury.
Vosteen added an excess of bromine compared to mercury, specifically describing

that “the bromine compound is preferably added in a mass ratio of bromine to
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mercury in the range of 102 to 104.”3*  Accordingly, a POSITA would have
understood that excess bromine would be available to contact the activated carbon
to form a promoted sorbent.

12. Claim 15: “The method of claim 1, comprising removing greater
than 70 wt % of the mercury in the mercury-containing gas.”

1623. Vosteen renders this claim obvious in combination with the background
knowledge of a POSITA. Vosteen discloses maintaining mercury levels below those
needed to comply with legal and regulatory requirements.”**> Vosteen describes
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

2343 2344

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.”?**

2341 Ex. 1008 (Vosteen) at 4:34-45.
2342 Ex. 1008 (Vosteen) at 1:10-13, 1:20-22.
2343 Ex. 1008 (Vosteen) at Figs. 2-8.

2344 Ex. 1008 (Vosteen) at Claims 9.
2345 Ex. 1008 (Vosteen) at 1:10-13.
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Vosteen discusses the need that his invention provided a solution for “further
reduction of the currently permitted limiting values” of mercury emissions.>*4

1624. 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
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.

13. Claim 16: “The method of claim 1, comprising removing greater

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

1625. Claim 16 would have been obvious to a person of skill in the art over
Vosteen. For example, as described for Claim 15 above, Vosteen discloses
removing more than 98% of the mercury from the mercury-containing
gas.»*Vosteen discloses that his invention is particularly suited “for those high-
temperature plants which do not have a wet flue gas emission control system, but
solely have a dry emission control system having a mercury sorption stage.”**** Such

plants with “solely” a dry emission control system, and without a scrubber, would

2346 Ex. 1008 (Vosteen) at 1:20-22.
2347 Ex. 1008 (Vosteen) at 6:35-40 (describing Figure 5).
2348 Ex. 1008 (Vosteen) at 5:32-36.
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be dependent on the activated carbon for mercury removal. Moreover, the Hg
removals on sorbents alone would meet or exceed the 70% removal threshold under
the configurations disclosed by Vosteen. Specifically, Vosteen discloses that

“lignite-fired power stations’?*%

would benefit from his Hg control methods. A
person of ordinary skill in the art would have understood that such plants typically
have very low concentrations of inherent chlorine in their flue gas as well as very
low LOI levels in their flyash. Under such circumstances, Hg capture on inherent
unburned carbon is minimal. Consequently, a person of ordinary skill in the art
would have understood that adding bromine to the furnace of a plant with “solely” a
dry emission control system, and without a scrubber, while injecting a sorbent ahead
of the particle collection device, as Vosteen teaches, ensures that virtually all the Hg
captured in a particle collection device would be bound to the sorbent. Furthermore,
Vosteen also teaches how to adjust the bromine addition level to achieve Hg removal
up to essentially complete removal, including 70 % removal.

1626. As described in the State of the Art,>**° a person of skill in the art would
have known that by 2004, the EPA had already put the industry on notice of

upcoming laws and regulations surrounding announced regulations requiring 70%

mercury removal, such as the EPA’s Clean Air Mercury Rule (CAMR). Notice of

2349 Ex. 1008 (Vosteen) at 2:36-37.
2350 State of the Art, XII.D —XILF.
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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 person of ordinary skill in the art would
have adjusted the bromine injection rate and/or activated carbon injection rate in a
plant he described as preferred (one that relied solely on a dry emission control
system having a mercury sorption stage) to meet and exceed (for purposes of safety
margin) the EPA’s proposed rules requiring a 70% removal of mercury.
14. Claim 17: “The method of claim 1, wherein the sorbent in the
mercury-containing gas comprises about 1 g to about 30 g of the

added Br2, HBr, the bromide compound, or a combination
thereof, per 100 g of the sorbent.”

1627. This claim would have been obvious over Vosteen. Claim 4 is merely
an attempt to claim the optimum or workable range for a process of combining a
particular conventional halogen (bromine) being used in a conventional way
(halogens are inherent to coal, and both oxidize mercury and promote activated
carbon) with a conventional sorbent (activated carbon). Nothing about the particular
range of 1 g to about 30 g of the halide promoter per 100 g of the sorbent would have
led to an unexpected result from what was already known to one of skill in the art.

1628. As described in the State of the Art,>*! it was known that the saturation

limit of activated carbon for bromine (i.e., how much bromine the activated carbon

2351 State of the Art, § XII.C.3.
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can actually adsorb at equilibrium), was up to 31 to 38 grams per 100 grams of
activated carbon. Given the residence times in flue gas, and other inefficiencies, a
person of ordinary skill in the art would have understood that the actual bromine
loaded onto activated carbon would have been less than the saturation limit.

1629. A person of ordinary skill in the art would have recognized that there
would have been sufficient bromine in the flue gas, according to Vosteen’s
processes, to provide a ratio of between 1 g to 30 g of bromine per 100 g of activated
carbon. A person of ordinary skill in the art operating a plant with solely a dry
emission control system (i.e., without a wet scrubber), would have been motivated
to seek to load the activated carbon with up to nearly its saturation limit, because it
was known in the art that halides “improve[d] Hg capture both by conversion of the
Hg’ to the more easily removed Hg?* forms and by enhancing the reactivity of Hg’
with activated carbons.”?**? Vosteen expressly discloses the former,?*>? and the latter
was well-known in the art.

1630. Through routine process optimization and routine experimentation, a
person of ordinary skill in the art would have adjusted the rate of addition of
bromine-containing species and/or activated carbon injection rate to achieve halide

promoter on the activated-carbon sorbent from about 1 g to about 30 g.

2352 Ex. 1062 (Crocker) at 2-3.
2353 Ex. 1008 (Vosteen) at 4:46-50.
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15. Claim 18: “The method of claim 1, wherein the Br2, HBr, or the
bromide compound is contacted with the sorbent in vapor form,
oaseous form, liquid form, or in an organic solvent.”

1631. Vosteen renders this claim obvious. Vosteen discloses mixing bromide
compounds in with the coal or added to the combustion furnace:

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 to a coal mill. The compound can also be fed during the combustion
process. If the furnace comprises a plurality of stages, for example a primary and a
secondary furnace, the bromine compound can be introduced, likewise in solid or
liquid form, into one or both combustion chambers, for example into the rotary kiln
and/or the afterburning chamber. Preferably, an aqueous solution of the compound
is sprayed into one of the combustion chambers.?*>*

1632. Vosteen discloses that mercury containing gas results from high

temperature processes such as combustion in power plants and waste incineration

plants. 2>

16. Claim 19: “The method of claim 1, wherein the activated carbon
comprises powdered activated carbon, granular activated carbon,
or a combination thereof.”

1633. This limitation is disclosed by Vosteen. As described above, Vosteen
discloses injecting activated carbon into a mercury-containing flue gas downstream

of the combustion chamber and contacting mercury with the sorbent to form a

2354 Ex. 1008 (Vosteen) at 4:4-19; see also id. at 2:54-3:2, 3:66-4:33, 6:65-
7:32.
2355 Ex. 1008 (Vosteen) at 1:66-2:1; see also, id. at 1:10-22,
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mercury/sorbent composition. Vosteen discloses activated carbon as a sorbent.
Vosteen further specifies “granulated activated carbon” as the sorbent.?** A person
of skill in the art would have recognized that “granular” activated carbon and
“granulated” activated carbon are two words for the same material.
1634. Granite also discloses a number of different types of activated carbon.
17. Claim 20: “The method of claim 1, wherein the sorbent injected
into the mercury-containing gas is a sorbent obtained by

contacting a sorbent with a halogen or halide promoter prior to
the injection of the sorbent into the mercury-containing gas.”

1635. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 14 of the '114 patent. ME2C's
infringement contentions do not include claim 14 of the '114 patent. ME2C's final
contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

18. Claim 21: “The method of claim 1, wherein the sorbent injected

into the mercury-containing gas is free of contact with a halogen

or halide promoter prior to injection of the sorbent into the
mercury-containing gas.”

1636. ME2C did not provide infringement contentions for this claim. ME2C's
infringement contentions cross reference claim 13 of the '114 patent. ME2C's

infringement contentions do not include claim 13 of the '114 patent. ME2C's final

2356 Ex. 1008 (Vosteen) at 5:24-25.
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contentions hew to this position, and thus ME2C is apparently not asserting this
claim. Therefore, no analysis regarding this element is required.

19. Claim 22: “The method of claim 1, wherein the combustion
chamber comprises a boiler.”

1637. This claim is disclosed by Vosteen. Vosteen discloses that one of the
applications for his process is in removing mercury from a mercury-containing gas
generated from the combustion of coal in a combustion chamber. Vosteen discloses
adding the bromine-containing species to a combustion chamber. Vosteen further
specifies that the bromine-containing species “can be added after combustion, for
example in a downstream waste-heat boiler.”?*>” Vosteen further refers to “boiler
flue gas” in reference to the figures.?**® Vosteen explains that the boilers are part of
the combustion chamber: “The power station [of Figure 9] comprises two parallel
slag-tap fired boilers 91, 91° having temperatures in the combustion chamber around
1450 °C. The slag-tap fired boilers 91, 91° are charged with coal 92, 92°.723%
Vosteen further discloses components from a boiler in Figures 2-4.23

20. Claim 23: “The method of claim 1, wherein the mercury-
containing gas is a flue gas.”

2357 Ex. 1008 (Vosteen) at 4:20-21; see also Ex. 1008 (Vosteen) at 7:5-8.
2358 Ex. 1008 (Vosteen) at 11:11; see also Ex. 1008 (Vosteen) at 6:15-62,
Figure 9.

2359 Ex. 1008 (Vosteen) at 11:3-6.

2360 Ex. 1008 (Vosteen) at 6:15-34; Figs. 2-4.
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1638. This claim is disclosed by Vosteen. For example, the title of Vosteen
is “Process for Removing Mercury from Flue Gases,” and the Abstract refers to

“removing mercury from flue gases of high-temperature plants, in particular power

stations.”?*¢! This element is also disclosed by the claims of Vosteen:?¥¢?

1. Process [or removing mercury from mercury-
containing Aue gases of a furnace within which a combus-
tion or incinerabion is carried out, wherein
bromine, a bromine compound, a mixiure of bromine
compounds or a mixture of bromine and 2 bromine
compound or compounds, is fed to the furnace or to the
flue gas ol the furnace in a plant section downstream of
the fumace, or to both the furnace and the flue gas, the
temperature during the first contact of the bromine or of
said mixture with the flue gas being at least 500° C.,

the combustion or ipcineration is carried outl in the
presence of a sulphur compound,

and then the flue gas is subjected to a cleanup for

removing mercury from the Hue gas.

18, A process for renoving mercury from mercury-contain-

ing flue gases of a furnace, conprising:

carrving ol a combustion or incineration process, within
the furrace, in the presence of a sulple compound,;

feeding bromine, o bromine compound, a miviure of bro-
mtlne compounds, or a mixture of bromine and one or
more bromine componds to at least one of the firnace
or a flue gas of the furnace in a plant section downstream
from the furnace, a temiperature at first comtact of the
bromine, bromine compound, mixture of bromine com
pronnds, or mixture of bromine arnd one or more bromine
competmds witlh the mercwry-containing fhie gas being
at least S0P € - and

subfecting the mercury-containing flue gas o a cleaniup for
substantially removing mercury from the mercury-con-
taling fhie gas, wherein the cleanup for substantially
remaving mercwry fram the mercury-camaining flue gas
icludes a dry cleanup stage comprising af least one
surbent, and

2361 Ex. 1008 (Vosteen) at Title, Abstract.
2362 Ex. 1008 (Vosteen) at Claims 1, 18.
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1639. Vosteen further discloses the method of claim 1, which is described
above.
21. Claim 24: “The method of claim 1, wherein the injection of the

sorbent into the mercury-containing gas occurs upstream of a
particulate separator, a scrubber, or a combination thereof.”

1640. Vosteen discloses this claim element. Vosteen discloses that one of the
applications for his process is in removing mercury from a mercury-containing gas
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
FI1G.9)” with “two parallel slag-tap fired boilers 91, 92 having temperatures in the
combustion chamber around 1450°C.”*3% Vosteen describes his results in Figures 7
and 8 regarding the experiments conducted on “coal combustion (bituminous
coal).”?3% This limitation is also disclosed in claims 1 and 18 of Vosteen, highlighted

below:236¢

2363 Ex. 1008 (Vosteen) at 7:25-28.

2364 Ex. 1008 (Vosteen) at 10:63-11:6.
2365 Ex. 1008 (Vosteen) at 11:23-24.
2366 Ex. 1008 (Vosteen) at Claims 1, 18.
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l. Process for removing mercury from mercury-
containing flue gases of a furnace within which a combus-
lton or incineration is carned oul, wherein
bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a broming
compound or compounds, is fed to the furnace or to the
flue gas of the furnace in a plant seclion downstream of
the fumace, or to both the furpace and the Mue gas, the
temperature during the first contact of the bromine or of
said mixture with the Aue gas being al least 500" C.,

the combustion or incincration is carmed oul in the
presence of a sulphur compound,

and then the flue gas is subjected w a cleanup for

removing mereury from the fuc gas.

I8, A process for removing mercury from mercury-coniain-
ing flue gases of a firmace, comprising.:
carrving oul a conbusifon or incineration process, within
the furnace, in the presence of a sulphur compound;

r
feeding the coal to the furnace,
the process further comprising feeding sulphur, a sulphur
compound or a mixivre of sulphur compownds to said
Jurnace based or measuring mercury contemt of 1he mer-
eUry-cana ining e s,

1641. Vosteen further discloses the method of claim 1, which is described

above.

22. Claim 25: “The method of claim 24, wherein the particulate
separator comprises a baghouse, an electrostatic precipitator, a
fabric filter, or a combination thereof.”

1642. Vosteen discloses this claim element. Vosteen describes a fabric filter

(“cloth filter”), which is an example of a particulate separator. Vosteen discloses
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that the activated-carbon sorbent is injected upstream of the fabric filter, in that the
fabric filter separates the mercury-sorbent composition from the gas stream.?*¢’
1643. 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.*® These are also discussed in claims of

Vosteen:>3%?

10. The process according to claim 8, whercin said
emission control system comprises filtration, electrostatic
separation or both.

1644. 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.”?¥7!
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
mercury (Hg).”?”? The claims of Vosteen further disclose a process of “cleanup” of

the flue gas:>7

2367 Ex. 1008 (Vosteen) at 5:24-29.

2368 Ex. 1008 (Vosteen) at 5:15-30.

2369 Ex. 1008 (Vosteen) at Claim 10.

2370 See, e.g., Ex. 1008 (Vosteen) at Abstract, 2:12-15, 5:1-5.
237 Ex. 1008 (Vosteen) at 6:2-4.

2372 Ex. 1008 (Vosteen) at 1:50-53.

2373 Ex. 1008 (Vosteen) at Claims 1, 18.
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1. Process for removing mercury [from mercury-
containing flue gases of a furnace within which a combus-

tion or incineration is carned oul, wherein

bromine, a bromine compound, a mixture of bromine
compounds or a mixture of bromine and a bromine
compound or compounds, is fed to the furnace or to the
flue gas of the furnace in a plant section downstream of
the fumace, or to both the furnace and the Mue gas, the
lemperature during the first contact of the bromine or of

the combustion or incineration 18 carmed ouly in the

and then the flue pas is subjected o a cleanup for

said mixture with the flue gas being at least 5007 C,

presence of a sulphur compound,

I8, A process for removing mercury fFom mercury-contain-

ing flue gases ofa furnace, comprising:

carrving out a combustion or incinerafion process, within

the furnace, in the presence of a sulphur compound;

Jeeding bromine, a bromine compound, a mivtire of bro-

mine compounds, or a mixture of bromine and one or
more bronine compounds to at least one of the firnace
or a flue gas of the furnace in.a plant section downsireoam
[from he furnace, a wemperature & first comact of the
Bromine, bropiive compound, mivture of bromine com-
pownds, or mixture of bromine and one or more bromine
compounds with the mercurv-comteining flue gas being
ai teast 80F C.; and

subfecting the mercurv-containing flue gas to a cleamup for

substantially removing mercury from the mercury-con-
taining flue gas, whereln the cleanup for substantiolly
remaving mercury fram the mercunv-comiaining fhic gas
includes a dry cleanup stage comprising ai least one
serbeni, and

1645. The “dry cleanup stage” and “dry sorbent” includes, for example, the

activated carbon injected into the mercury-containing flue gas that is separated by

the fabric filter.>*’* The “cleanup” and “removal” referred to by Vosteen in the

passages above refer to separating the mercury/sorbent composition from the

mercury-containing flue gas.

2374 Ex. 1008 (Vosteen) at 5:27-30.
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1646. Vosteen also discloses that the “dry cleanup” (fabric filter) can be used
in conjunction with a “wet scrubber.”?”> A person of ordinary skill in the art would
have understood that a scrubber is one of the last units in an emissions control
system, as shown in item 97 of Figure 9,7 and that activated sorbent would have
been injected before the scrubber.

1647. Vosteen discloses an alternative embodiment, which makes use of an

electrostatic precipitator (ESP),”’

which is a type of particulate separator. Vosteen
explains that “mercury adsorption intensifies on the fly ash of ESPs.”?*”® Vosteen
also explains that “[m]ercury bromide HgBr2 adsorbs more strongly to dry sorbents
than mercury chloride HgCl..”*” The dry sorbents disclosed by Vosteen include
“granulated activated carbon” and “pulverulent slaked lime/activated carbon.”?3%0 A
person of ordinary skill in the art would have understood that, as taught by Vosteen,
adsorption of HgBr; by activated carbon occurs with direct contact between HgBr>
and the activated carbon particles in the flue gas. A POSITA would have known

that, once entrained in flue gas, the activated carbon would have been transported

downstream to a particle collection device (PCD), such as a fabric filter or ESP.?38!

2375 Ex. 1008 (Vosteen) at Abstract.

2376 Ex. 1008 (Vosteen) at 11:1-14, Figure 9.

2371 Ex. 1008 (Vosteen) at 11:5-10, Figure 9 (item 96); see also 5:26-39.
2378 Ex. 1008 (Vosteen) at 5:38-39.

2379 Ex. 1008 (Vosteen) at 5:36-38.

2380 Ex. 1008 (Vosteen) at 5:24-25, 5:28-29.

2381 State of the Art, § XII.B.5.a.
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A POSITA would have known that air pre-heaters are located immediately upstream
of the PCDs in a conventional flue gas system, and that, much like the activated
carbon would have been injected upstream of a fabric filter or ESP—so that the
mercury-sorbent composition can be separated from the flue gas by the fabric filter
or ESP—the activated carbon would likewise have been injected upstream of the air
preheater. A POSITA would have been further motivated to inject the activated
carbon upstream of the air preheater in order to extend the residence time during
which the activated carbon can contact the mercury in the flue gas, thereby
increasing the amount of mercury removal.

1648. Granite also describes scrubbing solutions for removal of sorbents.??
A POSITA would understand that the addition of a sorbent must occur before
scrubber or particulate control system, as the purpose of the sorbent is to adsorb
gaseous waste such as mercury so that the waste can be removed on the particulates
by the scrubber or particulate control system.

1649. Vosteen further discloses the method of claim 24, which is described in

the above section.

D. INDEPENDENT CLAIM 29

1. Claim 29: Element 29(a): “A method of separating mercury
from a mercury-containing gas, the method comprising:”

2382 Ex. 2003 (Granite 2000) at 1020, 1026.
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1650. The language of the preamble of claim 29 is identical to the preamble

of claims 28 and 1. Accordingly, the explanation I provide above for the preamble

of claim 28 applies equally to the preamble of claim 29.

2.

Claim 29: Element 29(b): “combusting coal in a combustion

chamber, to provide the mercury-containing gas, wherein

the mercury-containing gas comprises a halogen or halide
promoter comprising HBr, Br—, or a combination thereof,
wherein”

1651. The language of this claim element is identical to claim element 28(b).

Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.

3.

Claim 29: Element 29(c)-(e): “the coal comprises an
additive comprising Br2, HBr, a bromide compound. or a
combination thereof, wherein the additive is added to the
coal before the coal enters the combustion chamber, or the
combustion chamber comprises an additive comprising Br2,
HBr, a bromide compound, or a combination thereof, or a
combination thereof;”

1652. The language of this claim element is identical to claim element 28(c)-

(e). Accordingly, the explanation I provide above for those claim elements applies

equally to this claim element.

4.

Claim 29: Element 29(f): “injecting a sorbent comprising
activated carbon into the mercury-containing gas
downstream of the combustion chamber such that the
activated carbon reacts with the halogen or halide promoter
in the mercury-containing gas to form a promoted

sorbent;”
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1653. The language of this claim element is identical to claim element 28(f).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

1654. In addition, the sorbent material used by Vosteen is granular activated
carbon: “fixed-bed adsorbers, for example based on granulated activated carbon” or

cn

cloth filters which are impinged with a blown-in finely pulverulent slaked
lime/activated carbon or slaked lime/lignite coal coke mixture.”>3*3

1655. 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

2384

the gas stream. Granite describes, for example, the activated carbon duct

injection systems used for mercury control for industrial combustors.?*3> A POSITA
would understand that sorbent would need to be added upstream of the scrubber or

particulate control system to be useful for removal of adsorbed mercury.?3%¢

2383 Ex. 1008 (Vosteen) at 5:19-30.
238 Ex. 2003 (Granite 2000) at 1020, 1022.
2385 Ex. 2003 (Granite 2000) at 1026.

2386 Ex. 1038 (Granite-1998) at 4.

Expert Report of Dr. Stephen Niksa Page 1111

Exhibit 2011
Page 1120



1656. A POSITA would have understood that not all bromine added to the
coal/chamber in Vosteen is used to oxidize mercury. Vosteen teaches added an
excess of bromine compared to mercury. Vosteen discloses preferably adding the
bromine compound “in a mass ratio of bromine to mercury in the range of 102 to
104.7%3%7 Accordingly, a POSITA would have understood that excess bromine would
be available to contact the activated carbon to form a promoted sorbent. Granite
2388

teaches the importance of promoting activated carbon with halogens.

S. Claim 29: Element 29(g): “contacting mercury in the
mercury-containing gas with the promoted sorbent:”

1657. The language of this claim element is identical to claim element 28(g).
Accordingly, the explanation I provide above for those claim elements applies
equally to this claim element.

6. Claim 29: Element 29(h): “separating the promoted sorbent
contacted with the mercury from the mercury-containing

gas;”

1658. The language of this claim element is identical to claim element 28(h).
Accordingly, the explanation 1 provide above for those claim elements applies
equally to this claim element.

7. Claim 29: Element 29(i)-(m): “measuring the mercury
content of the mercury-containing gas; and modifying, in

2387 Ex. 1008 (Vosteen) at 4:34-45 .

2388 Ex. 2003 (Granite 2020) at 1020; see also Ex. 1038 (Granite-1998) at 8-9
(listing halides as known promoters of activated carbon to increase its capacity
for the removal of mercury).
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response to the measured mercury content, an injection rate
of injecting the sorbent into the mercury-containing gas, an
amount of the Br2, HBr, the bromide compound, or a
combination thereof, added to the coal or the combustion
chamber, or a combination thereof.”

1659. The language of this claim element is identical to that of claim 10.
Accordingly, the explanation I provide above for that claim applies equally to these
claim elements.

XLVIII. ADDITIONAL OPINIONS RELATING TO INEQUITABLE
CONDUCT

348. T understand that Defendants in this matter have alleged that the patent
applicants, including the inventors, committed “inequitable conduct” during their
prosecution of the applications that led to the asserted patents. I understand that
inequitable conduct requires a finding that applicants misrepresented or omitted
material information to the patent office, and that they did so with an intent to
deceive. While I am not offering an ultimate opinion on whether or not the
applicants committed inequitable conduct, I have been asked to provide my opinion
with respect to several underlying issues.

A. ACTIVATED CARBON PROPERTIES

349. First, I have reviewed the article “The Multiple Site Model for Flue

Gas-Mercury Interactions on Activated Carbons: the Basic Site (“Site Model
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Paper”).”?* T also understand that there was an accompanying presentation at the
225th American Chemical Society (“ACS”) National Meeting, New Orleans, LA,
which occurred March 23-27, 2003, and I have confirmed this by reviewing the
program listing from that meeting. While I was not at this meeting, I have attended
ACS meetings many times, both before and after 2003. I was and still am a member
of the American Chemical Society Division of Fuel Chemistry and received copies
of the preprints of the papers presented at all meetings.

350. The Site Model Paper pertains to poisoning of the active sites for Hg
chemistry on PAC by sulfur species. The authors were all personnel from the EERC
at the time, including two named inventors on the asserted patents, Ed Olson and
John Pavlish. Irecall discussing the authors’ findings in this paper with other experts
at other conferences at the time.

351. The Site Model Paper is cited as “Fuel Chemistry Division Preprints,
2003, 48(1), 30.” This preprint would have been available to the public in 2003 at
the ACS Meeting. Based on my experience with ACS National Meetings, the
American Chemical Society National Meeting would have been attended by
thousands of scientists, and the presentations for the Division of Fuel Chemistry

were usually attended by several dozen researchers in the field. This preprint would

2389 Fyel Chemistry Division Preprints 2003, 48(a), 30.
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normally have been distributed via mail to all attendees and all dues paying members
of the Division soon before or soon after the presentation at the conference, and sold
to other interested researchers. At that time there were a few hundred members in
the Division of Fuel Chemistry.

352. The Site Model Paper contains two figures: Figure 1 illustrates the
proposed mechanism for mercury capture on Norit FGD sorbent, and Figure 2
provides more detail on the site on FGD carbon that binds oxidized mercury (Hg(Il))
to the sorbent. The Site Model Paper presents a postulated description of the binding
sites available on activated carbon. This description envisions two sites for
heterogeneous (i.e., reactions between a gas and surface, rather than between two
gaseous species) mercury chemistry, one in which a solid surface adsorbs elemental
mercury from surrounding gases and oxidizes it on the carbon surface, and another
that binds the oxidized mercury until it is further oxidized by chlorine and eventually
released as HgCl, into the surrounding gases. The primary focus in the Site Model
Paper is on the carbon basic binding sites for Hg(II). These sites are envisioned as
zig-zag carbene structures that are located at the edges of graphene layers in the
solid-phase carbon sorbent. It is at these carbene edge sites that the oxidized mercury
would react with acid anions such as Cl" and NO>", according to the model. Other
species such as halides and sulfate compounds would also react at the carbene edge

sites without contacting bound mercury.
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353. AsIdiscuss elsewhere in this report, all of the claims of the *147 patent
that are being asserted in this case include a claim element requiring an activated
carbon sorbent having zig-zag carbene edge sites on graphene layers. Claim 1 of the
"147 patent requires that the added bromine species react at these edge sites. Claim
1 is essentially requiring that substances behave according to the model presented in
the Site Model Paper. In my opinion, the Site Model Paper is directly relevant to
Claim 1 of the 147 patent, and should have been provided to the Patent Office as
prior art. I do not know why the inventors Ed Olson and John Pavlish would have
omitted this reference from the Patent Office. Without that paper, I am not aware of
any material that the Patent Office would have had at the time disclosing a public
presentation or public disclosure of the carbene edge site model in Claim 1.

354. The particular powdered activated carbon discussed in the Site Model
Paper is a commercially available sorbent called Norit Darco FGD. I am very
familiar with FGD, going back to at least 2003, because it was used in essentially all
field tests to demonstrate sorbent injection for mercury control at coal-fired power
plants sponsored by DoE’s National Energy Technology Laboratory. My company,
Niksa Energy Associates LLC, was funded for several years to quantitatively
interpret the results of these field tests with our postulated reaction mechanisms for
mercury transformations along utility gas cleaning systems, and these interpretations

included dozens of datasets for FGD injection. The prominence of the FGD sorbent
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in the mercury controls community is illustrated by Nelson’s statement in his patent
that “Norit’s Darco FGD® is a common PAC frequently used by other researchers
as a comparative yardstick.”?**° The various field test teams sponsored by NETL
included FGD in their test specifications so that the findings from different teams
could be compared without the complications of different sorbent properties. And
since so many test teams used the same sorbent, FGD is the most well-known and
well characterized activated carbon in the literature for mercury emissions control,
and was so back in 2003. The asserted patents refer to Norit Darco FGD in their
discussion of powdered activated carbon.?**! Norit Darco FGD is the same sorbent
as the Norit FGD referred to in the Site Model Paper. There are experimental
examples in the asserted patents that use Norit FGD, in both brominated and
unbrominated forms.?%?

355. During the prosecution of the ’147 patent, the patent examiner

distinguished the prior art reference to Nelson Jr., based on the applicant’s

23990 Ex. 1012 (Nelson) at 11:17-19

2391147 Patent (Ex. 1001) at 5:35-67 (describing the figures in the patent including
experimental results for non-halogenated NORIT Darco FGD or brominated
NORIT FGD sorbent).

2392 See 147 Patent (Ex. 1001) at 14:40-46; 15:39-51.

Expert Report of Dr. Stephen Niksa Page 1117

Exhibit 2011
Page 1126



arguments, because Nelson Jr. “does not disclose the activated carbon being
graphene sheets and the binding sites being carbene species edge sites.” The patent
examiner made that statement in 2011, and the applicants continued to rely on it.
Nelson Jr. explicitly discloses experiments concerning the bromination of Norit
FGD:
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 FGD® is a common PAC yardstick frequently
used by other researches as a competitive yardstick.?**?

356. As demonstrated in their Site Model Paper, Ed Olson and John Pavlish
knew as far back as 2003 that Norit FGD was an activated carbon that contained
graphene sheets whose binding sites were zig-zag carbene structures on the edges of
the sheets. [ know this because it was well-known in the community, and
specifically because they disclosed this understanding to the mercury control
community in 2003 through the Site Model Paper and at the accompanying
conference.

357. In 2011, the patent examiner allowed the applicants to overcome a
rejection of their patent claims over the Nelson reference because the Nelson

reference “does not disclose the activated carbon being graphene sheets and the

239 Ex. 1013 at § 69.
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binding sites being carbene species edge sites.” That statement was not correct, and
persons of knowledge in the field would have known at the time that it was not

correct. This was confirmed by Ed Olson during his deposition.?3%*

For example,
Olsen and Pavlish would have known that statement to be incorrect, and would also
have known that a person of skill aware of their Site Model Paper would know that
statement to be incorrect. I have no found no other references in the file history of
the 147 patent that contains this same information. If Ed Olson and John Pavlish,
or their attorneys, had provided the 2003 Site Model Paper, I believe the examiner
would have found that Paper material to the patentability of the patent claims, and
would have understood that the powdered activated carbon used by Nelson Jr. had

the claimed graphene sheets with reactive carbene edge sites.

B. IMPROVED MECHANISM MODEL

358. The inventors of the asserted patents also presented their research at
two other conferences in 2003. At the XIIth International Conference on Heavy
Metals in the Environment in Grenoble, France, May 26-30, they presented the paper
“Chemical mechanisms in mercury emission control technologies.” J. Phys. IV

France 107 (2003).2%%° Likewise, at the Combined Power Plant Air Pollutant Control

2394 Ex. 2007 at 201:21-202:8

2395 Ex. 1079
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MEGA Symposium, in Washington, DC, May 19-22, they presented “An Improved
Model for Flue Gas-Mercury Interactions on Activated Carbons.”*% T understand
that neither reference was provided to the Patent Office during the prosecution of
the applications that became the *114 or 147 patents. Both of these papers as well
as the Site Model Paper include a figure that is substantially the same as the figure

that is Fig. 2 in the *114 and 147 patents.

<:> Carbon Oxidation Site
o
Carbon Basu:

Zigzag Site \ /f’ \

Carbon Basic

H
O =K
- Cl
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:é: HZSO" H

/ \ — H<
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<:>‘ Q/ » Sulfonate?

EERC E021624.COR

Fig. 2 of the 114 and 147 patents

Fig. 2 in An Improved Model for Flue

Gas—Mercury Interactions on Activated
Carbons®*”’

359. These figures disclose the same key information but with respect to
different halogens. The figure as presented in the patents shows bromine promotion

of activated carbon, while the figures in the omitted references uses chlorine

2396 Ex. 2008

297 Ex. 2008
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promotion of activated carbon. But a POSITA would expect that bromine would
react with activated carbon is a way similar to chlorine, as both are halogens. This
similarity is tacitly indicated in the figure from the Site Model Paper by the symbol
“X” which denotes different acid anions including CI', Br’, and NO;™ in this particular
illustration. Both figures show identical Carbon Basic Zigzag Sites. In the figure
from the patents, these sites participate in three reaction channels involving SO.,
HBr, and HgBr». In the figure from the Site Model Paper, the zigzag sites participate
in these same three reactions, plus a fourth channel involving H>SO4 which is
irrelevant to mercury conversion. The version of the figure from the MEGA Symp.
Paper shows the same four channels, and that from the French Conf. presentation
omits the channel involving SO, but includes that involving H>SOs.

360. Most important, all three figures from papers that were not disclosed to
the examiners show the binding step for oxidized mercury (indicated as either HgBr>
in the patents or as Hg(II)-X in the papers) and also show the channel involving HX
(indicated as either HBr in the patents or as HCI in the papers). At the very least,
the patent examiner should have been provided with the publicly presented model
from the 2003 references, so that the examiner could evaluate if the teaching in the
114 and 147 patents had been previously disclosed. Rather than provide these

disclosures, the patent applicants wrote that “an entirely new model is presented for
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the reactivity of the bromine-treated carbon with mercury shown in Fig. 2.*% That
statement 1s false in light of the 2003 references disclosing the carbon edge site
model. And as I have already described, the carbon edge site model is an element
of the promotion of activated carbon as claimed in Claim 1 of the 147 patent. [ am
unaware of any publications that were disclosed to the patent office in connection
with the *147 patent that contained this same information. In my opinion, if the
applicants, including the inventors and their attorneys, wanted to provide the Patent
Examiner with references material to the claimed model, they would have provided

these references.

2398 Ex. 1002 (114 Patent) at 17:25-27.
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XLIX. CONCLUSION

Executed on October 247, 2022

By: | ? E )\i"%/
[ 7 —
Dr. Stephen Niksa
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