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(57) Abrege/Abstract:
A boller system Is provided comprising: a furnace adapted to receive a fuel to be burned to generate hot working gases; a fuel
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and positioned to receive energy In the form of heat from the hot working gases; and a controller. The superheater section may
comprise a platen including a tube structure with an end portion and a temperature sensor for measuring the temperature of the
tube structure end portion and generating a signal indicative of the temperature of the tube structure end portion. The controller
may be coupled to the temperature sensor for recelving and monitoring the signal from the sensor.
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(57) Abstract: A boiler system 1s provided comprising: a
furnace adapted to receive a fuel to be burned to generate
hot working gases; a fuel supply structure associated with
the furnace for supplying fuel to the furnace; a superheater
section assoclated with the furnace and positioned to re-
ceive energy In the form of heat from the hot working
gases; and a controller. The superheater section may com-
prise a platen including a tube structure with an end por-
tion and a temperature sensor for measuring the temperat-
ure of the tube structure end portion and generating a sig-
nal indicative of the temperature of the tube structure end
portion. The controller may be coupled to the temperature
sensor for recerving and monitoring the signal from the
Sensor.,
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BOILER SYSTEM CONTROLLING FUEL TO A FURNACE BASED ON
TEMPERATURE OF A STRUCTURE IN A SUPERHEATER SECTION

FIELD OF THE INVENTION
The present invention relates to a boiler system comprising a controller for monitoring a
temperature of a structure in a superheater section and controlling fuel provided to a furnace

based on the monitored temperature.

BACKGROUND OF THE INVENTION

In a paper-making process, chemical pulping yields, as a by-product, black liquor,
which contains almost all of the mnorganic cooking chemicals along with lignin and other
organic matter separated from the wood during pulping in a digester. The black liquor 1s
burned 1n a recovery boiler. The two main functions of the recovery boiler are to recover the
inorganic cooking chemicals used 1n the pulping process and to make use of the chemical
energy 1n the organic portion of the black liquor to generate steam for a paper mull.

In a kraft recovery boiler, a superheater structure 18 placed 1n the furnace 1n order to
extract heat by radiation and convection from the furnace gases. Saturated stecam enters the
superheater section, and superheated steam exits from the section. The superheater structure

comprises a plurality of platens.

SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, a boiler system 1s provided
comprising: a furnace adapted to receive a fuel to be burned to generate hot working gases; a
fuel supply structure associated with the furnace for supplying fuel to the furnace; a
superheater section associated with the furnace and positioned to receive energy n the form
of heat from the hot working gases, the superheater section comprising: at least one platen
including at least one tube structure, the one tube structure having an end portion; and a
temperature sensor for measuring the temperature of the tube structure end portion and
generating a signal indicative of the temperature of the tube structure end portion; and a
controller coupled to the temperature sensor for receiving and monitoring the signal from the

SCNSOT.
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The controller may control an amount of fuel provided by the supply structure to the
furnace based on the signal.

The controller may monitor the signal from the temperature sensor for rapid changes in
temperature of the tube structure end portion.

Rapid changes in temperature of the tube structure end portion may comprise a
monotonic increase in temperature of least about 25 degrees F occurring over a time period of
between about one to ten minutes and a monotonic decrease 1n temperature greater than zero
in magnitude occurring over a time period of between about one to fifteen minutes.

The controller may increase an amount of fuel supplied by the supply structure to the
furnace after the temperature of the tube structure end portion has experienced rapid changes.

The boiler system may further comprise a temperature measuring device for sensing the
temperature of the working gases contacting the superheater section and generating a
corresponding temperature signal to the controller.

The controller may control the amount of fuel provided by the supply structure to the
furnace such that the temperature of the working gases 1s below a threshold temperature until
the temperature of the tube structure end portion has experienced rapid changes.

The controller may increase an amount of fuel supplied by the supply structure to the
furnace after the temperature of the tube structure end portion has experienced rapid changes.
The controller may request an operator to input a tube structure clearing verification

signal after the temperature of the tube structure end portion has experienced rapid changes.

In accordance with a second aspect of the present invention, a monitoring system 1s
provided for a boiler system. The boiler system may comprise a furnace adapted to receive a
fuel to be burned to generate hot working gases, a fuel supply structure associated with the
furnace for supplying fuel to the furnace, and a superheater section associated with the
furnace and positioned to receive energy in the form of heat from the hot working gases. The
superheater section may comprise at least one platen including at least one tube structure.
The one tube structure may have an end portion. The monitoring system may comprise: a
sensor for measuring the temperature of the tube structure end portion and generating a signal
indicative of the temperature of the tube structure end portion; and a controller coupled to the

sensor for recerving and monitoring the signal from the sensor.
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The controller may monitor the signal from the temperature sensor for rapid changes in
temperature of the tube structure end portion.

The controller may generate a request to an operator to mnput a tube structure clearing
verification signal after the temperature of the tube structure end portion has experienced
rapid changes.

The controller may increase an amount of fuel supplied by the supply structure to the
furnace after the temperature of the tube structure end portion has experienced rapid changes
and an operator has input a tube structure clearing verification signal.

The controller may increase an amount of fuel supplied by the supply structure to the
furnace after the temperature of the tube structure end portion has experienced rapid changes
and without requiring that an operator input a tube structure clearing verification signal.

In accordance with a third aspect of the present invention, a process 1s provided for
monitoring a boiler system comprising a furnace for burning a fuel to generate hot working
gases, a fuel supply structure for supplying fuel to the furnace, a superheater section
comprising at least one platen including at Ieast one tube structure, the one tube structure
having an end portion, and a sensor for measuring the temperature of the tube structure end
portion and generating a signal indicative of the temperature of the tube structure end portion.
The process may comprise: monitoring the signal from the sensor, and controlling an amount
of fuel provided to the furnace based on the signal.

Monitoring may comprise monitoring the signal from the temperature sensor for rapid
changes 1n temperature of the tube structure end portion.

Controlling may comprise increasing an amount of fuel supplied by the supply structure
to the furnace after the temperature of the tube structure end portion has experienced rapid

changes.

BRIEF DESCRIPTION OF THE DRAWINGS
While the specification concludes with claims particularly pomting out and distinctly
claiming the present invention, it 1s believed that the present invention will be better
understood from the following description in conjunction with the accompanying Drawing

Figures, in which like reference numerals 1dentity like elements, and wherein:
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Fig. 1 1s a schematic view of a kraft black liquor recovery boiler system constructed
in accordance with the present invention;

Fig. 2 1llustrates a portion of a superheater section of the boiler system of Fig. 1;
wherein tube structures defining platens are illustrated schematically as rectangular
structures;

Fig. 3 1llustrates first, second and third tube structures of a platen; and

Fig. 4 1s an example plot of a tube structure clearing event.

DETAILED DESCRIPTION OF THE INVENTION

In the following detailed description of the preferred embodiments, reference 1s made
to the accompanying drawings that form a part hercof, and in which are shown by way of
illustration, and not by way of limitation, specific preferred embodiments in which the
invention may be practiced. It 1s to be understood that other embodiments may be utilized
and that changes may be made without departing from the spirit and scope of the present
invention.

Fig. 1 1llustrates a kraft black liquor recovery boiler system 10 constructed in
accordance with the present invention. Black liquor 1s a by-product of chemical pulping 1n a
paper-making process. The 1nitial concentration of "weak black liquor” 1s about 15%. It 1s
concentrated to firing conditions (65% to 85% dry solids content) 1n an evaporator 20, and
then burned 1n the recovery boiler system 10. The evaporator 20 receives the weak black
liquor from washers (not shown) downstream from a cooking digester (not shown).

The boiler system 10 comprises a recovery boiler 12 comprising a sealed housing 12A
defining a furnace 30 where a fuel, ¢.g., black liquor, 1s burned to generate hot working
gases, a heat transfer section 32 and a bullnose 34 1in between the furnace 30 and the heat
transfer section 32, see Fig. 1. Hence, “hot working gases,” as used herein, means the gases
generated when fuel 1s burned 1n the furnace. The boiler system 10 further comprises an
cconomizer 40, a boiler bank 50 and a superheater section 60, all of which are located 1n the
heat transfer section 32, see Fig. 1. The hot working gases resulting from the burning of the
fuel 1in the furnace 30 pass around the bullnose 34, travel into and through the heat transter
section 32, are then filtered through an electrostatic precipitator 70 and exit through a stack

72, see Fig. 1. It 1s noted that when the furnace 30 1s mitially fired, another fuel other than
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black liquor, such as natural gas or fuel o1l, may be provided to the furnace 30 via injectors
137. Once the furnace 30 has reached a desired temperature, black liquor instead of natural
gas or fuel o1l may be used as the fuel 1n the furnace 30.

Vertically aligned wall tubes 130 are incorporated into vertical walls 31 of the furnace
30. As will be discussed further below, a fluid, primarily water, passes through the wall
tubes 130 such that energy 1n the form of heat from the hot working gases generated 1n the
furnace 30 1s transferred to the fluid flowing through the wall tubes 130. The furnace 30 has
primary level air ports 132, secondary level air ports 134, and tertiary level air ports 136 for
introducing air for combustion at three different height levels. Black liquor BL 1s sprayed
into the furnace 30 out of spray guns 138. The black liquor BL 1s supplied to the guns 138
from the evaporator 20. The mjectors 137 and the spray guns 138 define fuel supply
structure.

The economizer 40 recerves feedwater from a supply FS. In the 1llustrated
embodiment, the feedwater may be supplied to the economizer 40 at a temperature of about
250°F. The economizer 40 may heat the water to a temperature of about 450°F. The hot
working gases moving through the heat transfer section 32 supply energy in the form of heat
to the economizer 40 for heating the feedwater. The heated water 1s then supplied from the
cconomizer 40 to a top drum (steam drum) 52 of the boiler bank 50, see Fig. 1. The top drum
52 functions gencrally as a steam-water separator. In the embodiment 1llustrated in Fig. 1,
the water flows down a first set of tubes 54 extending from the top drum 52 to a lower drum
(mud drum) 56. As the water flows down the tubes 54, 1t may be heated to a temperature of
about 400-600 °F. From the lower drum 56, a portion of the heated water flows through a
second set of tubes 58 in the boiler bank 50 to the upper drum 52. A remaining portion of the
heated water 1n the lower drum 56 1s supplied to the wall tubes 130 1n the furnace 30. The
water flowing through the second set of tubes 58 1n the boiler bank 50 and the wall tubes 130
in the furnace 30 may be heated to a saturated state. In the saturated state, the fluid 1s mainly
a liquid, but some steam may be provided. The fluid in the wall tubes 130 is returned to the
boiler bank 50 at the top drum 52. The steam 1s separated from the liquid 1n the top drum 52.
The steam 1n the top drum 52 1s supplied to the superheater section 60, while the water

returns to the lower drum 56 via the first set of tubes 54.
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In an alternative embodiment (not shown), the upper and lower drums 52, 56 may be
replaced by a single drum, as 1s known to those skilled 1n the art, whereby steam 1s supplied
by the single drum to a superheater section.

In the embodiment illustrated 1n Fig. 2, the superheater section 60 comprises first,
second and third superheaters 62, 64 and 66, cach of which may comprise between about 20-
50 platens 62A, 64A and 66A. Steam enters the platens 62A, 64A and 66A through a
corresponding manifold tube called an 1nlet header 62B, 64B and 66B, 1s superheated within
the platens 62A, 64A and 66A, and exits the platens 62A, 64A and 66A as superheated steam
through another manifold tube called an outlet header 62C, 64C and 66C. The platens 62A,
64A and 66A are suspended from the headers 62B, 64B, 66B, 62C, 64C and 66C, which are
themselves suspended from overhead beams (not shown) by hanger rods 200. The hot
working gases moving through the heat transfer section 32 supply the energy in the form of
heat to the superheater section 60 for superheating the steam. It 1s contemplated that the
superheater section 60 may comprise less than three superheaters or more than three
superheaters.

A platen 62A from the first superheater 62 1s illustrated 1n Fig. 3. The remaining
platens 62A 1n the first superheater 62 as well as the platens 64A and 66A 1n the second and
third superheaters 64, 66 are constructed 1 generally the same manner. The platen 62A may
comprise first, second and third separate metal tube structures 160-162, see Fig. 3. In Figure
2, the platens are schematically 1llustrated as rectangular structures, but are defined by tube
structures. The tube structures 160-162 comprise inlet portions 160A-162A, which
communicate with the mlet header 62B and end portions 160B-162B, which communicate
with the outlet header 62C. The tube structure inlet portions 160A-162A and end portions
160B-162B are located above a roof 12B of the boiler housing 12A, see Figs. 1 and 3, while
intermediate portions 160C-162C of the tube structures 160-162 extend within the boiler
housing 12A and are located within the heat transfer section 32. The tube structures 160-162
define pathways through which fluid, e¢.g., stecam, passes from the inlet header 62B, though
the tube structures 160-162 and out the outlet header 62C. It 1s contemplated that the platen
62A may have less than or more than three tube structures, €.g., one, two, four or five tube

Structures.
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The steam 1s heated to a superheated state 1n the superheater section 60. Prior to
boiler/furnace start-up, cooled liquid water may settle in lower bends of the tube structures
160-162 1n the platens 62A, 64A and 66A. Until the liquid water 1s boiled away during
boiler/furnace start-up, the liquid water prevents steam from passing through the tube
structures 160-162. The stcam moving through the tube structures 160-162 functions as a
cooling fluid for the metal tube structures 160-162. When no steam moves through a tube
structure 160-162, the tube structure may become overheated, especially at an end portion
160B-162B, which may cause damage to the tube structure 160-162.

In the present invention, start-up of the furnace 30 1s monitored by a controller 210 to
ensure that the furnace 30 1s heated slowly until any liquid water 1n the tube structures 160-
162 of the superheater section platens 62A, 64A and 66A has safely evaporated before the
furnace 30 1s heated to an clevated state.

A temperature measurement device 170, which, 1n the illustrated embodiment,
comprises an optical pyrometer, may be provided in or near the heat transfer section 32 to
measure the temperature of the hot working gases in the heat transfer section 32 and entering
the superheater section 60. The temperature measuring device 170 generates a corresponding
temperature signal to the controller 210. The temperature sensed by the temperature
measurement device 170 provides an indication of the amount of energy 1n the form of heat
being generated by the furnace 30. Until the controller 210 has verified that liquid water 1n
the tube structures 160-162 has been cleared, the amount of fuel provided by the injectors
137 or the spray guns 138 to the furnace 30 1s controlled by the controller 210 at a low level.
That 1s, 1n the 1llustrated embodiment, the amount of fuel provided by the injectors 137 or the
spray guns 138 to the furnace 30 1s controlled by the controller 210 such that the temperature
of the hot working gases 1n the heat transfer section 32 and entering the superheater section
60, as measured by the temperature measuring device 170, 1s less than a predefined nitial
working gas threshold temperature, such as a threshold temperature falling within the range
of 800-1000 degrees F, and preferably 900 degrees F. If the temperature of the hot working
gases exceeds the threshold temperature, the amount of fuel provided to the furnace 30 1s
reduced. Once the controller 210 has verified that liquid water in the tube structures 160 has

been cleared, then the controller 210 will allow the rate at which fuel 1s provided to the
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furnace 30 to increase such that the temperature of the hot working gases entering the
superheater section 60 exceeds the threshold temperature.

The controller 210 comprises any device which recerves iput data, processes that
data through computer instructions, and generates output data. Such a controller can be a
hand-held device, laptop or notebook computer, desktop computer, microcomputer, digital
signal processor (DSP), mainframe, server, other programmable computer devices, or any
combination thercof. The controller 210 may also be implemented using programmable logic
devices such as field programmable gate arrays (FPGAS) or, alternatively, realized as
application specific integrated circuits (ASICs) or similar devices.

Preferably, for each of the tube structures 160-162 1n the platens 62A, 64A and 66A, a
temperature sensor 220, such as a thermocouple 1n the illustrated embodiment, 1s provided at
the end portion 160B-162B of the tube structure 160 to measure the temperature of the tube
structure 160-162 at that location, see Fig. 3. The temperature sensors 220 generate
corresponding temperature signals to the controller 210. Each tube structure end portion
160B-162B 1s located near 1ts corresponding outlet header. It 1s contemplated that a
temperature sensor 220 may not be provided for all of the tube structures 160-162 in cach of
the platens 62A, 64A and 66A. However, 1t 1s preferred that a temperature sensor 220 18
provided for at least one tube structure 160-162 1n each platen 62A, 64A and 66A.

Liquid water evaporating 1n a tube structure 160-162 after furnace startup 1s referred
to herein as a “tube structure clearing event.” Such a tube structure clearing event 1s
characterized by rapid changes in temperature at the end portion of the tube structure. In the
illustrated embodiment, “rapid changes in temperature” of the end portion 160B-162B of a
tube structure 160-162, as measured by a corresponding temperature sensor 220, are
characterized by the temperature increasing monotonically, rapidly, ¢.g., over a 1-10 minute
period, and significantly, ¢.g., by a temperature increase of at least 25 degrees F, and
immediately thereafter, decreasing monotonically, rapidly, ¢.g., over a 1-15 minute period, by
a temperature magnitude decrease equal to or less than the magnitude of the temperature
increase but, in any event, the magnitude of the decrease 1n temperature 1s greater than zero.

In Fig. 4, a plot 1s 1llustrated corresponding to a measured tube structure clearing
cvent. As shown 1n Fig. 4, the temperature of a tube structure end portion, as measured by a

corresponding temperature sensor 220, began to monotonically increase in temperature at



CA 02941377 2016-08-31

WO 2015/138321 PCT/US2015/0194435

about 8075 seconds from about 550 degrees F to a maximum temperature of about 700
degrees F at about 8225 seconds. Hence, over a time period of about 150 seconds, the tube
structure end portion increased in temperature by about 150 degrees F. After reaching the
maximum temperature at about 8225 seconds, the temperature of the tube structure end
portion immediately began to decrease monotonically to a temperature of about 610 degrees
F at about 8725 seconds. Hence, over a time period of about 500 seconds, the tube structure
end portion monotonically decreased in temperature by about 90 degrees.

Hence, the temperature sensors 220 are monitored by the controller 210 for rapid
temperature changes, 1.¢., a rapid increased in temperature immediately followed by a rapid
decrease 1n temperature, indicating that fluid 1s moving through the entire length of their
corresponding tube structures 160-162. In the 1llustrated embodiment, once all of the
temperature sensors 220 have provided signals indicating that rapid temperature changes
have occurred at their corresponding tube structure end portions, the controller 210 may
automatically cause (without input from an operator) the injectors 137 or spray guns 138 to
increase the amount of fuel provided to the furnace 30 since the temperature of the hot
working gases 1n the heat transfer section 32 and entering the superheater section 60 can
safely exceed the predefined 1nitial working gas threshold temperature (800-1000 degrees F
in the 1llustrated embodiment).

An “increase 1n the amount of fuel provided to the furnace” 1s intended to encompass
increasing the rate at which fuel 1s mnput into the furnace 30 by either the injectors 137 or the
spray guns 138. Hence, an increase 1n the amount of fuel provided to the furnace 30 may
result when the mjectors 137 increase the rate at which natural gas or fuel o1l 1s input into the
furnace 30; when the mjectors 137 stop mputting natural gas or tuel o1l while, at that same
time, the spray guns 138 begin mputting black liquor into the furnace 30 at a rate which
exceeds the rate at which natural gas or fuel o1l was injected into the furnace 30; or when the
spray guns 138 increase the rate at which black liquor 1s input into the furnace.

In accordance with a further aspect of the present invention, once all of the
temperature sensors 220 have provided signals to the controller 210 indicating that rapid
temperature changes have occurred at their corresponding tube structure end portions, the
controller 210 may generate a message or otherwise indicate to an operator that a tube

structure clearing event has occurred and/or request that the operator input a tube structure
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clearing verification signal. In an embodiment, the controller 210 will not automatically
cause the mjectors 137 or spray guns 138 to increase the amount of fuel provided to the
furnace 30 once all of the temperature sensors 220 have provided signals to the controller 210
indicating that rapid temperature changes have occurred at their corresponding tube structure
end portions, as 1s done by the embodiment discussed above. Instead, the controller 210 will
wait until 1t receives a verification signal input from the operator, via a keypad, keyboard or
other mnput device, indicating that the operator has verified that a tube structure clearing event
has occurred. In this embodiment, only after receiving the verification signal input by the
operator will the controller 210 cause the injectors 137 or spray guns 138 to increase the
amount of fuel provided to the furnace 30. In another embodiment, without waiting to
recerve a verification signal input from the operator (but may occur before or after generating
a message indicating to an operator that a tube structure clearing event has occurred, after
being preferable), the controller 210 will automatically cause the 1njectors 137 or spray guns
138 to increase the amount of fuel provided to the furnace 30 once all of the temperature
sensors 220 have provided signals to the controller 210 indicating that rapid temperature
changes have occurred at their corresponding tube structure end portions, as 1s done in the
embodiment discussed above.

The controller 210, temperature measuring device 170 and temperature sensors 220,
as discussed above with regards to Figs. 1 and 3, define a monitoring system for the boiler
system 10.

While particular embodiments of the present invention have been 1llustrated and
described, it would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the invention. It 1s
therefore intended to cover in the appended claims all such changes and modifications that

are within the scope of this invention.

10
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b, A kralt black liquor recovery boiter system comprising:
2 furnace adapted ta receive o Ruel to be bumed to generate hot working gases;

a fuel supply stucture associated with seid fumace for supplying fuel to said fumace; a suparheater
section nssociated with said furmnec and positioned Lo receive encrgy in the forut of heat from the hot

working gases, said superheater seclion comprising,

ai least one platen including al 1east one iube structure, the one Lebe structure taving an end portion;
and

4 temperature senspr {or measuring the temperature of the tube stricture end portion and generating a
signal indicative of the iemperature of srid tube structure end portioa: and a controlfer coupled to said
temperature sensor for receiving and monitoring the signal from said sensorfor rapid changes in
temperaturee of said tube structure end portion,

wherein said controller increases an amaunt of fuel supplied by said supply structure to said fumace
after the temperature of said tube structure end portion has experienced rapid changes.

2. The boiler system ae set ouf in ¢iaim 1, characterized in thal, said rapid changes in the temperature
of sad tube structure end portion comprise a menotomic increase in temperature of least about 23
degrees F ocewring over a time pertod of between aboul ene to len minutes and a monolonic decrease
in lemperature greater Lhan 2ere in magnitude peeourring ever 2 fime period of between about one to
[1fteen minutes.

3. The borler sysiem as set out in ¢laim 1, forther comprising a temperature measuring device {or
sensing the temperature of the working gases contacting snid superheater section and generating a
corresponding temperature signal 1o said controller,

4. The bailer system as set out in claim 3, wherein said controller controls the amount of fuel provided
by said supply struciure {0 said furnace such that lthe lemperature of the working gases is below a
threshold temperature until the temperature of satd iube structure end porlion hos experienced rapid

changes.

5. The boiler system 35 set oul in elaim 4, whereia said controller increases an amount of fugl supplied
by said supply struclure 1o sz2id furnace after the temperature of said tube structure end portion has

experienced rapid changes,

6. The boiler system as set out in claimy |, wherein said controller requiest an operntor to input & tube
structure clearing verification signal afler the temperature of said tube structure end portion has

expenenced rapid changes,
7. The boiler system of claim I, wherein

said sensor for measuring the temperature of Ihe tube structure crd portion and generaling a signal
indicative of the ternperature of the tube structure end gorlion; and

Received at the EPO on Dec 21, 2015 22:52:02. Page 12 of 17
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said controlter coupled to said sensor for receiving and moniloring the signal from said sensor Are
torm pasts of 8 monitoring sysiem.

8. The boiler systern as set out in claim 7, wheeein said controller of the monitering systems generates a
request 10 an operator Lo inpul 2 lube slructure clearing verification signal after the temperature of said
lube structure end portion has experienced rapid changes.

9. The boiler systews ag sel wut in claim 7, wherein sald controller of the monitoring sysiem increases
an amount of fuel supplied by said supply structure to said furnace ofter the temperature of said tube
structure end portion has experignced rapid changes and an operator hag input a tube structure elearing
verificalion signal,

10. The boster system as sl out in claim 7, wherein said controller of the moniloring system increases
an amount of fuel supplied by said supply stnichure to said fiwnace after the temperature of said tube
struchure end portion has experienced rapid changes snd withoul requiring thal ar operator input a tube
structure ¢leating verificalion signal.

11. The botler systein as 52t out in claim 7, wherein seid monitoring system firther comprises a
temperature measwring devioe for sensing the iemperalure of the working gases conlacting the
superheater section and genzraiing 8 comesponding temperalure signai to said controller.

}2. The boiicr system as sel oul in claim 11, wherein said cantroller of the monitoring system controls
lhe amount of fuct provided by said supply struclure to said furnace such that the iemperature of the
working gases is below & threshold jemperature untit the lemperatlure of said tube structure end portien

has experienced rapid changes.

13. The boller system as sel oul in ctaim 12, wherein szid controller of the monitaring system
increases an amount of fuel supplicd by said supply structure (o said furnace after the temperature of

said tube sgucture engd portion has experienced rapid changes.

14. A process for monitoring a kraft recovery Boifer system according to one of claims 1 to 13,
comprising a firnace for buming 8 fiel 1o generate hot working gases, a firel supply structure for

supplying fuel 1o the fumace, a superheater seetion comprising at least one platen including at lzast
one twbe structure, the one fuhe structure having an end portion, and a sengor for measuring the
ternperature of the tube structure end portien and generating 2 signal indicative ol the temperature of

the tube siructure end portian, the process comprising;

maniioring the signal from the scnsor, ang
controliing an amourt of (el provided (g the furnace based on the signat.

15. The prorcess g5 set out in claim 14, whersin monitaring comprises moniloring the signal from the
temperature seasor for rapid changes in temperature of the tube structure end portion.

t6. The process as set out i claim I35, characterized in that s2id rapid chenges in the lempemture of
said lube structure end ponion camprise a monolonic increass in temperature of least about 25 degrees
F occwrring over a time period of belween atoul one to ten minules and  monatenic decrease in

lemperature greater than zero in magaitude occurring over a titne period of between aboul one to
fifleen minutes.

173015 22.36:04  21.12.2015 225202 This page 13 of AMENDED SHEET 3575224853
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17. The protess 2s st out in claim 14, wherein controlling comprises incregsing an amount of fuel

supphied by the supply structure Lo the furnace sfler the temperature of Lthe tube structure end portion
has experienced rapid changes.
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