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A reactor combustion control method using a high temperature air combustion technology capable of reducing a temperature
difference In a reactor without producing cracking and caulking in reaction tubes and the reactor controlled by using the method,
the reactor whereln second burners (38) are disposed In a space formed between two or more reaction tubes (/) adjacent to each
other so as to inject fuel in the extending direction of the reaction tubes (7), and partial combustion air feeding devices (10) and (11)

for the second burners dischargir

heat reservoir and feeding combustion air heated to a high temperature by the latent heat of the heat reservoir to the secor

burners (38) are installed; the meth

od comprising the steps of raising the temperature in the reactor by the combustion of only tr

first burners (3a) to (6a) until the

Inside of a reactor body (1) Is brought into a high temperature air combustion state, starting tr

g exhaust gas In a combustion chamber (2) to the outside of the reactor through a permeable
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combustion of the second burners (8) after the inside of the reactor body (1) Is brought into the high temperature air combustion
state, and decreasing the amount of combustion of the plurality of first burners (3a) to (6a) according an increase In combustion

amount of the second burners (8),

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

whereby a necessary combustion state can be provided.
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(57) Abstract: A reactor combustion control method using a high temperature air combustion technology capable of reducing a
temperature difference in a reactor without producing cracking and caulking in reaction tubes and the reactor controlled by using the
method, the reactor wherein second burners (8) are disposed in a space formed between two or more reaction tubes (7) adjacent to
w=y cach other so as to inject fuel in the extending direction of the reaction tubes (7), and partial combustion air feeding devices (10) and

(11) for the second burners discharging exhaust gas in a combustion chamber (2) to the outside of the reactor through a permeable

heat reservoir and feeding combustion air heated to a high temperature by the latent heat of the heat reservoir to the second burners
I~ (8)are¢ installed; the method comprising the steps of raising the temperature in the reactor by the combustion of only the first burners
& (3a) to (6a) until the inside of a reactor body (1) is brought into a high temperature air combustion state, starting the combustion of the
second burners (8) after the inside of the reactor body (1) is brought into the high temperature air combustion state, and decreasing
e the amount of combustion of the plurality of first burners (3a) to (6a) according an increase 1in combustion amount of the second
&= burners (8), whereby a necessary combustion state can be provided.
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Title of the Invention
REACTOR COMBUSTION CONTROL METHOD AND REACTOR

Field of the Invention

The present invention relates t0 a reaction furnace

employing high temperature air combustion technology.

Background of the Invention
Japanese Patent Application Laid-open Publication No.

179191/1999 (Application No. 357263/1997) discloses a
technology for increasing reaction efficiancy in a plurality
of reaction pipes. In this technology, a regenerative

combustion apparatus of a high tamperature air combustion type

18 used in elevating a temperature inside a furnace in which
serlies of reaction pipes are laterally arranged.

Japanese Patent Application Laid-open Publication No.
152166/2001 (Application No. 343624/1999) discloses a
technology relating to a reaction furnace which employs high
temperature air.combustion technology. "High Temperature Air
Combustion Technology® is defined as a technology which carries
out combustion by pre-heating combustionairtoashighas 800°*C,
féeding the high temperature combustion air to a combustion
chamber at a high speed, and injecting a fuel into the combustion
alr. This disclosed technology is capable of reducing as much

as possible a difference in temperature among fields of
temperature inside a furnace in which series of reaction pipes

are arranged. without enlarging a combustion chamber.

Employlng the high temperature air combustion technology

can reduce a difference in temperature inside the reaction
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furnace as much as possible. 1In aconfiguration, however, there
dare many reaction pipes or series of reaction pipes, existence
of the pipes becomes resistance against thermal conduction.
Consequently, the temperature of & space defined among the
reaction pipes and the temperature of the outside of such space
tend to differ more largely. Such a difference in temperature,
in turn, willl cause cracks of the pipes or coking. For this
reason, 1t isnecessary toreduce suchadifference in temperature.
Thermal conduction to the pipes depends upon radiant heat from
a furnace wall. The pipes located outer cast shadows or become

obstacles for inner pipes in thermal conduction. The respective
plipes are not uniformly heated, thereby causing a problem that
an amount of heat received by the entire pipes, namely efficiency

in thermal conduction is decreased.

It is therefore an object of the present invention to
provide amethod for controlling combustion of a reaction furnace
employing high temperature air combustion technology and a
reaction furnace employing the same technology which is capable
of reducing a difference in temperature inside the furnace
without causing cracks of the pipes or coking in the pipes.

It is another object to provide a reaction furnace and
a method for controlling combustion of a reaction furnace that
are capable of preventing significant ununiformity in
temperature distribution on a pipe wall in a e¢ircumferential
direction of each reaction pipe.

It is further another object to provide a reaction furnace

and a method for controlling combustion of a reaction furnace

o
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Jt is yet another object to provide a reaction furnace
and a method for controlling combustion of a reaction furnace

that are capable of increasing an amount of received heat

(efficiency in thermal conduction) more than ever.

Disclosure Of the Invention

According to the present invention, a reaction furnace
enmploylng high temperature ailr combustion technology comprises
a furnace body having a furnace wall which surrounds a combustion
chamber therein. In this furnace body, a plurality of reaction
pipes are provided between a pair of opposing wall portions of
the furnace wall and juxtaposedly arranged therebetween so as
to extend in the same direction. The reaction furnace also
comprises apluralityof first burners which are arrangaed outside
the reaction pipes and provided at the furnace wall of the furnace
body for burning a £fuel in the combustion chamber. The reaction
furnace further comprises a heat exchangsa ta.rpe combustion air
supply apparatus for discharging exhaust gas from the combustion
chamber to the outside of the reaction furnace through an
alr-permeable regeneratingmeans and supplying to the combustion

chamber combustion air elevated to a high temperature with

sensible heat stored in the regenerating means.

Generally, the reaction pipes are mounted directly or
indirectly through a support structure between a pair of opposing
wall portions (for example, bottom and top walls) of the furnace
wall which surrounds the combustion chamber inside the furnace
body. The first burners are mounted on one of the bottom, top,
and side walls. Combustion air is typically heated to as high

as 800 "C or more with sensible heat stored in a regenerator.
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The first burner and a partial combustion air supply apparatus
for the first 'burner may be combined to constitute one
regenerative burner of a high temperature air combustion type.
As8 8 regenerative burners of the high temperature air combustion
type, a publicly known regenerative burner of a continuous
combustion typemay be used, forexample theonewhichisdisclosed
in Japanese Patent Application Nos. 22333571999 and 39138/2000.
In this kind of the regenerative burner, one burner includes
divided regenerators therein. Combustion air is supplied to

part of the divided regenerators and combustion gas is

simultaneously absorbed into remaining divided regenerators for
heat accumulation. Flow paths for supplying the combustion air
and discharging the combustion gas are periodicaliy switched,
and heat accumulation and discharge are repeated inside one

burner system. An outlet for discharging air of an elevated

temperature is shifted in a circumferential direction with the

switching of the flow paths. The fuel, however, can be
continuously supplied from one burner.

A regenerative burner of the high temperature air
combustion type may also be constituted by using a so-called
alternate regenerative burner. In the alternate regenerative
burner, combustion air and exhaust gas are alternately fed into

one whole regenerator to thereby heat the combustion air with

sensible heat stored in the regenerator. The alternate
regenerative burners are largely grouped into a continuous
combustion type which continuously carries out combustion of
the burner and an intermittent combustion type which

Iintermittently carries out combustion of the burner. An

alternate regenerative burner of a continuous combustion type
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is, for example, disclosed in Japanese Patent Application
Laid~open Nos. 256423/1993 and 11121/1994. An alternate
regenerative burner of an intermittent combustion type is, for

example, disclosed in Japanese Patent Application Laid-open No.

222102/1989.

A reaction furnace of the present invention further
comprises one or more second burners 80 constructed as to inject
the fuel in an axial direction or a lengitudinal direction of

the reaction pipes toward a space defined among two or more

adjacent pipes of the reaction pipes. The one or more second
burners are fixedly provided in at least one of paired fixing
areas of the paired wall portions where the reaction pipes are
provided. According to the present invention, by arranging the
one or more second burners inside a collection of the reaction

pipes, it 1s possible to heat with the second burnexs those
reaction pipes located in such portions that are shadowed by

the reaction pipes located outer than the shadowed pilipes.
Consequently, the fields of temperature formed inside the
collection of the reaction pipes can be controlled., thereby
reducingadifference in temperature inside thereactionfurnace.

However, when the second burners are operated positively
to burn the fuel from the beginning of combustion, heat from
the second burners causes a great difference in temperature among
the fields of temperature or local overheating at each pilpe.
After the high temperature ailr combustion state is attained in
the combustion chamber, heat f£from the £first burners, in turn,
causes a difference in temperature among the fields of

temperature. Inviewof theseproblems., according to the present

invention, only the first burners are basically operated to
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elevate the temperature in the combustion chamber until a hlgh
temperature air combustion state is attained. Once the high
temperature air combustion state 1s attained, the one or more
second burners are started for combustion. Then, a combustion
amount of the £irst burners is reduced with an increase in
combustion of the one or more second burners to thereby attain
a necessary combustion state. During a peric;d until the high
temperature air combustion state is attained, the second burners
may be operated to burn the fuel as long as the sacond burners
do not have significant effect. In this case, the first burners
are primarily used to elevate the temperature in the combustion
chamber. After the high temperature air combustion state is
attained in the combustion chamber, a combustion amount of the
one or more second burners is increased and that of the first
burners is reduced with an increase in combustion in the one
6:' more second burners to attain a necessary combustion state.

By the method for controlling combustion according to the
present invention, it can be prevented to produce s0 great a
difference in temperature of the combustion chamber as to cause
oracks of the reaction pipes or coking in the pipes at the start
of combustion even when the £first burners and one or more second
burners are used. After the high temperature air combustion
state is attained in the combustion chamber, by reducing a
combustion amount of the f£irst burners with an inc¢rease in
combustion in the one or more second burners to thereby attain
a necessary combustion state, it can be prevented to produce
sogreatadifference in temperature as tocause cracks of reaction

pipes oOox coking.

Aftexr the necessary combustion state is attained, a ratio
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of t_he combustion amount of the first burners to that of the
one or more second burners is maintained at a level when the

necessary combustion state is attained. With this,
rarely-varying, stable fields of temperature can be formed.

Preferably, the combustion ratio of the first burners to

the one or more second burners falls within a range of 80 : 20

to 0 : 100. With the combustion ratio of 80 : 20, an amount

Of heat received by each of the reaction pipes can be increased
even if the arrangement of the first and second burners are varied
in different ways. Even with the combustion ratios of 80 : 20
to 50 : 50, an amount of received heat can also be increased

though some difference in amount.

When the combustion ratio of the first burners to the one

. O more second burners is set to a range of 50 : 50 to 0 : 100,
acombustionstatecanbeattainedwhere temperaturedistribution
on a pipe wall of each reaction pipe does not become extremely
ununiforminits circumferential direction. Particularly, when
the combustion ratio is finally set to 0 : 100, ununiformity
in the above-mentioned temperature distributioncanbeminimized
and an amount of NOx and CO to be generated can be reduced most.
In these cases, by defining an amount of air to be supplied to
the combustion chamber by the heat exchange type combustion air
supply apparatus so0 that an average of oxygen concentrations
in the exhaust gas fallswithina range of 3.5 to 6 &, a difference
in temperature can furthermore be lessened. As far as it is

currently known, the best operational mode is such that the

combustion ratio is finally set to 0 : 100 and the oxygen

concentratlilons to 6 %.

A reaction furnace according to the present invention
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comprises a plurality of partial combustion air supply

apparatuses for the first burners and one or more partial

combustion air supply apparatuses for the one or more second
burners. The partial combustion air supply apparatuses for the
first burners are so constructed as to discharge exhaust gas
fromthe combustion chamber to theoutside of the reaction furnace
through one or more air-permeable regenerators and to supply
tothe first burners combustionairelavated to ahigh temperature
with sensible heat stored in the one or more regenerators. The
one or more partial combustion air supply apparatuses for the
one or more second burners are 50 constructed as to discharge
exhaust gas from the combustion chamber to the outside of the
reaction furnace through one or more alr-permeable regenerators
and to supply to the one or more second burners combustion air
elevated to a high temperature with sensible heat stored in the
oneé or more regenerators. Since there is one combustion chamber
inside the reaction furnace, part of the air to be supplied by
the partial combustion air supply apparatuses for the first
burners is certainly used for combustion of the one or more second
burners. Likewise, part of the air to be supplied by the partial
combustion air supply apparatuses for the one or more second
burners is also used for c¢ombustion of the f£irst burners.
Accordingly, amounts of air to be supplied to the combustion
chamber by the partial combustion air supply apparatuses for
the f£irst burners and/ or the partial combustion air supply

apparatuses for the one or more second burners are defined so

that an average of oxygen concentrations in the exhaust gas falls

within a range of 3.5 to 6 %.

various arrangements of the first burners and second
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burners can be considered. Most preferably, the £first burners
are fixedly provided at one of the paired wall portions of the
furnace wall and the second burners are fixedly provided at the
other wall portion. With this arrangement, the combustion air
for the first burner and part of the he;sxt from the £irst burnar
approach the vicinity of the second burner, thereby helping haat
part of the reaction pipes located in the vicinity of that second
burner. Also, in a case where the second burners are arranged
on the same wall portions as the first burners, an amount of

heat received by each of the reaction pipes can readily be

increased without locally overheating at each of the reaction

pipes.

Preferably, the second burner is so constructed as to form
a partial combustion flame of which a maximum gas temperature
becomesg 500 °C or more. Also preferably, the first burner and

the partial combustion air supply apparatus for the first burner

are combined to constitute one regenerative burner of a high
temperature air combustion type, and the second burner and the

partial combustion air supply apparatus for the second burner

are combined to constitute one regenerative burner of a high
temperature air combustion type. With these preferred
arrangements, efficiency incombustioncontrol canbemaximizad.
Since, in many cases, it is difficult to secure enough space
among the collection of ;l:he reaction pipes, the partial
combustion air supply apparatuses for the one or more second
burners are preferably arranged outside the reaction pipes so
as to supply combustion air to the one or more second burners.

When the reaction pipes are short in length., the combustion air

supply apparatuses for the first burners may also be used as
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a partial combustion air supply apparatus for the one or more

second burners.

By arranging the reaction pipes so that a distance hetween
any two adjacent pipes of the reaction pipes is equal, and
arranging the second burners s0 that a distance between any
adjacent second burner and reaction pipe is equal, the fields
of temperature inside the reaction pipes can be almost uniform.

In embodying the present invention, a positional
relationship of the first burners with the one or more second
burners and a combustion ratio of the first burners to the one
or more éecond burners are defined in a manner that efficiency

in thermal conduction of the reaction pipes becomes more than

one, supposing that an amount of heat received by the reaction
pipes 1is one when the pipes areheated onlywith the first burners.
With this, an amount of received heat (efficienay in thermal
conduction) can be increased more than ever. "Efficiency in
thermal conduction” is defined as an expression of (an amount
of heat received by the reaction pipes when the second burners
are operated) divided by (an amount of heat received by the
reaction pipes when only the first burners are operated for
heating the pipes).

In an embodiment where the partial combustion air supply
apparatuses for the one or more second burners are arranged
outslide the reaction pipes so as to supply combustion air to
the one or more second burners, an amount of the air to ba supplied
by the partial combustion air supply apparatus for the second
burner is preferably less than 30% of a theoretical fuel air

amount against an amount of the fuel to be supplied by the second

burner. Thus., hlghly efficient combustion can be realized.

10



CA 02480102 2004-09-21

Brief Description of the Drawinags
Fig. 1 1s a schematic view showing the configuration of

afirst embodiment of the present invention adapted for a reaction

furnace for testing.

Fig. 2 shows measured averages for the maximum difference
in temperature distribution on a pipe wall in a circumferential
direction of each reaction pipe when a combustion ratio of the
first burners to the second burners is varied within a range
of 0 to 100 ¥ after the high temperature air combustion state
ig attained.

Fig. 3 shows measured relationships of use percentage of
the second burnefs with NOx concentrations in exhaust gas when
the second burners are provided at the bottomwall (furnace floox)
of the furnace body and when the second burners are provided

at the top wall (furnace ceiling) of the furnace body according

to another embodiment of the present invention as described
lLater,

Fig. 4 shows transitions in ppm of NOxX and CO in exhaust
gas by varying the ratio of air (residual oxygen concentrations)

supplied to the combustion chamber when a combustion ratio of

»

the first burners to the second burners is set to 0 : 100 after
the high temperature air combustion state is attained.

Fig. 5 shows measured averages for the maximum difference
in temperature distribution on a plpe wall in a c¢ircumferential
direction of each reaction pipe by varying the ratio of air

(residual oxygen concentrations) supplied to the combustion

chamber when a combustion ratio of the first burners to the second

burners is set to 40 : 60 after the high temperature air combustion

11
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state is attalined.

Fig. 6 1s a schematic, enlarged, cross-sectlional view

showing an example of an outlet structure for the second burner.

Fig. 7shows adifferent arrangement of the second burners.

Fig. 8 1s a schematic view showing the configuration of
a second embodiment of the present inventionadapted toareaction

furnace for testing.

Fig. 9 1s a schematic view showing the configuration of

a third embodiment of the present invention adapted to a reaction

furnace for testing.

Fig. 10 is a schematic view showing the configuration of
a fourthembodiment of the present invention adapted to areaction

furnace for testing.

| Fig. 11 is a schematic view showing the configuration of

arfifth embodiment of the present invention adapted to a reaction
furnace for testing.
Fig. 12 is a schematic view showing the configuration of

a sixth embodiment of the present invention adapted to a reaction

furnace for testing.

Fig. 13 1s a schematic view showing the configuration of

a seventh embodiment of the present invention adapted to a

reaction furnace for testing.

Fig. 14 is a schematic view showing the configuration of
an elghth embodiment of the present invention adapted to a

reaction furnace for testing.

Fig. 15 is a schematic view showing the configuration of

a ninth embodliment of the present invention adapted to a reaction

furnace for testing.

12
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Best Modes for Embodying the Invention
The present invention will now be described in detail with

reference to the accompanyling drawings. Fig. 1 is a schematic
view showing the configuration of an embodiment according to
the present invention adapted to a reaction furnace for
improvement testing. Referring first to Filg. 1, referencs
numeral 1 designates a furnace body having a furnace wall which
surrounds a combustion chamber 2 therein. The furnace body 1
includes a vottomwall (furnace £loor) la and a top wall (furnace
ceiling) 1b which constitute a pair of wall portions, side walls
lc¢c and 14 which constitute a pair of wall portions positioned
in a width direction {(a front-to-hack direction as Fig. 1l is

seen on the paper), and side walls le and 1f which constitute

a palr of wall portions in a lateral direction (a right~to-left
direction as Fig. 1 is seen on the paper).

The bottom wall (furnace floor) la of the furnace body
1 is supported by a support structure (not shown). The top wall
(£furnace ceiling) 1b of thé furnace body 1 is provided fixedly
with four continuous combustion type regenerative burners 3,
4, 5, 6 which respectively constitute regenerative burners of
a high temperature air combustion type. Aplurality of reaction
pipes 7 are so arranged as to penetrate the bottom wall la and
top wall 1b of the furnace body 1.

The continuous combustion type regenerative burners 3,
4, 5, 6 used herein are provided at the furnace wall of the furnace
body 1. The continuous combustion type regenerative burners
3, 4, 5, 6 are constituted by combining first burners 3a, 4a,
5a, 6a for bpurning a fuel in the combustion chamber 2 and partial

combustion air supply apparatuses 3b, 4b, 5b, 6b for the first

13
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burners. The partial combustion air supply apparatuses 3b, 4b,
5b, 6b for the first burners respectively have one or more
alir-permeable regenerators (not shown). Thepartial combustion
air supply apparatuses 3b, 4b, 5b, 6b for the first burners are
80 constructed as to discharge exhaust gas from the combustion
Chamber 2 to the outside of the furnace through the air-permeable
regenerators (not shown) and to supply to the first burners 3a,
4a, dSa, 6a combustion air elevated to a high temperature with

sensible heat stored in the one or more regenerators. Since
such a structure of the continuous combustion type regenaerative

burners 1s disclosed in Japanese Patent Application Laid-open
Publication Nos. 223335/1999 and 39138/2000 in detail,

descriptions are omitted herein.

A heating temperature for combustion air is determined
by various factors such as a switching or rotational speed of
the regenerators incorporated into the partial combustion air
supply apparatuses 3b, 4b, 5b, 6b for the first burners as well
as air-permeabllity and length of the regenerators. In this
embodiment, these factors are defined so that the temperature
of the combustion air is elevated to 800 °C or more. Certainly,
materials for respective sections are selected that can endure
such a high temperature. In the rear of the partial combustion
alr supply apparatuses 3b., 4b. 5b, 6b for the first burners,
a duct structure is provided. The dAuct structure includes an
air duct (not shown) for supplying the combustion air and an
exXhaust gas duct (not shown) for discharging the exhaust gas.
Further, in the rear of the duct structure are arranged a forced
alr fan for forcibly feeding the combustion air 1:6 the alr duct

and an induced air fan for taking in the exhaust gas out of the
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exhaust gas duct.

As shown 1in this embodiment, when four continuous
combustion type regenerative burners 3, 4, 5, 6 are used, four
duct structures are collected to construct a collected duct
structure for each of these regenerative burners. Typically,
the collected duct structure provides one forced air fan and
one induced alr fan to these four duct structures for supplying
the combustion air and discharging the exhaust gas. In this
embodiment, two continuous combustion type regenerative burners

3., 4 are arranged on one side of a group of the reaction pipes
7 so as to inject a fuel along the axial direction of the reaction

pilpes 7. Another two continuous combustion type regenerative
burners 5, 6 are arranged on the other side of the group of the
reactionpipes 7 soas toinject the fuel along the axial direction

Of the reactlon pilpes 7. In Fig. 1, a flow of the combustion

air from the regenerative burners 3, 4, 5, 6 are respectively

indicated by an arrow.

Seven reaction pipes 7 are positioned each in six apexas
and the center of a hexagon. Second burners 8 are so arranged
as to face toward a space defined among two or more adjacent
pPipes 7 of the group of the seven reaction pipes 7. Four second
burners 8 are respectively arranged so as to inject the fuel
in the axial direction of the pipes toward a space defined between
any two adjacent pipes of the seven reaction pipes 7. These
second burners 8 are respectively fixed in a fixing area of the

bottom wall la where the reaction pipes 7 are provided.
On the side wall 1lc of the furnace body 1, two partial

combustion air supply apparatuses 10, 11 for the second burners

are arranged at an interval in a vertical direction. These two
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partial combustion air supply apparatuses 10, 11 are constructed
in the same manner as the continuous combustion type regenerative

burners 3, 4, 5, 6 mentioned above excluding the burners.

Spacifically, these two partial combustion air supply
apparatuses 10, 11 for the second burners respectively include
a regenerator, a rotating mechanism and air fans. These two
partial combustion air supply apparatuses 10, 11 are so
oconstructed as to discharge exhaust gas from the combustion
chamber 2 to the outside of the furnace through the ailr-permeable

regenerators and to supply to the second burners 8 combustion

air elevated to a high temperature with sensible heat stored
in the regenerators. An amount of the air to be supplied by
the partial combustion air supply apparatuses 10, 11 is set to
less than 50 ¥ of a theoretical fuel air amount against an amount

of a fuel to be supplied by the second burners 8. This amount

of the air is preferably set to less than 30 %, more preferably

to &5 to 20 %.

In this arrangement, the reaction pipes 7 are heated with
both radiant heat of the high temperature combustion gas
ocutputted from the burners and radiant heat from the furnace
wall, In this embodiment, by ¢carrying out high temperature air
combustion so that a temperature in the combustion chamber 2
becomes 800 °C or more, it is possible to lessen a difference
in temperature among the £fields of temperature in the combustion

chamber 2 where the reaction pipes 7 are provided.

The studlies carried out by the inventors of the present
invention have revealed that a great difference in temperature
1s produced among the £ields of temperature or local overheating

18 caused at each reaction pipe by heat from the second burners
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8 at the start of combustion if the saecond burners 8 are positively
operated from the start of combustion. Once a high temperatureé
air combustion state is attained in the combustion chamber 2,
a difference in temperature is produced among the fields of

temperature if only the first burners 3a, 4a, 5a., 6a are operated.
According to the present invention, only the first burners 3a,

4a, 5a, 6a are basically operated to elevate the temperature

in the combustion chamber 2 until the high temperature air
combustion state is attained. During a period until the high
temperature air combustion state is attained in the combustion
chamber 2, the second burners 8 may be operated for combustion
as long as they have no significant effect. Specifically, the
second burners 8 may be operated for combustion to such extent
that neither local overheating nor coking is caused. In such
a case, the first burners 3a, 4a, b5a, 6a are pi:'intarily opéerated
to elevate the temperature in the combustion chamber 2 until
the high temperature air combustion state is attained. "High
temperature air combustion® is Gefined as a state in which a
temperature of the combustion chamber 2 has become 800 °C or

MOoOxe.

Afterthehigh temperatureaircombustionstate isattained
in the combustion chamber 2, the second burners 8 are started
for combustion or combustion of the secondburners 8 is increased.
sSubsequently, a combustion amount of the first burners 3a, 4a,
ba, 6a is reduced with an increase in combustion of the sacond
burners 8 to thereby attain a necessary combustion state. Once
the necessary combustion state is attained, a combustion ratio

of the first burners 3a, 4a, 5a, 6a to the second burners 8 is

maintained at a level for the necessary combustion state.
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The neéessary combustion state depends upon a desired
operational mode. For example, in order to attain a combustion
-state in which temperature distribution on a pipe wall of each
of the reaction pipes 7 does not become ununiform in the
clrcumferential direction of each reaction pipe 7, a combustion
ratio of the first burners 3a, 4a, 5a, 6a to the second burners
8 is preferably set to a range of 50 : 50 to 0 : 100. An amount
of air to be supplied to the combustion chamber 2 by the parti‘al
combustion alr supply apparatuses 3b, 4b, 5b, 6b for the first
burners and the two partial combustion air supply apparatuses
10, 11 for the sacond burner, which constitute a heat exchange

type combustion air supply apparatus, 1s so defined that an

average of oxygen concentrations in the exhaust gas falls within

a range of 3.5 to 6 %.

Fig. 2 shows measured averages for the maximum difference
in temperature distribution on a pipe wall in a circumferential
direction of each reaction pipe when a combustion ratio of the
first burners 3a, 4a, 5a, 6a to the second burners 8 is varied
within a range of 0 to 100 % after the high temperature ailir
combustion state is attained in the arrangement shown in Filg.
1. As known from Fig. 2, after the high temperature air
combustion state is attained, the difference of temperature in
the temperature distribution on the pipe walls becomes smallerxr
as the combustion amount of the first burners 3a, 4a, 5Sa, 6a
is decreased toward 0 ¥ with an increase in combustion of the
second burners 8 toward 100 %.

Fig. 3 shows measured relationships of use percentage of
the second burners with NOx concentrations in exhaust gas in

respect of Case (A) as shown in this embodiment where the second
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burners 8 are provided at the bottom wall (furnace floor) la

of the furnace body 1l and Case {B) as shown in another embodiment
where the second burners are provided at the top wall (furnace

celiling) 1b of the furnace body 1. As indicated by the figure,
after the high temperature air combustion state is attained,
an amount of NOx can be reduced, iprespective of where the saecond
burners are provided, by reducing the combustion amount of the
£irst burners 3a, 4a, Sa, 6a toward 0 ¥ with an increase in
combustion of the second burners 8 toward 100 %.

Further, Fig. 4 shows transitions in ppm of NOx and CO
in exhaust gas by varving the ratio of air (residual oXxygen
concentrations) supplied to the combustion chamber 2 when a
combustion ratio of the first burners 3a, 4a, 5a, 6a to the second
burners 8 is set to 0 : 100 after the high temperature alr
combustion state is attained. It follows from Fig. 4 that an
amount of NOx tends to increase although that of CO gradually

dacreases by increasing the air ratio (residual oxygen

concentrations).

Fig. 5 shows measured averages for the maximum difference
in temperature distribution on a pipe wall in a circumferential
direction of each reaction pipe 7 by varving the ratio of air

(residual oxygen concentrations) supplied to the combustion

chamber 2 when a combustion ratio of the first burners 3a, 4a,
5a, 6a to the second burners 8 is set to 40 : 60 after the high
temperature air combustion state is attained. As known from
Fig. 5, once the high temperature aircombustionstate isattained.
a difference in temperature on the pipe walls becomes smaller
as oxygen concentrations in the combustion chamber 2 increase.

In view of the increasing/decreasing tendency of NOx and that
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of COasshown inFig. 4, preferred residual oxygen concentrations
are 3 to 6 ¥. In this embodiment, the best operational mode
is such that ‘the. combustion ratio is finally set to 0 : 100 and
the oxygen concentrations to-6 %.

It has been known that the combustion amount of the first
burners 3a, 4a, 5a, 6a is preferably set larger than that of
the second burners 8 in order to increase an amount of received

heat or efficiency in thermal conduction as much as possible

without significantly increasing a difference in temperature

among the fields of temperature.

In this embodiment, a positional relationship of the four
continuous combustion type regenerative burnars (first burners)
3, 4, 5, 6 with the eight second burners 8, 9 and a combustion
ratio of the four regenerative burners (first burners) 3, 4,
5. 6 to the eight second burners 8, 9 are defined in a manner
that an amount of heat received by the seven reaction plpes 7
becomes more than one, supposing that an amount of heat received
by the seven reaction pipes 7 18 one when the seven pipes 7 are
heated only with the four regeneratlive burners 3, 4, 5, 6., AS
described later, in this embodiment, a combustion ratio of the
regenerative burners (first burners) 3, 4, 5. 6 to the secand
burners 8, 9 is sat to 80 : 20.

With the combustion ratio of 80 : 20, an amount of heat

recelved by each of the reaction pipes can be increased even
1f an arrangement of the first burners 3a, 4a, Sa, 6a and that
of the second burners 8 are varied in possible manners. With
the combustion ratios of 80 : 20 to 50 : 50, the amount of received
heat can also be increased though some difference in amount.

Various arrangements of the first burners and second
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burners can be considered. As shown in this embodiment. it is

preferred that the first burners 3a, 4a, 5a, 6a are fixedly
provided at the bottom wall (furnace f£floor) la and the second
burners 8 are fixedly provided at the top wall (furnace celling)
1b. With this arrangement, the combustion air for the first
burners 3a, 4a, 5a, 6a and part of the heat £from the £first burners
Ja, 4a, 5a, 6a approach the vicinity of the second burners 8,

thereby helping heat those reaction pipes 7 located in the

vicinity of the second burners 8. Theraefore, in a case where
the second burners 8 are arfanged on the same wall portion as
the first burners, an amount of heat received by each of the
reaction pipes can readlly be 1increased without locally
overheating at each of the reaction pipes.

Preferably, the second burners are so constructed as to

formapartial combustion flame of whichamaximumgas temperature
becomes 500 °C or more. For example, as conceptually shown in
Fig. 6, by lowering the second burnexrs 8 by a specified distance
below a wall level of the furnace wall 1lx and constructing a
fuel air mixing chamber 12 in front of the second burners 8,

a partial combustion Flame can be formed.

It is not necessary to arrange the second burners at an
equal interval. The second burners c¢an be arranged in such a

manner as shown in Fig. 7.

As illustrated in Figs. 8 to 15, the second burners can
differentlybe arranged. Figs. 8 to 15 showvarious arrangements
of the first and second burners in different embodiments

according to the present invention. In these figures, the same
members as those shown in Fig. 1 are designated at the same

reference numerals as those used in Fig., 1, and descriptions
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are omitted thereto.

Flg. 8 shows another embodiment of a reaction furnace
according to the present invention. In this embodiment, four
second burners 8 are fixed in a fixing area of the bottom wall
la and four second burners 9 are fixed in a fixing area of the
top wall 1b in a manner that the second burners inject a fuel
in an extending direction of seven reaction pipes 7 toward a°
space defined among tow or more adjacent pipes of the reaction
pipes 7. On the sidewall lcof the furnace body 1, two combustion
air supply apparatuses 10, 11 for the second burners are arranged
at aninterval inalongitudinaldirection. These twocombustion

alr supply apparatuses 10, 11 for the second burners are

constructed in the same manner as the above-mentioned continuous
combustion type regenerative burners 3, 4, 5, 6 excluding the
burners. Speclfically, these two combustion air supply
apparatuses 10, 11 for the second burners respectively include
a regenerator, a rotating mechanism and air fans. These two
combustion air supply apparatuses 10, 11 for the second burners
are so constructed to disch'arge exhaust gas from the combustion
chamber 2 to the outside of the furnace through air-permeable
regenerators and to supply to the second burners 8, 9 combustion
air elevated to a high temperature with sensible heat stored
in the regenerators. An amount of the air to be supplied by
the two combustion air supply apparatuses 10, 11 for the second

burners is preferably set to less than 30 % of a theoretical

fuel air amount against an amount of the fuel to be supplied

by the second burners 8, 9.

Fig. 9 is a schematic view showing the configuration of

another embodiment of a reaction furnace according to the present
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invention. This embodiment differs from the one shown in Fig.

8 in that four second burners 9 are only provided on the top

wall 1b.

Fig. 10 is a schematic view showling the configuration of

another embodiment of a reaction furnace according to the present
invention. This embodiment differs £from the one shown in Fig.

8 in that four second burners 8 are only provided on the bottom

wall la.

Fig. 11 is a schematic view showing the configuration of
another embodiment of a reaction furnace according to the present
invention. This embodiment differs from the one shown in Fig.
8 in that four second burners 8 are only provided on the bottom
wall la and four continuous combustion type regenarative burners
3, 4, 5, 6 are £fixed onto the top wall 1b. Two combustion air
supply apparatuses 10, 11 for the second burners (shown in Fig.
8) are omitted from Fig. 11. In this embodiment shown 1in Fig.
11, two continuous combustion type regenerative burners 3. 4
are arranged on one side of a group of the reaction pipes 7 so
as to inject a £fuel in an extending direction of the pipes, and
two continuous combustion type regenerative burners 5, 6 are
arranged on the other side of the group of the reaction pipes
7 s0 as to inject the fuel in an extending direction of the pipes.

Fig. 12 is a schematlc view showing the configuration of
another embodiment of a reaction furnace according to the prasent
invention. This embodiment differs from the one sﬁown in Fig.
8 in that four second burners 9 are only provided on the top
wall 1b and four continuous combustion type regenarative burners
3, 4, 5, 6 are fixed onto the bottom walil la. Two combustion

alr supply apparatuses 10, 11 for the second burners (shown in
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Fig. 8) are omitted from Fig. 12. In this embodiment shown in
Fig. 12, two continuous combustion type regenerative burners
3, 4 are arranged on one side of a group of the reaction pipes
7 80 as to inject a fuel 1in an extending direction of the pipes,

and two continuous combustion type regenerative burners 5, 6

are arranged on the other side of the group of the reaction pipes
7 so as to inject the fuel in an extending direction of the pipes.

The following table shows transitions in the amount of
received heat or efficiency in thermal conduction for each of
the reaction pipes 7 when a combustion ratio of the continuous

combustion type regenerative burners 3, 4, 5, 6 to the second

burners 8 or 9 is varied in respect of the embodiments shown

in Figs. 8 to 12.

Table 1

Embodiments Fig.11 |Fig.12

Combustion Efficiency in Thermal Conduction
Ratio

100%:0% 0.83  [0.83 0.83
BO%:20% 1.09  [0.90 0.92

50%:50% 0.9
 20%:80% (0.8

20%:80% 0.

This table shows the amounts of heat received by the
reaction pipes 7 in respect of the embodiments shown in Figs.

8 to 12 on an assumption that an amount of heat received by the
reactionpipes 7 is defined as one when the continuous combustion

type regenerative burners 3, 4, 5, 6 are only used for combustion

without using the second burners 9 in an embodiment shown in
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Fig. 12. Therefore, the figures shown in Table 1 denote
efficiency in thermal conduction. The combustion ratio column
indicates a combustion ratio of "the continuous combustion type
regenerative burners 3, 4, 5, 6 (first burners) to the sacond
burners 8, 9". As known from the table, combustion efficiency
1s more than one when the combustion ratio is set to 80 : 20

in the embodiments shown in Figs. 8, 11l and 12. In these
embodiments shown in Figs. 8 to 12, combustion efficiency is
maximized to more than one when the combustion ratio is set to
80 : 20 on an assumption that the amount of heat received for
each of the embodiments is defined as one with the combustion

ratioof "100 % : 0 2. Therefore, in any of these ambodiments,

the combustion ratio is preferably set to 80 : 20.

Figs. 13 to 15 show other embodiments in which the
continuous combustion type regenerative burners 3, 4, 5, 6 and
the secondburners 8, 9 aredifferentlyarranged fromone another.
In these embodiments, as described above, combustion efficliency

can be maximized by setting the combustion ratio to 80 : 20,

*

In each of the above-mentioned embodiments, the séaecond
burners and partial combustion air supply apparatuses for the
second burners are separately provided. However, the second
burners and combustion alr supply apparatuses for the second
burners may collectively be arranged to constitute a one-burner
system, namely continuous combustion type regenerative burners.

In these embodiments, continuous combustion type
raegenerative burners of a high temperature air combustion type
are used. Certainly, regenerative burners of other typeaes such

as rotary and alternate regenerative burners may also ba used.
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Industrial Applicability

According to the present invention, it is possible to
prevent a dlfference in temperature among the fields of
temperature inside the reaction furnace from becoming go large
as to cause cracks of the reaction pipes or coking at the start
of combustion. It is also possible to prevent a difference in
temperature among the fields of temperature in the combustion

chamber £from becoming so large as to cause cracks of the reaction

pipes or coking by reducing the combustion amount of the First

burners with an increase in combustion of the one or more second

burners after ahigh temperature air combustion state is attained

in the combustion chamber of the reaction furnace.
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Claims

1. A method for controlling combustion of a reaction furnace

comprlsing:

a furnace body having a furnace wall which surrounds a
combustion chamber therein,

a plurality of reaction pipes provided between a palir of

opposing wall portions of said furnace wall of saild furnace body

and juxtaposedly arranged therebetween so as to extend in the

same direction,

apluralityof firstburners arrangedoutside saidreaction
pipes and provided at said furnace wall of said furnace body
for burning a fuel in said combustion chamber,

one or more second burners fixedly provided in at least
one of paired fixing areas of salid paired wall portions in which
sald reaction pipes are provided, so as to inject the fuel in
an axial direction of said reactlion pipes toward a space definad
among two or more adjacent pipes of said reaction pipes, and

a heat exchange type ¢combustion air supply apparatus for
discharging exhaust gas from said combustion chamber to the
outside of said reaction furnace through an air-permeable
regenerating means and supplying to said combustion chamber
combustion air elevated to a high temperature with sensible heat
stored in said regenerating means:

wherein the method comprises steps of:

operating only said first burners to burn the fuel to
elevate a tamperature in said combustion chamberuntil the inside

of said combustion chamber gets into a high temperature air

combustion state,
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operating said one or more second burners to burn the fuel
after the high temperature air combustion state is attained in
sald combustion chamber, and

reducing a combustion amount of said f£first burners with
an increase in combustion of said one or more second bgrners

to thereby attain a necessary combustion state.

‘2. The method for controlling combustion of a reaction furnace
as defined in Claim 1, wherein a ratio of the combustion amount
of said first burners to the combustion amount of said one or
more second burners is maintained at a level for sald necessary

combustion state after said necessary combustion state is

attained.

3. The metheod for controlling combustion of a reaction furnace

as defined incClaim 2, wherein the ratio of the combustion amount
of said first burners to the combustion amount of said one or

more second burners falls within a range of 80 : 20 to 0 : 100.

4. The method for controlling combustion of a reaction furnace
as defined in Claim 1, wherein said necessary combustion state
is attained in a manner that temperature distribution on a pipe
wall in a circumferential direction of said reaction pipe does

not become extremelyununiforminrespect of eachof said reaction

plpes.

5. The method for controlling combustion of a reaction furnace
as defined in Claim 4, wherein the ratio of the combustion amount

of sald f£first burners to the combustion amount of said one or
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more second burners falls within a range of 50 : 50 to 0 : 100.
6. The method for controlling combustion of a reaction furnaae
as defined in Claim 5, wherein an amount of air to be supplied
to said combustion chamber by said heat exchange type combustion
alr supply apparatus is so defined that an average of oxygen

concentrations in said exhaust gas falls within a range of 3.5

to 6 %.

7. A method for controlling combustion of a reaction furnace

comprising:

a furnace body having a furnace wall which surrounds a
combustion chamber therein,

a plurality of reaction pipes provided between a pair of
opposing wall portions of said furnace wall of said furnace body

and juxtaposedly arranged therebetween so as to extend in the

same direction,

apluralityof first burners arrangedoutside said reaction
pipes and provided at said furnace wall of said furnace body
for burning a fuel in said combustion chamber,

one or more second burners fixedly provided in at least
one of paired fixing areas of said paired wall portions in which

s8aild reaction pipes are provided, so as to inject the fuel in
an axial direction of salid reaction pipes toward a space defined
among two or more adjacent pipes of said reaction pipes, and

a heat exchange type combustion air supply apparatus for :
discharging exhaust gas from said combustion chamber to the
outside of said reaction furnace through an air-permeable

regenerating means and supplying to salid combustion chamber
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combustion air elevated to a high temperature with sensible heat

stored in said regenerating means;

wherein the method comprises steps of:

prilmarily operating said first burners to burn the fual
to elevate a temperature in said combustion chamber until the

inside of said combustion chamber gets into a high temperature

air combustion state,

increasing a combustion amount of said one ¢r more second

burners after the high temperature air combustion state is

attained in said combustion chamber, and
reducing a combustion amount of said first burners with
an inocrease in combustion of said one or more second burners

to thereby attain a necessary combustion state.

8. The method for controlling combustion of a reaction furnace
as defined in Claim 7, wherein a ratio of the combustion amount

of said first burners to the combustion amount of said one or
more second burners is maintained at a level for said necessary

combustion state after said necessarv combustion state 1is

attained.

9. The method for controlling combustion of a reaction furnace
as defined in Claim 8, wherein the ratio of the combustion amount
of said first burners to the combustion amount of said one or

more second burners falls within a range of 80 ;: 20 to 0 : 100.

10. The method for controlling combustion of a reaction furnace
as defined in Claim 7. wherein said necessary combustion state

1s attained in a manner that temperature distribution on a pipe
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wall in a circumferential direction of said reaction pipe does
not become extremelyununiformin respect of each of said reaction

pipes.

1ll. The method for controlling combustion of a reaction furnace
as definedinClaim 10, wherein the ratio of the combustion amount

of salid first burners to the combustion amount of said one or

more second burners falls within a range of 50 : 50 to 0 : 100.

12. The method for controlling combustion of a reaction furnace
as defined in Claim 11, wherein an amount of air to be supplied
to said combustion chamber by said heat exchange type combustion

alr supply apparatus is so defined that an average of oxvyvgen
concentrations in said exhaust gas falls within a range of 3.5

to & %.

13. A reaction furnace comprising:

a furnace body having a furnace wall which surrounds &a
combustion chamber therein,

a plurality of reaction pipes provided between a pair of
opposing wall portions of said furnace wall of said furnace body
and juxtaposedly arranged therebetween so as to extend in the
same direction,

apluralityoffirstburners arrangedoutside said reaction
pipes and provided at said furnace wall of said furnace body
for burning a fuel in said combustion chamber,

a plurality of partial combustion air Supply apparatuses
for sald first burners arranged outside said reaction pipes and

80 constructed as to discharge exhaust gas from said combustion
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chamber to the outsiqge of saijid reaction furnace through one oxr
more air-permeable regenerators and to supply to said first
burners combustion air elevated to a high temperature with
sensible heat stored in said one or more regenerators,

one or more second burners fixedly provided in at least
one of paired fixing areas of said paired wall portions in which
said reaction pipes are provided, so as to inject the fuel in
an axial direction of said reaction pipes toward a space defined
among two or more adjacent pipes of said reaction pipes. and

one or more partial combustion air supply apparatuses for
sald one or more second burners so constructed as to discharge

exhaust gas from said combustion chamber to the outside of said

reactlion furnace through one or more air-permeable regenerators

and to supply to said one or more second burners combustion air

elevated to a high temperature with sensible heat stored in said
one or more regenerators:;

wherein a ratio of the combustion amount of said first
burners to the combustion amount of saidone ormore second burners

falls within a range of 50 : 50 to 0 : 100 when the inside of

said combustion chamber is in a high temperature air combustion

state.

14. The reaction furnace as defined in Claim 13, wherein an amount
of air to be supplied to said combustion chamber Dy said partial
combustion air supply apparatus for said first burner and/or
that of air to be supplied to said combustion chamber by said

partial combustion air supply apparatus for saild second burner

is s0 defined that an average of oXygen concentrations in =said

exhaust gas falls within a range of 3.5 to 6 %.
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15. The reaction furnace as defined in Claim 13, wherein saild
first burners are fixedly provided at one of said paired wall

portions and said second burners are fixedly provided on the

other wall portion.

16, The reaction furnace as defined in Claim 15, wherein said

second burner is so constructed as to form a partial combustion

flame of which a maximum gas temperature becomes 500 ° C or more.

17. The reaction furnace as defined in Claim 13, wherein said

first burner and sald partial combustion air supply apparatus
forsaid first burner are combined to constitute one regenerative
burner of a high temperature air combustion type, and said second
burner and said partial combustion air supply apparatus for said

second burner are combined to constitute one regenerative burner

of a high temperature air combustion type.

18. A reaction furnace comprising:

a furnace body having a furnace wall which surrounds a
- combustion chamber therein,
a plurality of first burners provided at said furnacewall
of said furnace body forburninga fuel in said combustion chamber,
a plurality of partial combustion air supply apparatuses
for said first burners so constructed as to discharge exhaust
gas from said combustion chamber to the outside of said reaction
furnace through one or more air-permeable regenerators and to
supply to said first burners c';ombustion air elevated to a high

Temperature with sensible heat stored in said one or more

33



CA 02480102 2004-09-21

regenerators,

a plurality of reaction pipes fixedly provided between

a pair of opposing wall portions of said furnace wall so as to

extend in the same dilirection,

one or more second burners fixedly provided in at least
one of paired fixing areas of said paired wall portions onto
which said reaction pipes are fixed, so as to inject the fuel
in sald extending direction of said reaction pipes toward a space
defined among two or more adjacent pipes of said reaction pipes.

and

one or more partial combustion air supply apparatuses £for
said one or more second burners for discharging exhaust gas from
sald combustion chamber to the outside of sald reaction furnace
through one or more air-permeable regenerators and supplying
to said one or more second burners combustion air elevated to
a high temperature with sensible heat stored in said

regenerators;

whereln the plurality of said first burners are arranged
outside said reaction pipes and fixedly provided at said furnace

wall so as to inject the fuel 1n an extending direction of said
reaction pipes or a direction crossing said extending direction

Of said reaction pipes; and

wherein a positional relationship of said £first burners
with said one or more second burners and a combustion ratio of

sald first burners to said one or more second burners are defined
in amanner thatefficiency in thermal conductionof said reaction
plipes becomes more than one, supposing that an amount of heat

recelved by sald reaction pipes is one when said reaction pipes

are heated only with said first burners.
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19. The reaction furnace as defined in Claim 18, wherein said
Firet burners are fixedly provided at one of said paired wall
portions and said one or more second burners are fixedly provided
at the otherwall portion, and said £first burners are dispersedly

arranged so that said reaction pipes exist therebetween.

20. The reaction furnace as defined in Claim 18, wherein sald
one or more second burners are fixed onto either of said palired
wall portions, and said first burners are dispersedly arranged

at a pailr of opposing wall portions other than said paired wall

portions so that sald reaction pipes exist therebetween.

21. The reaction furnace as defined in Claim 18, wherein a

combustion ratio of said first burners to said one oxr more second

burners is 80 : 20.

22. The reaction furnace as defined in Claim 18, wherein said
one or more partial combustion air supply apparatuses for said
one or more second burner are so arranged as to supply said
combustion alr to said one ormore second burners from the cutside
of sald reaction pipes, and an amount of the air to be supplied

by said partial combustion air supply apparatus for said second

burner is less than 30% of a theoretical fuel air amount against

an amount of the fuel to be supplied by sald second burner.

23. The reaction furnace as defined in Claim 22, wherein said

raaction pipes are so arranged that a distance between any two

adjacent pipes of said reaction pipes is equal., and said second
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burners are so arranged that a distance between any adjacent

second burner and reaction pipe is equal.

24. The reaction furnace as defined in Claim i8, wherein said
first burner and sa:i.d partial combustion air supply apparatus
forsaidfirst burner are combined to constitute one regenerative
burner of ahigh temperature air combustion type, and said second

burner and said partial combustion air supply apparatus for said

second burner are combined toconstitute one regenerative burner

of a high temperature air combustion type.
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FIG.2
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FIG.4

Residual Oxygen Concentrations {%)
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FIG.6
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FIG.8
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FIG. 11

ST 0 N vt en 2z Pr e trliﬂaaqu..!!a..lﬁdll




CA 02480102 2004-09-21




CA 02480102 2004-09-21




CA 02480102 2004-09-21

vvvvv

| E
|
|I

"&I"l-u' '
_tl..i I.ll
«le w4 S5 W W - A g am &b B Sl

=" gﬁlﬁﬁ%ﬁ%&

e ——

-t .\\’
mbe df nin o e g~

+5- 8T
- =
-

N

]

T ane—

a hard bl ) WA [ty

’-

™ o

— L rF ¥ 3 2 X = _KE B __ L 2 L A W Y -
ey v s..:!gul.%J
gg’“ﬁhﬂ’-”-’.%‘“' -

""ll '.'""'"':-"



CA 02480102 2004-09-21

"

e dhndias e (IR GID SN APP GED W 00 ol

|







	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - abstract drawing

