
ETHYLENE FURNACE RADIANT COIL DECOKING METHOD This
application claims the benefit under 35 U.S.C.  119 of
U.S. Provisional Application No. 60/928,093 filed on
May 7, 2007, the entire contents of which are hereby
incorporated by reference. Field of the Invention
[001] The present invention relates to a method for
decoking an ethylene plant furnace. The beginning of
the decoking process is controlled using the changes
in coil outlet temperature. Air flow rates, steam flow
rates and coil outlet temperatures are controlled
during the decoking process to prevent tube damage,
minimize decoking time and maximize coke removal.
Background of the Invention [002] Ethylene is produced
worldwide in large quantities, primarily for use as a
chemical building block for other materials. Ethylene
emerged as a large volume intermediate product in the
1940s when oil and chemical producing companies began
separating ethylene from refinery waste gas or
producing ethylene from ethane obtained from refinery
byproduct streams and from natural gas. [003] Most
ethylene is produced by thermal cracking of
hydrocarbon with steam. The arrangement of a typical
ethylene cracking furnace is shown in Fig. 1.
Hydrocarbon cracking generally occurs in fired tubular
reactors in the radiant section of the furnace. In a
convection section, a hydrocarbon stream may be
preheated by heat exchange with flue gas from the
furnace 



burners, and further heated using steam to raise the
temperature to incipient cracking temperatures,
typically 500-680 0C depending on the feedstock.[004]
After preheating, the feed stream enters the radiant
section of the furnace in tubes referred to herein as
radiant coils. It should be understood that the method
described and claimed can be performed in ethylene
cracking furnaces having any type of radiant coils. In
the radiant coils, the hydrocarbon stream is heated
under controlled residence time, temperature and
pressure, typically to temperatures in the range of
about 780-8950C for a short time period. The
hydrocarbons in the feed stream are cracked into
smaller molecules, including ethylene and other
olefins. The cracked products are then separated into
the desired products using various separation or
chemical-treatment steps. [005] Various byproducts are
formed during the cracking process. Among the
byproducts formed is coke, which can deposit on the
surfaces of the tubes in the furnace. Coking of the
radiant coils reduces heat transfer and the efficiency
of the cracking process as well as increasing the coil
pressure drop. Therefore, periodically, a limit is
reached and decoking of the furnace coils is required.
[006] Decoking of ethylene furnaces is typically
conducted every 20 to 70 days. Because the decoking
process is generally difficult to monitor, prior
decoking procedures are accomplished by ramping air
and steam flows at historically acceptable values
based upon experience. Using these procedures, it can
be difficult to control the coke burn rate. It is also
difficult to detect conditions that require a slower
more conservative decoke procedure (slower 



ramping of air rate). This can result in damage to the
radiant coils or an undesirably slow decoking,
increasing furnace down time and reducing production.
[007] For example, to avoid damage to the radiant
coils, some more conservative decoking procedures
utilize low air and steam flow rates and flow ramping
rates at the beginningof the decoking procedure to
avoid fast coke burn. These more conservative
procedures can lead to increased down time and lost
production. On the other hand, air and steam flow
rates and flow ramp rates that are too fast can cause
coil erosion or localized fast burning, which can
damage the radiant coils. [008] When air is first
introduced to the furnace to start the burning of the
coke, overheating of the radiant coils can occur
causing a reduction in coil life. Control of the
initial air introduction step is difficult because no
direct measurement of the coke burning rate is
available. To avoid coil damage, this step generally
is performed very slowly, which can unnecessarily
extend the time for the decoking process. [009] One
effort to address this problem involves the use of
effluent analyzers to monitor CO2 formation in the
coke burning process. These analyzers generally do not
work well at the start of the decoking process due to
the relatively small amounts of CO2 present. In
addition, the CO analysis can be difficult to
interpret because it is actually a measure of the
percentage of air that is consumed rather than the
burn rate of the coke. [0010] Coke spalling prior to
decoking is also a concern. Coke can spall from coils
due to process upsets immediately prior to decoking
and collect in the radiant coils. This material 



burns very easily, and, as a result, areas of the
tubes can be overheated. Coke spalling can be
difficult to detect by the methods currently used,
which are typically either visual inspection or by
measuring coil pressure drop. [0011] Accordingly, it
would be desirable to have a method for decoking an
ethylene furnace that allowed improved control to
reduce the time for the decoking process and to avoid
or reduce damage to radiant coils.Summary of the
Invention [0012] The present invention is a method for
controlling the decoking process using changes in the
coil outlet temperature (COT). Steam and air flows to
the radiant coils in the furnace are controlled to
maintain the COT at predetermined levels. The steam
and air flows and COTs are maintained at the
predetermined levels for sufficient time to allow coke
on the radiant tubes to be burned. By monitoring the
average and individual coil COTs, as well as the steam
and air flow rates, a more efficient controlled burn
of the coke can be achieved. The air flow, steam flow
and coil temperatures are controlled until CO2 levels
in the effluent gas from the radiant coils is below
0.1% by volume or the lower limit of detection of the
analyzer or other analysis method. [0013] Among the
advantages of the methods of the present invention are
a more rapid decoking process and improved control of
the decoking process to avoid or reduce radiant coil
damage. Other advantages of the method will be
apparent to those skilled in the art based upon the
description of preferred embodiments described below. 



Brief Description of the Figures Fig. 1 shows a
schematic of a typical ethylene cracking plant.
Detailed Description of Preferred Embodiments [0014]
The present invention is directed to a method for
decoking an ethylene cracking furnace. The method
generally involves introduction of air and steam to
the radiant coils in the furnace, and heating the
coils while monitoring the coil outlet temperature
(COT) of the coils inthe furnace. Using changes in the
COTs for the radiant coils to control the decoking
process improves the control of the process, thereby
reducing decoking times and reducing or eliminating
damage to the coils in the furnace. The following
description of the process may be used in any ethylene
cracking furnace. Specific flow and temperature
parameters will be determined by plant operators for a
particular furnace based upon operating experience,
ran lengths, feedstock characteristics, severity of
the operation of the plant, and other variables.
Typical parameters for decoking an ethylene furnace
are provided in Examples 1 and 2 below. [0015]
Generally, the method of the present invention
comprises providing steam to the radiant coils in the
ethylene furnace and heating the radiant coils using
the furnace burners to achieve a predetermined average
COT. The fuel flow to the furnace and the air damper
position are then fixed using a heat input controller
to maintain the average COT at the predetermined
temperature. [0016] Holding the burner firing rate
constant and steam flow rate constant, decoking air
flow is then provided to the radiant coils. Decoking
air is added to each coil while observing the 



COT for each coil. The decoking air rate is adjusted
to achieve a predetermined increase in the COT of one
or more coils. The increase in COT that is observed
when air flow begins is a result of the start of coke
burning in the coils, as the steam flow and burner
firing are held constant. [0017] The temperature of
the radiant coil is maintained at the predetermined
temperature for a period of time, typically about one
hour. The air flow rate is adjusted as needed to
maintain the coil at the predetermined COT while
maintaining the steam flow rate and burner firing rate
constant.[0018] The air flow rate to the radiant coils
is again increased and air flow rate is adjusted to
achieve a predetermined higher COT in the radiant
coil. The COT of the radiant coil is maintained at
approximately the predetermined COT for a
predetermined period of time. [0019] The airflow rate
required to achieve the higher predetermined COT in
the hottest coil is then compared to a calculated
theoretical minimum as described above to determine if
spalled coke is present in the tubes. If spalled coke
is detected, the furnace is maintained at the then
current COT by holding or increasing air flow rate.
Once the air flow rate reaches about 300% of the
theoretical minimum, the next step is begun. As
described in Example 1 below, the steam and air flow
rate are then used to calculate the heat released by
burning coke and the amount of coke burning per unit
time. The coke burning rate is then compared to the
air rate to determine the relationship between the
actual air rate and the stoichiometric minimum
required to burn coke at that rate. [0020] The COT
controller is then placed in cascade with the heat
duty controller. The 



air is then ramped at a predetermined rate adjusting
the steam flow as required to maintain a velocity of
less than 150 m/sec at all points in the coils of the
furnace. The air flow rate and the steam flow rate are
then each adjusted to reach a predetermined target and
maintained until decoking is complete. [0021] As
described in the detailed description of preferred
embodiments set forth below, process times, velocities
and COT increases are provided for an exemplary
embodiment of the method of the invention. Those
skilled in the art will recognize that the description
of preferred embodiments described herein and the
temperature changes provided reflect approximate
values for similar furnaces and operating plants. In
actual practice, operators may have to vary the
flowrates, temperatures or times to reflect the
effects of various operating parameters, such as, for
example, extended run length, special feedstock
characteristics, severity of the operation, or process
upsets which may have occurred. One skilled in the art
can use the teachings set forth herein to adjust the
values of the specific parameters set forth herein as
necessary to achieve the desired result using COTs to
monitor the progress of the decoking process. [0022]
Preferably, the methods described herein are performed
manually by an operator to enable the operator to
assess the initial coke burning during air
introduction, during which monitoring and
number/frequency of furnace adjustments are most
critical. Moreover, although the method is intended to
guard against and prevent overly rapid coke burn, it
is generally desirable for operators to visually
inspect the coils (pyrometer) from time to time during
the process to detect any hot spots. However, the
invention is not limited in this regard, and if 



desired, the method can be performed using an
automatic sequence controller. [0023] Also note that
the process typically calls for use of the fuel heat
duty controller in cascade with the COT controller
during some of the steps to control firing based upon
the COT. Other control methods can be used to control
COT and/or to control firing as is known in the art.
[0024] The detailed description provided below
describes the process as performed in a typical
ethylene furnace. Those skilled in the art will
understand that the method as described herein can be
modified as necessary to be performed in ethylene
furnaces having various designs. EXAMPLE 1 [0025] Step
1. When the furnace is ready for decoking, the fuel
heat duty controller is cascaded to the average COT
controller. Dilution steam flow is provided to the
furnace at a ratesuch that the flow velocity in the
tube is 100 to 125 m/sec. The average COT set point
should be ramped to about 40C to 6O0C below the final
decoking temperature. The fuel firing rate is adjusted
by the COT controller as necessary to maintain the COT
at the desired set point. The steam flow and average
COT temperature are preferably maintained as described
above for about one hour. [0026] Step 2. The fuel
firing control is placed in heat duty control (i.e.
QIC) by breaking the fuel heat duty controller cascade
to the average COT controller. The fired heat duty is
maintained constant. The steam flow rate is maintained
at the same level as used in Step 1. Decoking air is
added while observing the COTs for each coil. If the
air flow rate is too low to 



obtain a reading from the flow meter, the decoking air
valve positions must be used to control air flow rate.
Accordingly, it is desirable to ensure that the air
control valves are calibrated before each decoking
procedure. The decoking air flow rate should be
adjusted to raise the COT by about 10 to 30C,
preferably about 2O0C, in the coil within about 30
minutes. The increase in COT that occurs during this
step is due to the start of coke burning in the coils.
If the maximum air flow rate (600% of the
stoichiometric minimum flow rate determined as
described below) is reached before the coil COT
increases by about 200C, then proceed immediately to
step 4. [0027] After the target COT is achieved in the
coil, adjust (i.e. maintain, lower, or increase) the
air flow rate as needed to maintain about 8500C COT in
the coil for about one (1) hour while holding the fuel
firing and decoking steam flow rates constant. [0028]
Step 3. Increase the decoking air flow rate equally to
each coil (again by valve position if necessary) until
the COT increases by about 200C. The air flow rate
should be ramped up such that the target COT is
reached within about 30 minutes. This COT is the
finaldecoking COT and will be maintained for the
remainder of the procedure unless limitations are
reached on tube metallurgy in the convection or
radiant section. The stoichiometric minimum air flow
rate required to raise the COT by 200C is then
calculated as is known in the art. The minimum air
rate is then compared to the actual air rate. If the
air rate is less than 300% of the stoichiometric
minimum, the furnace is maintained at the current COT
until the air reaches 300% of the minimum. If at any
time during the one hour period the maximum air flow
rate reaches about 600% of the stoichiometric minimum
and the COTs start to drop, proceed immediately to 



step 4. [0029] Step 4. At this point the decoking can
be finished using well established and know methods
such as ramping the air and steam rates to reach the
final target values and holding until decoking is
complete. The ramping steps may be based on time
intervals or set based on the results of CO2 analysis
of the effluent as known to those skilled in the art.
EXAMPLE 2 [0030] An exemplary detailed decoking
procedure for a particular four coil furnace is
provided in the attached Process Description and
summarized in Table 1. [0031] It should be understood
that the exemplary processes described above are not
intended to limit the invention in any way and are
provided only to describe specific embodiments of the
method of the invention. While specific embodiments of
the present invention have been described above, one
skilled in the art will recognize that numerous
variations or changes may be made to the process
described above without departing from the scope of
the invention as recited in the appended claims.Table
1 -ftWe claim: 1. A method for decoking the radiant
coils in an ethylene furnace comprising the steps of:
(a) providing a flow of steam and firing burners in
the furnace to heat the radiant coils to achieve a
predetermined average coil outlet temperature; 



(b) while maintaining the steam flow rate and furnace
burner firing rate constant, providing air flow to the
radiant coils and adjusting the flow rate of the air
to achieve a first predetermined change in the coil
outlet temperature in the radiant coils; and (c) while
maintaining the steam flow rate and furnace burner
firing rate constant, providing air flow to the
radiant coils and adjusting the flow rate of the air
to achieve a second predetermined change in the coil
outlet temperature in the radiant coils to a decoking
temperature. 2. The method of claim 1, further
comprising the steps of: (d) determining the
stoichiometric minimum quantity of air required to
raise the coil outlet temperature by the second
predetermined change in the coil outlet temperature;
and (e) comparing the stoichiometric minimum quantity
of air required to raise the coil outlet temperature
by the second predetermined change in the coil outlet
temperature to the actual air flow rate to determine
the rate of coke burning. 3. The method of claim 1,
wherein the predetermined average coil outlet
temperature is about 8300C, the first predetermined
change in the coil outlet temperature is about 200C
and 10the second predetermined change in the coil
outlet temperature is about 200C such that the final
decoking temperature is about 87O0C. 4. The method of
claim 2, further comprising the step of: 



(g) after determining the coke burning rate, adjusting
further the air flow to the coils and the burner
firing rate to adjust coke burning rate. 5. The method
of claim 1, wherein the steam flow rate is maintained
at a rate such that the combined flow velocity of the
steam and air in the radiant coils is between about 75
and 175 m/sec. 6. The method of claim 1, further
comprising the steps after step (c) of: (i) comparing
the actual air flow rate to achieve the predetermined
change in the coil outlet temperature in the coils to
a calculated theoretical minimum to determine if
spalled coke is present in the coils; and (ii) if
spalled coke is determined to be present, adjusting
the air flow to maintain the coil outlet temperature
in the coil until the actual air flow rate reaches
between about 200% to 400% of the theoretical minimum
before starting the steam and air ramps. 7. The method
of claim 1, wherein the predetermined average coil
outlet temperature of step (a) is maintained for a
period of about one hour. 118. A method for decoking
the radiant coils in an ethylene furnace comprising
the steps of: (a) providing a flow of steam and firing
burners in the furnace to heat the radiant coils to
achieve a predetermined average coil outlet
temperature and maintaining the radiant coils at the
predetermined average coil outlet temperature for a
predetermined period of 



time; (b) while maintaining the steam flow rate and
furnace burner firing rate constant, providing air
flow to the radiant coils and adjusting the flow rate
of the air to achieve a first predetermined change in
the coil outlet temperature in the radiant coils; (c)
maintaining the radiant coils at the coil outlet
temperature achieved in step (b) for a predetermined
period of time; and (d) while maintaining the steam
flow rate and furnace burner firing rate constant,
adjusting the air flow rate until the coil outlet
temperature in the radiant coils to achieve a second
predetermined change in the coil outlet temperature in
the radiant coils to a decoking temperature, such that
the decoking temperature is about 20C to 80C above the
average coil outlet temperature in the radiant coils
achieved in step (a). 9. The method of claim 8,
wherein the initial predetermined average coil outlet
temperature in step (a) is about 8300C, the coil
outlet temperature after step (b) is about 8500C and
the decoking temperature is about 870 0C. 10. The
method of claim 8, further comprising the steps of:
12(e) after completing step (d) and achieving the
decoking temperature, comparing the stoichiometric
minimum quantity of air required to raise the coil
outlet temperature to the decoking temperature with
the actual required air rate to determine the coke
burning rate; and 



(f) after determining the coke burning rate, adjusting
further the air flow to the coils and the burner
firing rate to adjust coke burning rate. 11. The
method of claim 8, wherein the steam flow rate is
maintained at a rate such that the combined flow
velocity of steam and air in the radiant coils is
between about 75 and 175 m/sec. 12. The method of
claim 8, further comprising the steps after step (d)
of: (i) comparing the actual air flow rate to achieve
the predetermined coil outlet temperature in the coil
to a calculated theoretical minimum to determine if
spalled coke is present in the coils; and (ii) if
spalled coke is determined to be present, adjusting
the air flow to maintain the coil outlet temperature
in the coil until the air flow rate reaches 200% to
400% of the theoretical minimum before starting the
steam and air ramps. 13. The method of claim 8,
wherein the predetermined average coil temperature of
step (a) is maintained for a period of about one hour.
1314. A method for decoking the radiant coils in an
ethylene furnace comprising the steps of: (a)
providing a flow of steam and firing burners in the
furnace to heat the radiant coils to achieve an
average coil outlet temperature of about 830C and
maintaining the radiant coils at the average coil
temperature of about 8300C for about one hour; 



(b) while maintaining the steam flow rate and furnace
burner firing rate constant, providing air flow to the
radiant coils and adjusting the flow rate of the air
to achieve a coil outlet temperature in the radiant
coil of about 850C; (c) maintaining the coil outlet
temperature in the radiant coil at about 8500C for a
period of about one hour; (d) while maintaining the
steam flow rate and furnace burner firing rate
constant, adjusting the air flow rate until the coil
outlet temperature in the radiant coil increases to
about 8700C; (e) determining the stoichiometric
minimum quantity of air required to raise the coil
outlet temperature to 870 0C and comparing this rate
to the actual air flow rate to determine if spalled
coke is present; and, (f) using this comparison to
further adjust the air rate and burner firing rate. 14


