ETHYLENE FURNACE RADI ANT CO L DECOKI NG METHOD Thi s

application clains the benefit under 35 U.S.C. 119 of
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Backsground 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°C depending on the feedstock.
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[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 beginning
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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.
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[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.

Petailed 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 in
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schematic of a typical ethylene cracking plant.
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[0016] Holding the bumer 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

bumer firing rate constant.
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[0020] The COT controller is then placed in cascade with the heat duty controller. The

Xﬁglp?ﬁ 1 below, 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 flow
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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 rate
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air flowrate is too lowto
each decoking procedure. The decoking air flow rate should be adjusted to raise the COT by
about 10 to 30°C, preferably about 20°C, 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 20°C, 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 850°C 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 20°C. The air flow rate should be

ramped up such that the target COT is reached within about 30 minutes. This COT is the final



obtain a reading fromthe flow neter, the decoking air
val ve positions nust be used to control air flow rate.
waecwonstioayl y, it is desirable to ensure that tPEI/a52008/062906

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,
decokinB(CHEhRPWYI BORMINtAELGor tHe ERginA df tid ﬁﬁhéﬁal?@&ﬂgssqgnitations are

COrl th ur this

m nutes. The increase in that occurs I ng [

renchedSh Sl el 0 USR8 R AUER TR AR i i
stoichionetric mninumflow rate determ ned as

flow ratg sRQuTEY RS By Of 3 BB BB EFlGH Bice e Iigianvngfhe art. The

.. increases by about 200C, then proceed inmediately to

minimugy @prag is tppxpmpasedde therastuah pig sate. bthe air sathisdess dhanrB Q0fkeof the
coil, adjust (i.e. maintain, |ower, or increase) the

stoichiogietrid thowmnat thedsrmaeedachinteinedanthacarah@OT 8mIdke §eaches 300%
the coil for about one (1) hour while holding the fue

of the nfihifuR) BRfaa6AK HihSthednt hbaWeriad 8 Ba0shaMir 160 928keaches
Step 3. Increase the decoking air flowrate equally to

i [ :
o GRREDE GRS AGRLE iR SR PB5 0 Pt PSR ikl o
shoul d be ranped up such that the target COT is
reached within about 30 mnutes. This COT is the
final decoking COT and will be maintained for the

remai nder qf the procedure unless lLimtations are.

[0029] | eac h@iap—é’n %tt HB%p?fgf 'E‘F I%E‘foé(ﬂpg Gndgdinidhed wsipg Wflcﬁ“ablmhed and
radi ant section. The stoichionmetric mnimumair flow

know methpds sush @ Faseping thegirsmdistramaales kg readintheifinat tagget values and
calculated as is known in the art. The m ninmumair

holding patilalecskitf esrcoopigarBae rmpingateps taglbediased @t tme Irftert/hie or set
air rate is less than 300% of the stoichionetric

based orMihBiréBuls of 0O, kIHAE S the effRicht Al MBHnab tHARE sIGHE Bithe GPT
until the air reaches 300% of the mninmum If at any
time during the one hour period the maximnumair flow
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[0030] An exemplary detailed decoking procedure for a particular four coil furnace is

step 4.

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.
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(b) while maintaining the steamflow rate and furnace
burner firing rate constant, providing air flowto the
WO aesasmo3zoi | s and adjusting the flow rate of PEEUS2008/062906
to achieve a first predeterm ned change in the coi
outlet tenperature in the radiant coils; and (c) while
mai ntai ning the steamflow rate and furnace burner
We claifgk F1 Ng rate constant, providing air flowto the
radi ant coils and adjusting the flowrate of the air
t.o achinestleodafos dewhthgpheteiant pditsad ag lketoytpae ifurnadeecopgirising the
outlet tenperature in the radiant coils to a decoking
steps off enperature. 2. The nethod of claim1, further
conprising the steps of: (d) determ ning the
stol C(Q% OMESbYiQinE YW BT L@ bhd iR bnkrsiB WY fuffhct B heat the
raise the coil outlet tenperature by the second
. redet ernj_ne hange Jn _the coil tl et tenperature;
radiant SRREATR RN QelsE PRt st quant | Ly
of air requj.red to.raise the coil outlet tenperature
by t HE) s s HRaHERS Hher sl et e ppd fiseace dumes fppg ate
tenperature to the actual air flowrate to determ ne
constanty pEvidipgaipflowdk hepadianimgils 3nd Fhestinstthe dowfratglogihe air to achieve a
wherein the predeterm ned average coil outlet
first predeerpenat cdregd & thdonit 08RO GG perdrerefin tintraginstdellsramdned
change in the coil outlet tenperature is about 200C
and 1@} he wigkonsinpigaetRstaRebow Rap gl futndcB®ubRt Firing rate
outl et tenperature is about 200C such that the fina%

constantgﬁx%,giﬂilgai% ABRES AlcUhGiahScoROHA ﬁ@Z@g thé po@n?gte e tHaog Bfachieve a
claim?Z, further conprisingt st&p of:
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

1s about 830°C, the first predetermined change in the coil outlet temperature is about 20°C and

10



(g) after determ ning the coke burning rate, adjusting
further the air flowto the coils and the burner

wo poosngrosat e t o adj ust coke burning rate. 5. TPET/D81008062906
of claim1, wherein the steamflow rate i s maintained
at a rate such that the conbined flow velocity of the
steamand air in the radiant coils is between about 75

the secoBd BreliéRrine € Sharfe i e BRLNAG t%p&hﬁkéns %bo&tlﬁ'Ot’@ &lich that the final
conprising the Steps after step ( (1) conparing

damkm%ﬁ&wﬁﬁkgéh§%&ﬁu%b@%%rate to achleve the predet erm ned

Coi utlet tenperature in the coils to
a calculated theoretical mnimumto determne if
spal l ed coke is present in the coils; and (ii) if
spal l ed coke is determ ned to be present, adjusting
4.he aihe method ebelpal Atfarthercompeising tasteret: t enper at ur e
in the coil until the actual air flow rate reaches
bet wegh abdigt d&68ming tHOOKedurtihgrdtd)adjusting Alrthet the midflow to
before starting the steamand air ranps. 7. The nethod

the coilstindGh@buthdr firMyeiaki 1B alifiet ke deh@idiaped average coi l
outl et tenperature of step (a) is maintained for a

peri od of about one hour. 118. A nethod for decoking
the radi ant coils in an ethylene furnace conprising
ovi di.ng a_fl ow of steam
or o ner Emifodef dHiphL Ui %fe%ﬁ%aﬁeasntw Bt g such
i.eve_a predeterm ned average coil_ outl

that the %ﬂ%@?daﬂw &relontly rathasicam g A8 thedadignt Cailgiy betypen fpout 75 and

predeterm ned average coil outlet tenperature for a
175 m/sgsx. edet er mi ned peri od of

6. The method of claim 1, further comprising the steps after step (c) of:

) 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

(1)  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) 1s maintained for a period of about one hour.

11



time;, (b) while maintaining the steamflow rate and
furnace burner firing rate constant, providing air
WO b@s/187931 he radi ant coils and adj usting the fPOIWURZNE062906
of the air to achieve a first predeterm ned change in
the coil outlet tenperature in the radiant coils; (c)
mai ntai ning the radiant coils at the coil outlet
enpe ' [ 0)infar j ;
o] o < e S, Tl fing e
dlowrate and furnace burner firing rate constant,
adjusting the air flowrate until the coil outlet

tenperature in.the_ radiant coils to achieve a second
pr edefer i mewga%%%w PRSEHB 260 fifing QEE it é}PF‘pfg’f’é?FE fehgapthe
. the radiant coils to a decoking tenperature, such that

radiant ¢ails tejadduRicrigpredsaipariaad averags ceiboutiet 20uparatugOmdahavieiningthe

average coil outlet tenperature in the radiant coils
radiant @chiatthe ghrédetesmered @agragOcoilltelenehipechta fol @apmi&ermined period of

wherein the initial predeterm ned average coil outl et
time; tenperature in step (a) is about 8300C, the coi

outl et tenperature after step (b) is about 8500C and

t he oki NEL ' :

nmet hg(gyof o E'lalél r?ngg%l?hg t{}ﬁeS I§(::Saf:ﬁf)l}r?r%}rJ|Trast|§ %“8‘1 ghgéa s?’ gﬁ%p %}p ne rate

st.e evin

12(e),.after, C | eti.n p_(d). and achi he . .
constantyBloS it hF Bof R roiah s Bod iyt BF BPEISH G hetiair o achieve s
m ni mu uantjty of air required . tqg raise the coi
first premwé& @ﬁﬁ%ﬁf léttﬁ? g0l putieh Eenapsraiwienpy thegadiartzaoilee wi t h
the actual required air rate to determ ne the coke
bur ni (nb r an@ntagnigg the radiant coils at the coil outlet temperature achieved in step

steps o

(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 20°C to 80°C 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 830°C, the coil outlet temperature after step (b) is about 850°C

and the decoking temperature is about 870 °C.

10.  The method of claim &, further comprising the steps of:



(f) after determ ning the coke burning rate, adjusting
further the air flowto the coils and the burner
wo poosngrosat e t o adj ust coke burning rate. 11. H¢EUS2008/062906
met hod of claim8, wherein the steamflowrate is
mai ntai ned at a rate such that the conbi ned fl ow
velocity of steamand air in the radiant coils is
bet we abgid, 12 :
cl ai m& , furt ﬁg]?p%gg %tizéi( ga?ltg %ghléﬁg%ybg‘ﬁgg%lggt% e e(zgs:re,
o (1) C ring.the actual .air flow rate to achieve
comparfie B TRAIC AR R RGP b arpuud A% B efERuf)
to a calcul ated t heoret i_%al m ninumtQ deternm ne if
temperalige 1q g deeéang EripredBnvithihg peual gequired ggdateite yletpgmine the coke
~ spalled coke is determ ned to be present, adjusting
burningréfe; aidr flow to maintain the coil outlet tenperature
in the coil until the air flow rate reaches 200% to
@D 0% affer deterrhinéythe talal buming raten ddpfstng fisther thiend fldveto the coils
steam and air ranps. 13. The nethod of claim 8,
and the Bit@ELfiind A& Brafet &KviadnaMes age coil tenperature of
step (a) is naintained for a period of about one hour.
1314. A nmethod for decoking the radiant coils in an
et hyl ene furnace conprising the steps of: (a)
rovigdin I of ,steam and firi,ng burners i.n the
1 nabhe e e af e s it hc s r4n 1PY Rieir Bpwaied % rate such
average coil outlet tenperature of about 830C and
that the pombingd Apwyelasty phstramnané air i thgradipyt caleishybvessiabout 75 and 175
) tenperature of about 8300C for about one hour;
nmy/sec.

12. The method of claim 8, further comprising the steps after step (d) of:

(1) 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

(i)  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 mmimum 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.

13



(b) while maintaining the steamflow rate and furnace
burner firing rate constant, providing air flowto the

WO aesasmo3zoi | s and adjusting the flow rate of PEEUS2008/062906
to achieve a coil outlet tenperature in the radi ant
coil of about 850C, (c) mamintaining the coil outlet
tenperature in the radiant coil at about 8500C for a

peri ol nidth@bRd et 1By Fadidnél ko h a8 efBidie FnRh&9cdnWRising the
steam flow rate and furnace burner firing rate

steps oftOnstant, adjusting the air flowrate until the coil
outlet tenperature in the radiant coil increases to

about, 8700C, (,e) determi.nin e stoichi.onetric
ot 1o R AFgF s Pt e BB binERl Wi fo heat he
. outlet tenperature to 870 OC and conpari nB this rate
radiant gols ¢ achagste, i avgrage £9ihoptich feanpesatetad 2hp HS3PTC aphmpidpining the

coke is present; and, (f) using this conparison to
radiant doyls iahie azeljags ¢oit femparature af ebcam 830G foerbdut ohagourat e. 14

(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 850°C;

(c) maintaining the coil outlet temperature in the radiant coil at about 850°C
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 870°C;

(e) determining the stoichiometric minimum quantity of air required to raise
the coil outlet temperature to 870 °C and comparing this rate to the actual air flow rate to
determine if spalled coke is present; and,

() using this comparison to further adjust the air rate and burner firing rate.
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