WO 2008/137932PCT/US2008/062906 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 e contents of which are hereby
incorporatedbyy #@HEAtE. Field of the Invention 10011The present inventi®FIYERER#8/86280Mmethod for
decoking an ethylene plant fun-lace. 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. Backgr g{‘ﬁ%@l %W@@éﬁﬁ%@ﬁpﬁ%%%@rm@ﬁﬁ%rge quantities,
primarily for use as a chemical building block for other materials. Ethylene emerged as a large volume
intermediate product{rlgJL the 119405 when oil ag}d chemical producing companies began separating

ethylene from refinery Watt8 A58 St proaa NG BRYISHE From Sthiand dbtaihebrom HetfEly byproduct
streams,angd from natu 0031Most ethy Is. produced by thermal cracking of hydrocarbon
with stea .E??iéogr%hggg#%%%fstog]% g%/p?éhﬁe ?/1eﬁi%%cr%lc?k'?ﬁarﬁﬁﬂlét@gtf’soinﬁ@%% HEG T Hydrocarbon
crackin%g §§9{|@é %c%téﬁé@l gged tubular reactors in the radiant section of the furnace. In a convection
section, aﬁg rocarbon Streanm may be preheated by heat exchange with flue gas from the furnace
burners, and further heated using steam to rﬁi the,temperature to incipient cracking temperatures,
typically 500-680C depending on the feedstotk:—WO20087/137932PCT/US2008/062906 1004]After
preheafiggythe feed syieam.entershe fadant seetrnialdte nase n ubes.fefaad o fierein as
ibed and-c

radiant coils. It should be understood that the method descri aimed can be peF%Fr%ed in

ethylengrgrackingfurnasesihaving any-typg of fadiant coils -4 thesadiant seilsthehydracarbon

stream is heated under controlled residence time, temperature and pressure, typically to temperatures

in the rangedsf ahoy iR 3R AR arhast ime-prrigd-Ahe.hydrocarans d.ihe feed.sligam are
cracked into smaller molecules, including ethylene and other olefins. The cracked products are then
separatgddptorthe desiradpmdusts usingvariRusseparationanshamicakiealmani 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 Bét¢heroraski daesstamwell as increasing the coil pressure
drop. Therefore, periodically, a limit is reached and decoking of the furnace coils is required.
1006]Di@88king of etR{ieiasurrmescisitypiddiydecnduseduevshieR @iozdlddysuBesause the decoking
process is generally difficult to monitor, prior decoking procedures are accomplished by ramping air
and stéRfnesuthradirdpacteptamsiensdiudsipisestapocé s erlerse Wingithesedrcedures, it
can be difficult to control the coke bum rate. It is also difficult to detect conditions that require a slower
more cBSERIARRedEAoR & BrEcElIE FarEweH RIRPIRgDE RIS gk csparetnl fthakmmge to the
radiant coils or an undesirably slow decoking, increasing furnace down time and reducing production.
[007]F SR EFHBREY t%aé%ﬁ?so%rrﬁé‘@@ﬂi’%}ﬂgﬂm% rbaBrfdiRierd EorsEriaavErdeEsiAY procedures
utilize low air and steam flow rates and flow ramping rates at the beginning WO

2008/1%%?&&3 i%@?@ﬁ@f@%%% of 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 st%@g}flow ratem@gewe{]%q}spf?é?%vetﬁgg e 1_;[8% @g&ggn gfa#gaeggc%%%%fgo‘%!gg Sq{rg‘gl{gca#;ed fast bua

which can damage the radiant col air is first introduced to Urnace 1o Start the burning

of the GakSsement of atypical 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 furmace
burners, and further heated using steam to raise the temperature to incipient cracking

temperatures, typicaily 500-680°C depending on the feedstock.



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 %@gﬂﬂ%ﬂ%’f"ééess. [9] One effort to address this problem involVé3 e ¢{$d e8¢ uent
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 CO2 analysis cgn be difficult to interpret because it is actually a measure of the

0 et i e S e —

percentage of air tha
decoking js al concern. Coke can Il from coils due to process upsets immediately prior to

decokin%tl:aig}.l]r 30% I8N Semr% farnt }:(S)‘ilzg Oi“ég}rngaftéiﬁg?rﬁﬂor?ﬁ(gt 8?3&’85%%@2%%?‘5@%@@&“, areas of the
lubes can i guaihenied. ole saaling can e dfieul e detet D e methads curen ped. which

are typingljly either vi Inspection or by meas pressure aly, it would be

desirabladniayea MEmAR far dscgiing anelisne umaes el alowedimproved coniolp reduce
the time for the decokin process ana to avold or reduce damage to racflan{ncél S. @ummary of the

nventian-400d 2Riarased sl 5 aTRtbat arcaRtielinasie degoklng piggesRseinanchanaes In

the coil outlet temperature (COT). Steam and air flows to the ra sinth nace are controlled

to maingisydae: QT iAtRredaiermined ieyals I heSleam AR RIS ang LIS AIg Mainiaiped at the

predetermined levels for sufficient time to allow coke on the radiant rubes tobe Burned. By monitoring
the averaugandiipdividual 5otk QTR @@%&L@&&%ﬁ%@@@fk@@&%@%@ mers.gfficient
controlled burn of the coke can be achieved. The air flow, steam flow and coil temperatures are
controlleg:atiatibe O lrvelsintheefiuassgas from the radiant coils is below 0.1% by volume or the
lower limit of detection of the analyzer or other analysis method. 10012ajIn a first aspect, there is
provided a method for decoking the radiant coils in an ethylene furnace comprising the steps of

(a) proViélag a flow of steasnbanchfivicty dafoers:thdhenfyiracedoiheptitssadiahgdils to achieve a
predetermined average coil outlet temperature; (b) while maintaining the steam flow rate and
furnacebbpre@cfiringratbicopktantiprovididepeiittovihwsthéradisithe dilscandthdjlsting tHeolow rate of
the air to achieve a first predetermined change in the coil outlet temperature in the radiant coils; and
(c) whilefridsimdinmgaierstbans iew ratsianenfuirredivionas ofiimocratkios mseants providiing air flow to
the radiant coils and adjusting the flow rate of the air to achieve a second predetermined change in the
coil out@?@ﬂﬁﬁé%?@lf@%%ﬁ?ﬁ-c@h@l’tféogedé@@kﬁﬁ@akém@bwﬁuﬁéﬁmﬁzﬁﬂrﬁ@pgbwﬁ& spect,
there is provided a method for decoking the radiant coils in an ethylene furnace comprising the steps
of: urngcH SR EAIGw of steam and firing burners in the furnace to heat the radiant coils to
achieve 2 predetermined average coil outlet temperature and maintaining the radiant coils at the
predetetnined average cpil outlet,t erature for a predetermjned period,of time; (b) while
maintaei‘ﬁgﬁéélthe stea%eﬁgg\}nr%toe g%gf%%né% Esirllseng#f:ﬁag Yatd Cohs aeﬁﬁr%rzglv?a?%sg c}ain’i}{%ow to the
rodanselnandedissing fedlowais glifief REIRuE A ol pisdeianTer Anae . the coll

1 O IOtor, pri procequresare
outlet temperature In the radiant coi C) maintaining the radian C%I?S at the Coﬁ outlet

tem pe@&%ﬁlﬁﬁ@l@ﬁ' %‘} ﬁlﬁb@f?g@l)r IplaRESAaIRIIR ﬁ%i@ﬁg%%fcg%%b@galues 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, incyeasing furnace down time and reducing production.

[0G7} 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



(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 YE%H88t 28 to 80C above the average coil outlet temperaturd §rEtHE2PaREAY oils
achieved in step (a). 100121In a third aspect, there is provided a method for decoking the radiant coils
in an ethylene furnace comprising the steps of: (a) providing a flow of steam and firing

burners ip the.furnace to heat the radiant cods tp achieve an average coil outlet temperature of about
R R R o R B A B KB 5305 P 560t ome

112 proce
830C an malntalnln% the radiant coi
hour; : ile maintaining, the steam flow rate and furnace byrner firing rate constant,
providintg gfﬁ?é%‘%@%ﬁ?% Fa%l%dc@l s%ﬁguﬁgﬁ%tiﬁa H%ee cﬁg\‘?\?d}rlﬁ?é&o?lfhaél Hai“? 8'ac Oigé’\;%tt%sc%%soutlet
temperalule e BCIAN 504 o ahout 9906 (I MBRIING e COAYEL famBgae n the radiant
coil at about 850C for a perlodoo about one hour; d) while maintainirig the stéam flow rate
and fur@%ﬁﬁgy{ﬁ@{a@qg}g Iate constant, adjusting the air flow rate until the coil outlet temperature in the
radiant coil increases to about 870C; (e) determining the sto chiometric 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 gearmine if syaladGOKEISHTIFRRANEANE the furnace(f) YSIAGHDIT.EOMPsIisERRfuUrther adjust the
air rate and burner firing rate. 10013] Among the advantages of the methods of the present disclosure
are a more-hapid getokingiprocess anddmprovedontealofitha:desioking pregess faravaider reduce
radiant coil damage Other advantages of the method will be apparent to those skilled in the art based
upon thadesoriptiomat qr éfeifduérbbodimentsideseriben-batowo Btiekbesehipiian-ekthe Fiacires
shows a schematic of a typical ethylene cracking plant. Detailed Description of Preferred
Embod#mattslel 001 4358 Hhept dsengmveintiom iscdinatied tedmmetiod fosidedakirtgeartathylene cracking
furnace. The method generally involves introduction of air and steam to the radiant coils in the furnace,
and he#tingcaseandilsimiethasmte fimghhdesoltivatieotesnperature (COT) of the coils in WO
204)8/137932PCT/US2008/062906 the 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 redd&Mg or eIimfﬁ%ﬁiﬁg%ﬁ&ﬁ‘ér?ﬁstﬂ’éséﬁﬂglﬁﬂﬁ%vﬂ%ﬁ%g& usRe FSTOUARLPRBSERISHBN of the process

may be used i y.ethylene cracking furnace. Specific flow and temperature parameters will be
determfﬁ%‘@f}%ﬁ%@ﬁ’é%?g? ?3%8&%?35@%&% HEEEH BHOF P SFAFFY B L0 Mk tiRllengths,

feedstock.characteristigs, severity of the operation of the plant, and other yariables. Typical
paramea(t\t(l-:ftrl}se gr é)%é angge %?1‘18%9%%%%; face %?ré%rt Xt A ERHpIag aélﬁk?lfﬁeé’ito ;
(00151GaReraecneRd kb pigRRRLIySRiion Sumarizes, rovding sieam e s,

percentage of air that is consumed rather than the bumn rate of the coke.

[0010] Coke spailing prior to decoking is also a concern. Coke can spall from coils due
to process upscts 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, 1t 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.

(U]



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, decolcing 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 icrease n 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 tempai8tEi¥E forathedodptiime, typically about one hour. The air
flowrrfé?% aglgated s needed to maintain the coil at the predetermined COT while naintaining the
steam flow rate and buridr fifify Fet i AtaAtingyby Joping PoB2ROTHIS2008/062906 [0018]The air

flow g0, he radiant COII|S Is again increased and air flow rate is adjusted to achieve a predetermined

VRS PRI ARY AOT PR CEs T oPihe RiammEasikis fuaintainecsat appeosimately the

higher COT in'the radian

predetermi %go for a predetermined period of time. [0019]The airflow rate required to achieve the
higher pre eterm?ﬁ%%ﬂé%g Illﬁa%ﬁteaﬁo#&efﬁgﬂa@fﬁ@ﬁt%ﬁﬁwé@@sa Calcslatedathtgreticalsnmgimum as

descripeel aboye 19 determine if spalled coke is present in the rubes. If spalled coke is detected, the
furnace is maintallg’rgl)‘[gglé3 eagt ﬁg%ﬁgﬁ%g%%?%@@ Fﬁléﬂf&@ﬁ%@r@agm@hM’erm@mﬁ&he air flow
rate feacheshout 300% of the theoretical minimum, the next step is begun. As described in Example
1 below, the steam an éil%%uvger%?é“ é}fee M ERETE P ERiidHat e tHE ¥ rslsaded: biysbuening coke and

the amounptafsokeburning per unit fime. Th cokeﬁl%urnin rate is then compared to the air rate to
determine the relationship between téﬁél%% 1lj"él(?li%llr ahg SbRhsHHEYEE- mihinsimilreguired to burn

cokeghihaldates Q020 e G cont is then pl in cascade with the heat duty controller. The
air is then ramped at a p%gﬁzetermined %%%?g§?§§ﬁlt§ @?&85% tioastfosuirass themtheain a velocity

of lessithan-dB0iaWsreal LS| il the furnace. The air flow rate and the steam flow rate
are then each adjusted to %&%Qg rl)lr{ae}g]é?rﬁa%ﬁér\?aogjds faﬁr%%lg 3%g%ﬁ%gﬂﬂ%i%@%ﬁ%%%ﬂﬁhgfcomplete.
[002Agsiteseiy 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

desquiberkerein anekhg.emAREALR CHRRISSRIBY SCeflect approximate values for similar

furnaces and operating plants. In actual practice, operators may have ola\i?ér%?i dtlow rates,
temperafesmerimas &ﬁ%ﬁ%g‘lﬁ@g@ﬁ@&f 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 speciffd parg}:ﬁ&‘g&gf ¥R HETaTh 2R s Buryers BekevermRs s fesult using
COTl%gl@a%}ocrgigrtghg 8}%{&0 ress gftthe dec, king process. 100221Preferably, the methods described
herein are performe 5mm%d§?§? P S BIEHEBPBRBF o assess the initial coke burning

manually by an o
during air mtroductggp, dur qgewhtch ngl%nét&rlnsqeandﬁwnber/freq ency of furnace adjustments are

e Tethod St RaRST5 god fBHE5E HR@edatoverly rapid

most critical. Moreover, alt ouajh

coke. b, It iS-genRea irahle for.eperaters to.visually inspect the coils (pyrometer) from time to
time during fh&?ér prog‘%g}%g%%té%gg%n%ﬁﬁgt% sﬁ%olss. Y ug}%@ﬁgmgqﬁgﬁ it dH s Fegard,

and ﬁgﬁﬁmt%gggtm:ggﬁ Q%gg{fg&gﬁgtgﬁ#ggr%dgu%o&ja;i%seg%gqge aggntroller. 100231Also note

that the process typically calls for use of the fuel heat u}y confrolfer in casedte with the COT

controller during sgime ofheesieRsie-contn! fung, %%?Qafé%%%%% yineE contrgl methods can

be used to control COT and/or to controf firing as is known in the art. %?hénéléctgﬁed description

prowidasthelgwlesadbasibe pracessasPesiarmed R ivRisal sIyene furage. [ Thoge skilled in the

art will understand that the method as described herein cari be modified as necessary to be perfooned

in ethyieme fivaaensineyingn@riouBesIR EXAMBYREL 10R5ISIR L When thefumage is ready for

decoking, the fuel heat duty controller is cascaded to the average COT controller. Dilutiéh steam flow
is ptemigethtaorthe furnace at a rate




WO 2008/137932PCI/US2008/062906 such that the flow velocity in the tube is 100 to 125 misec. The
average COT set point should be ramped to about 40C to 60C 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 ajgdacbne h@@rsémm&%hggqg%g{gm GonLalis @g ego'lg he tﬁdut control (i.e. QIC)

by breaking the fuel heat duty controller cascade to the average controler. Figfred heat duty is
maintainedcotinstait cTe-ate AT OV RIS HS; {Héag%ghgﬁthe same level as used in Step 1, Decoking
air is added while observing the COTs for each coll. 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 tkat therireditedl falves arencalibt sieddiefere-eachdecaking:procedre. The
decolcing air flow rate should be adjusted to raise the COT by about 10 to 30C, preferably about 20C,
in the coil WitAiFraBoIlt BOAtitites PTteCrease it @ Fdliatiokeussguring this Stapis.dugdtethe start
of coke burning in the coils. If the maximum air flow rate (600% of the stoichiometric minimum flow rate
determined 45 e seiibstithe pwjas radetibavbifare e uti GO inareades byrabadirHe: thenprgceed
immediately to step 4. [0027]After the target COT is achieved in the colil, adjust (i.e. maintain, lower, or
increase) t ir flow rate as needed to maintain about 850C 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 eq@%lly tOVEHEHTEON iR Y Verve osition indebessary)until fhe GOF
increases by about 20C. The air flow rate should be ramped up such that the target COT is reached
within abolt 3T NMIRE LRSS E SR daneAdiawes Bous) rarosRR OF 1182008082906 desaking €OT
and will befJJ}]S?inlteaAQted for the remainder of _theu?rocedure unless limitations are reached on tube
metallurgy in tHECORGARt SPTRRTARtEE CRb UG ShRsmERetH diinidmIcaiRsiow rate required to
raise the COT by 20C is té]en calculated as, is knpown in_the art. The minimum air rate is then compared
to the actual air rate. If the air rRE TS THEEHIGT 4080, Cr e Sisiepibrvaieidsmpmmtire sbitueddoesis
maintaine ?tfgg% yﬁra%pctn%%T U”éggﬁ%ﬁgr reaches 300% of the minimum. If at any time during the one
hour period the maximum alrfff%ev rate reache<dbout 600% of the stoichionietric minimum, and the
COTs start to drop, pro?g?d inwgl. i?ﬁ%?(t%?@te 4. ;t0029 Step 4. At this point the decoking can be
finished using well established and know me < 8l O%ﬁ’?ﬁ?ﬁﬁ‘mﬁﬁlﬂ@%@%é@% reach

the final targetval Idi il decoking is ¢ te. The ramping steps may be based on
time intervals or set ﬁ%%:%‘%%f ?%gslﬂ t%%ﬁgg%gﬁg?{/%é 6t tRERFHRIBH BB SRS Semsa sn

the art. EXAMBLAE2-L0R301A exenpl il oking procedure for.a particular four coil
furnace is provideél)gin the attached P?ogéggggg%?%%ﬁw ﬁ“&%’éﬁ“ﬁ%éﬁ Pﬁafgﬁ?)élf.tfbﬁgﬁﬁlgﬂ%uld be

understoogrifatiheL£xemmplanype ' in to limit the invention in
any way anléﬂz?re provided only toﬁiﬁqﬂﬁﬁ%ﬁp&%ﬁ?ﬁ@ft%ﬁg%g o the’ HGentiBH. while
specific emhidirrepisofh phesefinventionhavelgendespribed above, one skilled in the art will
recopize 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. WO
2008/137932PCT/US2008/062906

4a



Ramp air equally to each cot to try to achieve a CDT of 850 C in hottest colt within 30 minutes. Alter at
least one coil is at 850 hold for one hour by controlling air flow, then go to step 3. If max air flow is
reached and COTs start to droo 00 10 sten A. Ramp air equally to each coil to try to achieve a COT of
875 C In hottest coil within 30 minutes. Alter at least one coil is at 875 C hold for one hour by

controlinggeiviay. If BilemceisiRaatkalid HoNs s Less AR5 MUBIBYE onL sk fer continua to

hold for ancikci hoof before going to step 4 - otherwise go directly to step™ ones the |n|tl|1asl 1 hour hold.

If max air fipwnlsaashed alR8Y. s ang GO TeRiHt to drop proceed to step 4. .(sun trwe.ssne
soans4 es.s silence encloses LOU acetone les ", IAVG COT SETPOINT SHOULD BE SET TO 8700

AND IF NECESSARY ADJUSTED TO ENSURE THAT 1865 C < HOTTEST COIL < 8350 lithe air tow
is already at 317 kg/ft (ctil) flowrskigitg stép+6 .o simmrainatBd:k\Mneat cothmi34% ke Mol air in
reach/el IF NECESSARY AVG COT SETPUNT SHOULD BE ADJUSTED TO ENSURE THAT 88% C
< HOTTESHRDIE0g850 Sinfitsronrstgrampatéamedawnatrd 28 dgfh (o) @add ampainug 92
Rah (coin until both flows are at 1500 kcal tooth IF NECESSARY AVG COT SETPOINT SHOULD BE
ADJUSTEBH S ERSURBCTHATBERIC X HOTTEST S0l 838850 ddelbairandisteam rate until CO2
decreases to 0.181, Raise average COT Repaint by 100. 11 002 Increases to 0,3 % or greater, hold at
880 C until CO2 decrea&®s to W1 MR asdnsemerBasevr invidases thlessitiiam9:3%, then
decoking is finished, It any COT gets above 890 C then AVG COT SETPOINT SHOULD BE

T

ADJUSTES S ENEURERT AT < Bt BT agf Adesing the flow rate of the air to achieve a

coll outiet temperature in the radiant coil of about §30°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 steamn 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 o the actual air flow rate to
determine if spalled coke is present; and,

(D) using this comparison to further adjust the air rate and bumner firing rate,

4b



1 Controller Status Fuel/COT cascade Fuel heat duty automatic f no cascade to COT -50 .V, ts.
Fuel/COT cascade Fuel/COT cascadel six:Owes wapeng Fuel/CDT cascade Fuel/COT cascade
1FuefrCOT cascade s flow rate per colt 11/63 10101 0008 LIEZ wnwuvw n

[0613] Among the advantages of the methods of the present disclosure 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 o those skilled in the art based upon

the description of preferred embodiments described beiow.

Brief Description of the Fisures

Fig. 1 shows 2 schemaric of & 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 stearn to the radiant coils in the

fumace, and heating the coils while monitoring the coil outlet temperature {COT) of the coils in
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the furnace. Using changes in the COTs for the radiant coils to control the decoking process
umproves 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, run 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 bumer 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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[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.

[6019] The airllow 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

1o bum coke at that rate.

[60626] The COT controlier is then placed in cascade with the heat duty controiler. The
air 18 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 1s 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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rates, 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

destred result using COTs to monitor the progress of the decoking process.

[6022] 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.

[6023] 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.

16024] 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 farnaces having various

designs.
EXAMPLE ]
[0025] Step 1. When the furnace is ready for decoking, the fuel heat duty controller is

cascaded 1o the average COT controller. Dilution steam flow is provided to the furnace at a rate
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such that the flow velocity in the tube is 100 to 125 m/sec. The average COT set point should be
ramped to about 40°C to 60°C 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.

[6026] 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 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.

{00627} 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 8506°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 equaily 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
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decoking 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 20°C 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 CO; analysis of the effluent as known to those skilled in the art.

EXAMPLE2

[0630] An exemplary detailed decoking procedure for a particular four coil furnace is

provided in the attached Process Description and summarized in Table 1.

10031} 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 skiiled 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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We claim:
1. A method for decoking the radiant coils in an ethylene furnace comprising the
steps of:

(a) providing a flow of sieam and firing burners in the firnace 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 2
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) determuning the stoichiometric minimum quantity of air required to raise
the coll outlet temperature by the second predetermined change in the coil outlet temperature;

and
(e) comparing the stoichiometric minimum quantity of air requizred to raise the
coil outlet temperature by the second predetermined change in the coil outlet temperature io 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 830°C, the first predetermined change in the coil outlet temperature is about 20°C and

10
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radiant coils in an ethylene furnace comprising the steps of: (a)providing a flow of steam and firing
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the second predetermined change in the coil cutlet temperature 1s abowt 20°C such that the final

decoking temperature is about 870°C.

4. The method of claim 2, further comprisin g the step of
(g) after determining the coke burning rate, adjusting further the air flow 1o

the coils and the bumer firing rate to adjust coke burning rate.

5, The method of claim 1, wherein the steam flow rate 18 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/szec.

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

(1) comparing the actual air flow rate to achieve the predetermined change in
the coil outlet temperature in the coils to a caloulated theoretical minimum to determine if
spalled coke is present in the coils; and

iy  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 methoed of claim 1, wherein the predetermined average coil outlet temperature

of step (a) is maintained for a period of ahout one hour,

T



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 theytiowoeaierefthe air to achieve a first predetermined change inghe gl @skigidgmperature
in theradiant 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 colil outlet temperature in the radiant coils to a decoking temperature.
2.The methodSof claifrieturthfr denpiigingethelaiepsof itd)d etarminifgthe-sioishirigligminimum
guantity of air required to raise the coil outlet temperature by the second predetermined change in the
coil outiettepiperature; 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 td@determie dive mafe of doketumingri 3¢ Tthermethat ofuctaira b, whenein the
predetermined average coil outlet temperature is about 830C, the first predetermined change in the
coil oufititshfseraturslis abe pr 2FCENd cNMO2088/13 7O82PETAIS 200 8/06A906: the sdeond
predetelmined change in the coil outlet temperature is about 20C such that the final decoking
temperaflifgtisalsstisrpedeterminerhay st o6 ot wiainen durtirerfeomprsingthecsteprofd (g)after
determining the coke burning rate, adjusting further the air flow to the coils and the burner firing rate to
adjust Bk burning rate. 5. The method of claim 1, wherein the steam flow ate 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. The Methoti BFcTRiH P RRiHRF Eambisitigaeatefsanepurey (oyutrate (i)
comparin%tthe agtuﬁjﬁér flow rate to achjeve the predetermined chance in the coil outlet temperature in
the coilS'To A calcUStEd fhebrticaihiriirh s sandratnetingsandeesre if shesencindkie cails; and
(i) if s%}ll{edrg %ﬁ? is.de eﬁmined t(% be giesgi%}, adjusting the air flow to maintain the coil outlet
temperatura in the Lo LAt e SR 4lr P LB P SRS ATL B3 200% to 400% of the

theoretical minimum hefore satl?rtirﬁnthﬁlggeggn?gggigtrt mps.17.T{ e method of claim 1, wherein the
predetermined average ¢ oﬁlouﬁaejt e%p 1¢ coll outlet temperature achieved in step

eraature
(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 2 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 (z) is about 830°C, the coil outlet temperature after step (b) is about §50°C

and the decoking temperature is about 870 °C.

10.  The method of claim 8, further comprising the steps of:



of step (a) is maintained for a period of about one hour. WO 20081137932PCT/US2008/062906 8.A
method for decoking the radiant coils in an ethylene furnace comprising the steps of: (@)
providing a flawahgteasmand firing burners in the furnace to heat the radiap&g&iilbsza 3%%95% ea
predetermined average coil outlet temperature and maintaining the radiant colls 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 ate®f theagit-tcoagiliawe adifstprdaiarainedcbanasin.the ool quilet temperature in
the radiant coils; (c) maintaining the radiant coils at the coil outlet temperature achieved in
step (byfonzupredetetminethperiothofitime; @ad:iry of air rkd)while;madataining the;steam flow rate and
furnace burner firing rate constant, adjusting the air flow rate until the coil outlet temperature in the
radianticvifstatactiele desekong predetermingd hbangelinthercoihouilet temperatire inthe radiant
coils to a decoking temperature, such that the decoking temperature is about 20C to 80C above the
averagBlesinsuiet terhperature 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 830C, the coll
outlet temperéfure afiéersteisbisabiout@s00 aing the detoking teriperatse b 370:G. 10.
The method of claim 8, further comprising the steps of: (e)after completing step (d) and achieving the
decokiABCtER SEFREL RS Ffsaiirslie swsichionTerratminimum 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 detennining the coke burning rate, adjusting further the air flow to the coils
and the burner firing rate to adjust coke buo rate 11. The method of claim 8, wherein the steam
flow rate is mé?ntair?éh%%ﬁffeﬁé&é%ffh%t%fé%mﬁé%ﬁ%ﬂpwmﬁy ohsteamdaic aidnsthe radiant
coils ile%t\g/een abboué %5 and 175 misec. 12. The method of claim 8, further comprising the steps
after stép (4 SPmomed flow velgrily-of e e Bckal HiFfnowdiare 1o kdhiesie thie heeistErmihst coil outlet
tempera ure in the coil to a calculated theoretical minimum to determine if spalled coke is present in
the coﬁrsl,; 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 coll eratur St is maintained for a perjod of abgut one hour,
g femperafy r%fg{mde & @2:1111 g]?’ur%ﬁer comprxszgg t}le steps afier siep (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 spalied coke is

present in the coils; and
(i)  ifspalled 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 460% of

the theoretical minimum before starting the steam and air ramps.

13. The method of claim 8, wherein the predetermined average coll temperature of

step (a) is maintained for a period of about one hour.,



WO 2008/137932PCT/US2008/062906 14.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 rgghipniseaitsdn achieve an average coil outlet temperature of ab% tT §3OC and maintaining
the radiant coils at the average coil temperature of about 830C for about one _0%%;@93/ %zgﬂﬁ(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 colil outlet temperature in the radiant coil of

about 850C; 14.  Acheiaifthiniegdhiecditoutiehtemperatreinihe meiant 8&%@%&?&&#@5% fora
period of about one hour; (d) while maintaining the steam flow rate and furnacg burner firing

rate coristaheiadjusting the air flow rate until the coil outlet temperature in the radiant coil increases to
about 870C; (e) determining the stoichiometric minimum quantity of air required to raise the

coil outlet temperaturéto 870<Ciding edmparingsthisarate: th theiaciuakairflow rate je detgrmine if
spalled coke is present; and, (f) using this comparison to further adjust the air rate and burner
firing ratediant coils to achieve an average coil outlet temperature of about 830°C and maintaining the
radiant coils at the average coil temperature of about 830°C 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 850°C;
(c} maintaining the coil outlet temperature in the radiant coil at about 850°C
for a peniod 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 spalied coke is present; and,

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