TURNDOWN THERMOCOVPRESSOR DESI GN FOR CONTI NUOUS CATALYST RECOVERY FI ELD OF
THE | NVENTI ON [ 0001] The systens and processes disclosed herein relate to

t he regermoanionesss spent catalyst in the art of catal yPCe/usermwse3rdpn of
hydr ocarbons to useful hydrocarbon products, and nore particularly to

t hernoconpressors utilized in a continuous catal yst regeneration (CCR)
process. DESCRI PTI ON OF RELATED ART [0002] The catal ysts used in catalytic
processes for the convalTRNDOWNIHHERMDTOMPRESSOR DESEGNNe deactivated for

one or nore reasons. | nFORSteRIENUWES € AT BSTRBGAVERY of coke deposits
causes the deactivation, regenerating of the catalyst to renove coke
deposits can restore the activity of the catalyst. Coke is normally renoved
fromcatal yst by contact of the coke-containing catalyst at high
tenmperature with an oxygen-coﬁﬂELﬁﬂﬁ@Tbﬁéﬂf%ﬁﬁgﬁﬁﬁst and renove the coke in
a regeneration process. These processes can be carried out in-situ, or the

cat al5y st (jﬁmﬁéﬁg '?lr%{a%\é%%sfa'h @Cegs%g(a}sgfos-dqhe%k?gatteq .tﬁylg%&%%tgg;&f g}g%eer sion

t akes pl ace portedfo a Separate régeneration zone

removal . cMalyisoumshéit angeaent sodversi@ositHydudoys aF ussitihgaivtambuo psidycts enovi ng
catal yst particles froma reaction zone and for cqoke renoval in a .

r egener afNOMOFOPUIAHYRY BBAREPEINGERS LHBETR asorBnIs CrilISUS et diPst
regenera&t@P)PﬁQQQUB provi de a thernoconpressor to facilitate continued
operation o e continuous catal yst regeneration processes during brief
peri ods of operation under |ow coke conditions. One systemutilizing a

t her roconpressor i s descri b®ESGRIPTENE I BELAATPCARAPpl i cati on No.

PCT/ US2006/ 062647, the content of which is hereby incorporated by reference

in i entirety. t her nroconpresspr. can cireulate air.fr t.he outl et .of
the 55 CRMMBE Y BT R g era b dereg S Sorbhis S b iRg B8 Bl
provi de @ P&lonRiREOvaRld f6PFRUST heR r8dsond. OlntiQake®Whegt tBO A€umlitgion of coke

t her noconpressor can utilize conbustion air as the notive air, and

di f fi cul dreasits gaysas Wederitivgtiopaegamputing pf theeaalist rncaane sdeuierpitsdse t he
net quan%sttc}/re %e é:c?l(mﬁ'/' st fhg %aﬁUst.i @olleq\évng%aqucrgﬂg%& ) éMystP ﬁy contact of the
coke-containing catalyst at high temperature with an oxygen-containing gas to combust and

15 remove the coke in a regeneration process. These processes can be carried out in-situ, or the
catalyst may be removed from a reactor in which the hydrocarbon conversion takes place and
transported to a separate regeneration zone for coke removal. Various arrangements for
continuously or semicontinuously removing catalyst particles from a reaction zone and for
coke removal in a regeneration zone have been developed.

20 [0003] Some continuous catalyst regeneration systems provide a thermocompressor to
facilitate continued operation of the continuous catalyst regeneration processes during brief
periods of operation under low coke conditions. One system utilizing a thermocompressor is
described, for example, in PCT Application No. PCT/US2006/062647, the content of which
is hereby incorporated by reference in its entirety. A thermocompressor can circulate air

25 from the outlet of the air heater to mix with combustion air going to the cooling zone and
provide a net amount of combustion air to the cooling zone. The thermocompressor can
utilize combustion air as the motive air, and difficulties in maintaining operation of the
system can occur because the net quantity of combustion air in low coke conditions may be
insufficient to satisfy the minimum flow requirement for the air heater and/or for cooling the

30  catalyst.



insufficient to satisfy the mninumflow requirenent for the air heater
and/or for cooling the catal yst. SUMVARY OF THE | NVENTI ON [ 0004] The systens
and proceseesindiogssosed herein relate to conti nuous cat RCYA1S201042392F at i on,
particularly to such systens and processes that utilize a plurality of

t hernoconpressors to facilitate continuous catal yst regeneration under |ow
coke conditions. [0005] In one aspect, a catalyst regeneration systemis

provi ded that includes a catsSiMMAR¥gERNEHE INVENTI®N, a first
t her noconpressor, a second thernoconpressor in parallel with the first

t her noco essor. and one qor nore valves. The catal yst regeneration tower
i ncl udes'@@m i hler 5icasangprocessss disslosedharain yelate ip GPRLYIONS FUANSt The fir st

{ her MoCORRIASSAEn il RER  shf ShicARUprokRAL al A AGEADAfr mOCOMPI essor

utilizes nitrogen-as a notive vapor. one or nore valves can selectively
di rect a tloombesnpiessoanmotiacifitatd @ashuaneaniyst tegefidratsin drhler loscookproesdidonor t he

second t conpressor to produce the.catalyst coali stregm [0Q06] In a
second ad BT~ Sl cahect ARSI eanela G Wt ProutHl FAGPECREHH RS,
cat al yst régi%qgﬂaﬁas@wm, 4 BB etRod¥n@¥ed6d a kB&InditRG SR p 28RSt haglidl vAfowE di ng
a cooled streamto at |east one of a first thernoconpressor or a second

t her nocofpstélssmocomprepyondundena ot atoad ya vese ddieicaglyst regamratnah tolver frichusies a

t her noco ressor %I i zes a fi{st r’rPti Ve vapor . .TF second therntgco ressor

uti | i zes SBOLBCERE IRHGGE Y 4 SERYSHie BR ARt TROUI ﬁ“ﬁl%‘f%‘)&&%ﬁs&%‘l EBFovi ded

to a cat @ryShotiRVapHY RRNEcnA tBerbifcah)ffehsdr @UENE Blrb&M ds AWBStive RPOY ] THeN a

third aspect, a process for reg&;}eratl ng catalyst is provided that includes
1@%@39@3

r enoh¥l ng OBE PF METe aYeSSaR selpgtive et grqaphtotapigast ongd dhenfgrst he fir st

gas stre r..he [ I ream. dividing the
oot od 1 A BeoRsor ERESEedd AR AaRERLE fo bloiile M8 3uah L CARE NN,
cool i ng [@WB] st riaargecebispad, 4 piecen bi prgvidoRh Sltdlgarvolingsteaml tb AGazdRe
cooler to forma cool ed stream selectively providing the cooled streamto
at | east 'gfsBSIgHORIOMEF & ProWEedHRbslEss trlecsively nseviding arqeeledvlisppiealssstt o

produce 3nc ﬁf 2li%e Ehe?rﬁeéd-nglgre&ti)f %eﬁﬁ@@%ﬁéféo 1 38ksbi1 %o ngl%‘dé‘éeyﬂatﬁ?fl:cioﬂﬁlnga

streamto the regenerati tower. I rst thernoconpressor ut Zes
firdt nosireen wabibe firfhbersecomgdresve unbzampiissmotivaivapor.z€se secoptond not i ve
vapor . . . .
thermocompressor utilizes a second motive vapor. The catalyst cooling stream can be
provided to a catalyst cooling zone in a catalyst regeneration tower.
[0007] In a third aspect, a process for regenerating catalyst is provided that includes
removing a first gas stream from a regeneration tower, passing the first gas stream to an air
20 heater to form a heated first gas stream, dividing the heated first gas stream to form a
regeneration tower return stream and a cooling loop stream, cooling the cooling loop stream
in a cooling zone cooler to form a cooled stream, selectively providing the cooled stream to at
least one of a first thermocompressor or a second thermocompressor to produce a catalyst
cooling stream, and providing the catalyst cooling stream to the regeneration tower. The first

25 thermocompressor utilizes a first motive vapor. The second thermocompressor utilizes a

second motive vapor.
BRIEF DESCRIPTION OF THE DRAWING

[0008] Specific examples have been chosen for purposes of illustration and description,
and are shown in the accompanying drawings, forming a part of the specification.
30 [0009] The Figure is a simplified flow diagram of a portion of a continuous catalyst

regeneration process that includes a cooling gas loop.
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BRI EF DESCRI PTI ON OF THE DRAW NG [ 0008] Specific exanpl es have been chosen
for puiposes of illustration and description, and are shown in the
acconmpanywogotvesgsags, formng a part of the specifi cat iPOm/USPOOO2I97The
Figure is a sinplified flow di agram of a portion of a continuous catal yst
regeneration process that includes a cooling gas | oop. DETAI LED DESCRI PTI ON
[0010] The Figure is a sinplified flow diagram of a continuous catal yst

regeneration (CCR) system i ndi paredl gpBESCRPEONLO0. As illustrated, spent
catal yst 102 can be renoved froma reactor and provided to a catal yst

regeneration tower 104. The catal yst regeneration tower 104 can have a

pl ur al i t YOOI egEheFighiedn a simlificdrflayy digdan pfy HERPNNUPHS R ¥HE CEBRHBLIQRL al yst
passes i hat i r t] r 104
AL e R RN e T R A S ST
and a codtonng rexowe add grovisiednd a cathbbyispereanioanteer 1(de Thegenéysatdgonerhoaer 104

throygh an inlet at the top of the regeneration tower 104. Upon entering
t he :éggerﬁ%‘?’%&]ioér?af‘ 2 Rlgplity ﬂ%"eg?}?ﬁ%tloé‘&toa?%/%rt“%g&ﬁ%ﬂ‘%ﬁi‘r‘@%@ P&Gener at i on

process Ry,fRf ﬁsk&%&%@h‘d@%ﬁg@lrég&%m%%: ARNRudRRA, %%91?&5{%%&& pipceedi ng

t hrough the "hal ogenation z the drying zone I10, and the cooling
zone 112 indRedpsnevatbesiiapatoat 66, allidogeantidyezane o8 eddifyingmont é 1@ ainelaysbling

ti 104, and turped to t tor. [0011] As
TP bet  acutt 1 ey Y RS OR SRS iy F BRI i hhhletiss 100
has a COld faQetifiohQORrLASE. (GRAN dnigingafie IeOirdidh it WOIEShekpkh dilal B an
a

stream 118 t is renoved froma cooling zone outlet 120 in the cooling
zonel 0112 voflergp gherregrnseatignipseresobeentadre cambustionyagnestObeand thagsubasqusofy ai n

air, and_can have a te rature of fr 00QF (149C) .t o 10000F,.(5380C) .

i1 st oad Rr Tyl IR BBk R 4ot R IR Wic i 1 14 Srd RREPPIREZTET 120
Ai r heat @12 1R2odieadial ddi@ydtiln s tagBsredidveaoll e ch@lysekgsir&idnQodet ERRAR@L Ur e
of 10500F (566C), to forma heated first gas stream 124. The heated first

gas stre&i hQEPIeRPd © thaeeagior heater 122, and can be divided into at |east
two gas $hgs. al Hﬁ]liggtle@%h@e @?Qﬁ@,‘%ﬁ@édn‘?ﬂu&%"@&al?%Efélgeﬂerﬁ{i&?gﬁc%%g06@1(35 i

cool ing lI'oop stream r egeneration tower n stre can
passiéd t bodirgheaa lepnoléi tCdadiak gholobpéd 16 agbunies atfirarpat steam 108lthaaindemarcde
provi ded frto(r)n étl Qoeoliqlrgyziogg ogt?eqelZO in the cooling zone 112 of the regeneration tower 104. First
gas stream 118 can contain air, and can have a temperature of from 300°F (149°C) to 1000°F
(538°C). First gas stream 118 can be passed through a conduit to an air heater 122. Air
heater 122 heats the first gas stream 118, for example to a temperature of 1050°F (566°C), to
20 form a heated first gas stream 124. The heated first gas stream 124 exits the air heater 122,
and can be divided into at least two gas streams, including a regeneration tower return stream
126 and a cooling loop stream 128. The regeneration tower return stream 126 can be passed
through a conduit back to the regeneration tower 104, and can be provided to the drying zone
110. After it enters the drying zone, the gas in the regeneration tower return stream 126 can
25 rise within the regeneration tower 104, and can be utilized in the combustion zone 106.
[0012] The cooling loop stream 128 can be passed through a conduit to a cooling zone
cooler 130. Cooling zone cooler 130 can be a heat exchanger, and is preferably an indirect
heat exchanger such as, for example, a double pipe heat exchanger, or a shell and tube type
heat exchanger. When the cooling zone cooler 130 is a shell and tube exchanger, the cooling

30 loop stream 128 can be passed through the tube side of the cooling zone cooler 130 to form

cooled stream 132.



110. After it enters the drying zone, the gas in the regeneration tower
return stream 126 can rise within the regeneration tower 104, and can be
utilized WO 20h@98®BFbust i on zone 106. [0012] The cool i ngPCHAPS26:10/02391F 128 can
be passed through a conduit to a cooling zone cool er 130. Cooling zone

cool er 130 can be a heat exchanger, and is preferably an indirect heat
exchanger such as, for exanple, a double pipe heat exchanger, or a shell

and tube [0013 he@he eIRERORS cooi€BOlche be 06dlEMFith ARG sGieDlEmedidhh, kischassiel |
and tube exchanger, the cooling | oop stream 128 can be passed through the

t ube si d&rgfatarhEoedimmey a5 dhstraiee ik thekignre s ¢aolanblapirdd4 san exaive32. [ 0013]
The cool | - ' S i AF n
S A A

134 can rig6ed we @bhinspirrcocledil B0 todict agdt@ingdiuid foredovlitieloopkdant $28.and can
provi de an atnospheric air stream 136 to the cooling zone cooler 130 to act

as a XoolWhep §0king zers caofsiis wehallawg tahe Washed gxchapasy, (B KABle SReSRIsE er i s
hel | , .o e hc air st
T8 can SRR LD RGP RRIRLS S ARG A TRRRPEEA 21 51 o

e e coolTng zone cool er 130.
[0014] A40GHGwWn Asshdven i thelFgure codlimpggaydsod Didprah ifcledeoiengimgte one or nore

t her moconpressors, such %Zarsa t{il r?lt t her noco ssqor 138 and a second
t her mocofpfirBOSYPPIEITTS, GATeAsA ikt (DEFROMIATTHSS redest oo CHRMGOTRET SN
utilize g keR&hil§, (ROBBoRimReRbisBRY:nf140 Gan SHER BSKihBE: &idksf oBd second

notive vapors described below, to punp a secondary fluid, such™as cool ed
st r eldm 13Rimathduid, seh as hler imtampeessbmotenvapoid dezeriteedfbietsy, torptinpe vapor ,

dth d t tili d noti e 1
cecond ot R I DA DTS AT i d s T NS E EP IR RItRE o LCTRT b

fromt he_n@&fﬁé%}f:)éﬂ, i OF séddad fhdrBlocHMpic¥Rr aPRHilizeRecO¥PRBli e vapdr.l Thaist r at ed
in the Figure, first therm)con‘gressor 138 can utilize conbustion air as the

first notseeoadvegibie,vapeic-ag @edpabhynuypecompesitianthat woliemnifromithecompassipan as

e SoCoN P PR3l LA PPAERARPE R P AREREFRRY

cooligd stizganm dBZzecdmbstiGediesd thy €yt nthtveckpst, amhaceahthban@iompreisar 149 at
| east one of the first thernoconpressor or the second thernoconpressor to
produce & HikedtrogesasithgsesPREBRIITABAPOThe cool ed stream 132 can form at

| east par{éOl%f] t gt thermocompressor 138 and second thermocompressor 140 are preferably

configured to operate in parallel. The cooled stream 132 can be selectively directed, and can
be provided to at least one of the first thermocompressor or the second thermocompressor to

20  produce a catalyst cooling stream 148. The cooled stream 132 can form at least part of the
catalyst cooling stream 148. Catalyst cooling stream 148 can also include the motive vapor
of any thermocompressor to which the cooled stream 132 is provided. Catalyst cooling
stream 148 can thus include the first motive vapor, the second motive vapor, or both the first
and second motive vapors. Catalyst cooling stream 148 can be passed through a conduit to

25 an inlet 150 of the regeneration tower 104, and can be provided to the cooling zone 112 of the
catalyst regeneration tower 104.
[0016] The cooled stream 132 can be provided to the first thermocompressor 138, to the
second thermocompressor 140, or can be divided and provided to both the first
thermocompressor 138 and the second thermocompressor 140. One or more valves, such as

30  illustrated valve 154, can be utilized to selectively direct the cooled stream 132. The one or
more valves can be operated by one or more switches, such as, for example, a software

switch. The cooled stream 132 can be selectively directed based upon operating conditions,
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catal yst cooling stream 148. Catal yst cooling stream 148 can al so incl ude
the notive vapor of any thernoconpressor to which the cooled stream 132 is
provi ded.wGapw/opg8scool i ng stream 148 can thus include PRE/USRIIS102390% | ve
vapor, the second notive vapor, or both the first and second notive vapors.
Cat al yst cooling stream 148 can be passed through a conduit to an inlet 150
of the regeneration tower 104, and can be provided to the cooling zone 112
of the caiahdisg, buegenahiadd ©Ncd AR colkdrvel] MREheltR16QP&du St 4RIBdh&32 can be
provided to the first thernoconpressor 138, to the second thernoconpressor
140, or ©Rfrapeg eendiéwyd. and provi ded to both the first thernnconpressor 138

and the &m@al V@?i@ﬁg&%ﬁg%sﬁ a%/%% de Shtq eoleo goe eYh%lflr% Othelm coxinl?]nessm 138

illustra can I'17z€e ect ively dirfrec ecooled
stream 13@rind héira @et cﬂropamnﬁg \z@ddz@@nspam tbe)pe@ear Bt eebdayl tisrmoosmpRERr W t ches,
such as, for exanple, a software switch. The cool ed stream 132 can be

sel ecx i vapyngp ﬁ%r@péaetb%§§arau%ﬁorﬁb@rm Fﬁ@e@@ﬁ&? ttheseolingag ioRd, L6sa®  not
limted LfiizE s{" %ﬁﬁo&ﬁg{gi#?y f’j& udd@Pﬁ&H{Ef"B@] gcfnd?tfo?ﬁ Sdfrfgr sh%ﬁd[ % her

operating con Itrons n some instances,” 1t nmay be esiraple to
oper at e toberaﬁorrssindéhlemnMe RPnEEsHs, aﬂcB&nduﬂlzage@nﬁlthamos@hpmfsso@peﬁ) &iri ng
conditions, and to operate_the second tgernnconpressor 140 during a second

set of ofBYAHPHEEEHAILYAECONHIHOUSIGHIOES COIMMIQTSo| i ng gas | oop 116 can
utilize 7og18] t heAMQEHERS t@?@ﬁtll;ﬁgoﬁgﬂt‘ﬁé fl?Qrtﬁ@JnOQ%bi%Eéd’g3§ Ocﬂghf's‘t AHbrive OF

for short term operations under |ow coke conditions, and can utilize second
therMbconpw3§§@maab@smnﬂwépeﬂmﬁuﬁﬁh@umcmgppﬂﬁnddStmbugomwanQMsAddmwnnhe
condi ti ons res ect to the atlon f the first

h
oo ot o e g 44 b SR @ Eshoing uinities SRRy BioSs BT dd2 BopER

first tharoReaMBiBSERL thhaBoddMRuabr d18/ erheldd stréfin 106 Wh bdait,Red EhgHctidedr yer
144 can receive a gas stream 146, and can supply notive vapor 142 through a

condui t o¥yganentlinitsagenhd) hnﬂ@wnpwegsmoume@ ther fiest gagwgtvawrﬂ%@zten banomseollsdr |

and can cl XY.9E nd nitro flrst
notive vlgp ed%%gﬁa}%n e?cgo’fyrgo’i] Irgﬁlrﬁ%ls)%gneucﬁo\r,\%uts o ﬁ%unt g?legf?y répe fl‘)équi red
by tilse ceoisrust momvezwg@ r L@BcanTiebdstdvn & %decécm‘orﬁlhﬁtlfbh b ratBdutly 8s, Yapor 142
can be based on a reduced conbustjon air rate, such as, for exanple 25% of

the desi §FREBRIFINS PO AiEsZn SHMDESHOBdile &l 7 FedupashiBpuTBeT aifdisadar DEFSSEE Y e,

such as, for example, a pressure that is 69 kPa(g) (10 psig) lower than the pressure available
under normal operating conditions.
[0019] To facilitate the operation of the first thermocompressor 138 under certain

20 conditions, such as, for example, longer term low coke or very low coke operation conditions,
a nitrogen stream 152 can be provided and combined with the first motive vapor 142 to add
motive flow for the first thermocompressor 138. The nitrogen stream 152 can provide added
motive gas flow and gas pressure to help satisfy the process requirements, the nitrogen results
in reduced oxygen concentration in the chlorination zone of the regeneration tower. Over

25 extended periods of time, however, the lower oxygen concentration in the chlorination zone
of the regeneration tower may adversely impact the quality of the catalyst regeneration.
[0020] With respect to utilization of the second thermocompressor 140, nitrogen stream
152 can be received by the second thermocompressor 140, and can act as the second motive
vapor for the second thermocompressor 140. Nitrogen stream 152 can consist substantially

30 completely of nitrogen. The nitrogen stream 152 can be provided to the second
thermocompressor 140 at a higher pressure than the combustion air utilized as the motive

vapor for first thermocompressor 138. The second thermocompressor 140 can thus operate at
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such as, for exanple, a pressure that is 69 kPa(g) (10 psig) |lower than the
pressure avail abl e under nornmal operating conditions. [0019] To facilitate
t he oper avDan10gM8e8ie first thernoconpressor 138 under c@CTAISRO10OPIIE I Ons,
such as, for exanple, longer terml|ow coke or very | ow coke operation
conditions, a nitrogen stream 152 can be provi ded and conbined with the
first notive vapor 142 to add notive flow for the first thernoconpressor
138. Theamigheogeinvd toRbdms IdRotad giy i de fastdbenimbnpesgad 38 ahe atiegasio
pressure to help satisfy the process requirenents, the nitrogen results in
reduced s%ygr@ﬁu@@ﬁéémalal@@fb&amﬂw Wemaiiast longsrahloporeke gperefgn pédener at i on

t owner .

concent r S SaTE S PRty in B IR e nal R Ao B8 e

adver sel yegenmatéon tdv&rqoal It yonef exahplesatha lpyesture ef aiegeat sosam [ SOEM] beitdrh
respect to utilizatiaon of the_second thernoconpressor nitrogen stream

152 can BE7 ee(Bdd(®y30 peig e ddhBsieHuERs ¢ %?Uf%%t%eéﬁal DUSHIPALE as t he
second eam
o5 Can LY ARAOMALOl vilF [RAORR IR 2#‘9&91?5@#?? i Pt o i
152 can biecqpn 692 ckHdpltﬁbraHil)ebG ecmbmied tremlamta)mireerssgen deffieratin theHiatyigenatipnessur e

than the co nair utili he notive v first
thernoco?r?)‘?egg@ CI{%‘S‘S ﬁ'ﬂ‘?é)‘@elg ‘?H@ l&‘éﬁﬁb?ge‘é'glo%pa%ﬂﬁe g%% thus operate ata
hi gher r¢§ %Of Feafkhe aSre s Qn g0t | WM?beQ Mﬁ@d Er#ateaﬁﬁdhgﬁs Qi HOGHIRRSSOr

138. The hlg er ratio can provide additional |oad gas flow to maintain |ong
t er rh0| owbc@kdtsaﬁmddtemn fmumsmqntmlmtmtwg eaniogp prodpidetions oRy bemade

concentr at. n.the enati on zaon t he r.egener at.i on 104.
- some. SR ddid g, BESARL o feRRRr yueiGhr bt e RN s
2068 kPaf@rgdi®desile dc3ftbnpse 9garbéQRelutthaie thiBerthassmitthedfind thet it be
conbustion air utilized as the notive vgcgor for the first thernoconpressor

138. Theundassiopdthat Bfis e dolinyens §karré$aml<i ng ah eprizplentaphyt e itged & | ed to
mai ntai n 08 at a |l evel of
above 103%5&} 13}"1%%‘8 é?g{; n%%?lngﬂ%g@gp Sﬂ%é%? 21] Fromthe
foregoing, it wll be appreciated that although speci fi c exanpl es have been
descri bed herein for purposes of illustration, various nodifications nay be
made wi thout deviating fromthe spirit or scope of this disclosure. It is
therefore intended that the foregoing detail ed description be regarded as
illustrative rather than limting, and that it be



understood that it is the follow ng clains, including all equivalents, that
are intended to particularly point out and distinctly claimthe clained
subj ect mMEO2010/08B98FMS: 1. A catal yst regenerati on syst eRCTIUSR019H2I9EM
conprising: a catalyst regeneration tower (104) including a cooling zone (
112) that receives a catalyst cooling stream (148); a first

t hernoconpressor (138) that utilizes a first notive vapor (142); and a
second t H&rAIM®npressor (140) in parallel with the first thernoconpressor
that utilizes nitrogen as a notive vapor (152); and one or nore val ves
(154) that selectively direct a cooled stream (132) to at | east one of the

first Lher mconpr eseofudiBlofakhe, a600 hepmprpARREssor (140) to

produce the catal yst co streant (148 atafyst regeneration
system of cl aiamafalyst trgehe@ntiaotwprer §i04Qinchnling a cddageond (122) thhhateivec®i ves a
first. gas stream | 118% rg@?yed fromthe regeneration tower (104) and
produces CAPHSLEQUNESIEIM (KS)5t r eam (124): and a cool i ng zone cool er (130)

that receives @A tﬁ&%ﬁoc@n@%&&r‘l%@ﬂh&th@ili@@@é B¢ fokist vERS (B2 e (128) and
produces the cooled stream (132). ‘3. The catal yst regeneration system of

cl ai m 2, wher eisacarhigheratcebyptessadéHdrimphwmHeltvomie the(firi4hermocbmgessaa that
conbust i on..zone Sle%%s a thal ogen&%’gqn ione (108), a drying zone ( 110), and
a cooli nd]' I%Wemkr & 2 A HEOYS % aa s stream( 1 18) is renoved fromthe
cooling zone (ond b2moes vAIR& (1SHaRfrBlet@itly OMEt a(chORY strdam (182) €RAtabakS bne
regenerati on systemof claiml1, wherein the first notive vapor (142) is

supplQ ed of éhafiist thpregeompegsheyddAPra shoseconBdprmegompyesser dAQeio pradigy thes, The
cat al yst 'yl of claim4, wherein the first notive vapor
(142) cor‘f%%gﬁg&g)o%&ggﬁe%%gf%mrogen. 6. The catal yst regeneration system of
claim1, whereain therhialydgegefctazin dystepr siuilded], farthdreompasing:

t her nroconpressor . (140) at a higher pressure than the first notive vapor

(142) 15 br ovitaeis TEBF HE2) bieCpNesr wEto by 859Br( {Aggoved from the

regeneration tower (104) and produces a heated first gas stream (124); and
15 a cooling zone cooler (130) that receives at least a portion of the heated first gas
stream (128) and produces the cooled stream (132).
3. The catalyst regeneration system of claim 2, wherein the catalyst regeneration
tower (104) includes a combustion zone (106), a halogenation zone (108), a drying zone
(110), and a cooling zone (112), and the first gas stream (118) is removed from the cooling
20 zone (112) of the regeneration tower (104).
4. The catalyst regeneration system of claim 1, wherein the first motive vapor
(142) is supplied to the first thermocompressor (138) through a dryer (144).
5. The catalyst regeneration system of claim 4, wherein the first motive vapor
(142) contains oxygen and nitrogen.
25 6. The catalyst regeneration system of claim 1, wherein the nitrogen (152) is
provided to the second thermocompressor (140) at a higher pressure than the first motive
vapor (142) is provided to the first thermocompressor (138).
7. The catalyst regeneration system of claim 7, wherein the pressure of the
nitrogen (152) is 207 to 2068 kPa(g) (30 psig to 300 psig) higher than the pressure of the first
30 motive vapor (142).



7. The catal yst regeneration systemof claim?7, wherein the pressure of the
nitrogen (152) is 207 to 2068 kPa(g) (30 psig to 300 psig) higher than the
pressur e WO 2010098985st noti ve vapor (142).8. The cat al ysPCTAFeMOM02397HN
systemof claim1l, wherein the second thernoconpressor (140) operates at a
hi gher ratio of |oad gas to notive gas than the first therrnoconpressor
(138). 9. The catalyst regeneration systemof claiml, wherein the nitrogen
(152) has a flow raﬂfedathﬂhy‘zst'r@ewmﬁidsrowsada@ﬁmmai Nivetieneih i mxmgien content in
t he hal ogtenatl on zone 5108 at a level of above 18% 10 process, for

t

r egener at'PHEOcaRRreEr, (14hoppiabe 858 higdaprafigiohdpad @émﬁlﬁgveagaslthmthaéeéstst ream
(118) frq ﬂmc&%ﬁ?:%@;(ﬁﬁg tower (104); passing the first gas stream ( 118)

to an air heater forma heated first gas stream (124); dividing
t he heat ed f| r%t géﬁaesdateeymmdgeﬂf]r&)ortqsfemmcaairregevt&reahiﬂmnitrogmf(lﬁé)thﬁsm

stre a cool i | oop stream cool i the coolin

(128) str At tléeemlﬂge%ztaﬁ@l%&te? 0%»%@0)00%%18%"‘?@1%8%1 %qr&egé@ ?éz)
sel ecti vglye BF 9ydiiRg, t he cool ed stream (132) to at |east one of a first
t her noconpressor (138) that utilizes a first notive vapor (142), or a
second t her nod®npr 94?5pmces(sjféﬂx)egtmatin,gtdatal}zséshﬂptqcmge:mr@sisiaagsecond nmotive
vapor (152), to rodu
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passing the first gas stream (118) to an air heater (122) to form a heated first gas

10 stream (124);

dividing the heated first gas stream (118) to form a regeneration tower return stream
(126) and a cooling loop stream (128);

cooling the cooling loop (128) stream in a cooling zone cooler (130) to form a cooled
stream (132);

15 selectively providing the cooled stream (132) to at least one of a first
thermocompressor (138) that utilizes a first motive vapor (142), or a second
thermocompressor (140) that utilizes nitrogen as a second motive vapor (152), to produce a
catalyst cooling stream (148); and
providing the catalyst cooling stream (148) to the regeneration tower (104).
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