EXCHANGER AND A PROCESS RELATI NG THERETO STATEMENT OF PRI ORI TY [0001] This
application clains priority to U.S. Application No. 13/170,143 which was
filed on wone13d02922011. 5FI ELD OF THE | NVENTI ON [ 0002] Phiraiseenzesd2ton
generally relates to processes, such as al kylation, utilizing one or nore
exchangers. DESCRI PTI ON OF THE RELATED ART [0003] The al kyl ati on of benzene
Wi th propene may be conducted in a multi-stage, all 10liquid phase reactor
under conditions sufficient to limt reaction tenperature rise. Oten,
controlling the reaction tenperature may be obtained by the staged addition
of propene reactant BKEHASKIER AYDas PROGESSRELNTHYE TRERETYY quench with a

| arge circulating reactor effluent recycle stream passing fromthe final
reaction stage back to the first reaction stage. The reactor effluent
recycl e streamcan act as a h§5ﬁT§PH?¢EQF@3%?ﬁHD7the exothermin the

mul tiple 15stages. . [0004]. As an exanple, the anount of the reactor effluent
recycl e stPQAM ¢ isepkcaton gaifns prorityde Frb Apphcasign Ne- tHE/Ondp whitkorasy

ef fl uent. g sUsho 21 be1reactor effluent recycle streammay require the use
of | arge-capacity recycle punps conbined with various heat exchange

services that cool a portion gfrbherraeyaNeestme’am bef ore providing the
inter-bed reactor 20 quench. As a consequence, there is a strong desire to

i nprove t fpeoeh{ I cih@N&Yenfbn EdABraRy RERSS0 Boctikésl bueh AGalk@atond eMEiRt &€ of r om t he
stages rather than nerely utilizing cooling apparatuses w thout the benefit
of recapt BIghHEKeat in other suitable processes. SUMARY OF THE

| NVENTI ON [ 0005] One exegplar enbodi nent can be a ﬁrocess for al kyl ati ng.
The process can 25i ncl ud PEHIGNy QF THES REEATEReARTf rom a first

al kyl ati on_zone, and praoviding a second effluent froma second al kyl ati on
zone. GendP8P8l, Thpalkylatian ofiszese wih@rapeng Misheconductsdrin g mydistees: alh

exchanger 1,0 ph&RkdctoRdndr EsRRInONREL AN t# BAR reaction temperature rise. Often,

controlling the reaction temperature may be obtained by the staged addition of propene
reactant also serving as an inter-stage reactor quench with a large circulating reactor effluent
recycle stream passing from the final reaction stage back to the first reaction stage. The
reactor effluent recycle stream can act as a heat sink to control the exotherm in the multiple

15 stages.
[0004] As an example, the amount of the reactor effluent recycle stream can be 3.5 to 1,
by volume, based on the net reactor effluent. As such, the reactor effluent recycle stream
may require the use of large-capacity recycle pumps combined with various heat exchange
services that cool a portion of the recycle stream before providing the inter-bed reactor

20  quench. As a consequence, there is a strong desire to improve the efficiency of the process
by utilizing heat generated from the stages rather than merely utilizing cooling apparatuses

without the benefit of recapturing the heat in other suitable processes.
SUMMARY OF THE INVENTION

[0005] One exemplary embodiment can be a process for alkylating. The process can
25 include providing a first effluent from a first alkylation zone, and providing a second effluent
from a second alkylation zone. Generally, the first and second effluents are provided to an

exchanger for reboiling a fractionation zone.



[ 0006] Anot her exenpl ary enbodi nent can be an exchanger. The exchanger can
include a first discrete tube bundle, a second discrete tube bundle, and a
third di swoevs/med2e bundl e. Typically, each tube bundl e PC3/Usd@poaat4e o
receive a different streamfor exchangi ng heat. [0007] A further exenplary
enbodi mrent may be a process for al kylating benzene with 5 one or nore C3-
hydr ocar bons. The process can include providing a first effluent including
one or nore al kyl ated benzene conpounds froma first al kylation zone,

provi ding a second effluent including one or nore al kyl ated benzene
conpounds [0906@] a Avethenekeaipleyy embasiiment pan bapneueldingay. dhe erichehgerf dan yreohtde

i ncl udi ng I b yl ation
one, - pasdiing R Fhifl AEHARIARDRLC AR AR HEOM: ek Ml bREY; B

reboi | er ﬂwpmMLOc@mhmn@mz@naadmuhuwuﬂgn@memﬁnmnnwamaﬁwemmmhmﬁﬁwmand
provi di ng |rs fflue t to.the secon Q the second
ef fl uent 1[686%19 qxﬁm{}la |e(5r%) “zone, M4 %e a%]?]roé{e[s %Or H((!.]T%?]il% e ! Wlﬁl fourth
al kyl at i onng OITIGOI‘E: mmmdlmmmad I Thg pz@Re. catichide pI;Othh% afﬁirstsdfﬂueaemolludlmg and

third effluents ar |ded to a s r iler for interned at

obor 11 m obt Ot bRl SRR ttoihTRen §RT AR Bl S BREE L,

di scl osed chakst 1ﬂclﬁ(ﬁﬁlg Pt inthee Ak ntedB&Sete@nptiindk fiagSa @cqlduligldtivy zade,
romres pect |

ef fl uents, fi d.second effl uent e fi and
second al R§" Vi é’o%thfeﬁ e?tdncg%%%r@%&%G%Waﬁ%@%ﬂeﬁp@e@%@ derbid

reboi | i ng afkyfakig®kdreNekdiANthE BAE. sed%&l@faaaamdyefﬂ@uslfaﬁsﬂaefsﬁabxﬁeres&telr wents from
respective alkylatlon zones are used for reb0|llng3a fractionation zone,

such 3 acPelngZPRmaciiAS Somn "eUp A 829191y 2Bt AoNEingBe BehefEpet tonBe conk

exchanger , ﬂﬁmlpﬁz@lea@%@@nd SLGRR th@fhird Wiidylakigh DéheBdhdithY BT iBMiudii 8o & €boi | er
| ocated higher in the colum where the tenperature differential driving

forces ar dofrghadpyidsion zengrfrane e sadlmgizhee. Udwaldy, theifgkerccond) and thisdefflaentheat i ng

medi um s r fuel-fired
noat o1 at A{pLORAHaRh b A0t lr Bir intc Ml SHREAAS A Rnn Bl Bhaon (ol el

reduci ng esluemnal utility costs. In addition, the enbodi nents disclosed

her el g Cal‘gg Ia/ltg%?n pidiinal 1@@%1%&&1%& 2Rl %c%s%hét'dﬁﬁz ?%ﬂ}raﬁﬁy ofach

havi ng a an re e|ve separate process
streans pre&fu@nta,biayleafl d ﬁl’steand gecatld sfifllositt it m$peytiveHestsadeecomhglerlatonrzendsor

providing agr%l 1tde Beaifl n a ﬁl r roce\és o Qeh o r&)oihng a fractcfotnla griatoln?n]t)rze(f-)era%l Nple ver,
ellnlnatlng the uench can FationSeledt |V|ty

froma pl diged d:fﬁmbmsefa@h oerspeﬁmmé algyintiini 2oNes\oed SdS fdraﬂdmlmmfngn@daaM Ay, occur
froman inter-bed quench. 30DEFIL.NI TI ONS [ 0O used grei he term
e reant Il A GRS oah RGP LIPBE A ST Es Rt B e a2 e - chai .
branched, sab-i€kobile. kikangsn intdrikedias reballdractard @gshesintheadokiiesheramd 2
optionally other substances, such as_gases, dr og npurities,
such as hé%WrWF&L%Eerenaﬁl&rgmgffaﬁcesaﬁﬁafaﬁP&aPlagélhd%ﬁﬁo% B 0T pigher V@lueam can

al so i ncl weerdbamatnddivii) dudhQR hadt eamdferGilNidh ﬁﬁﬂ@sted\@&e@ﬂl@[ﬁre@ B&uter

hydr ocar bon nol ecul es be abbrevi at ed Cn where "n"

r epr esent $t thpBoEATKIsEPil %ftﬁﬁal?wr%weigﬁ effr?éenah@lddﬁdwgeexm WK bon

Snol ecul egosts. Tn addition, the embodiments disclosed herein can provide an exchanger with three
25  discrete tube bundles, each having a separate inlet and outlet, that can receive separate
process streams preferably all being at substantially the same temperature for providing
additional heat duty to, e.g., a fractionation zone. Moreover, eliminating the inter-bed quench
can improve mono-alkylation selectivity from a plug flow reactor configuration versus back-

mixing that may occur from an inter-bed quench.
30 DEFINITIONS

[0009] As used herein, the term “stream” can include various hydrocarbon molecules,

such as straight-chain, branched, or cyclic alkanes, alkenes, alkadienes, and alkynes, and
2



[ 0010] As used herein, the term"zone" can refer to an area including one
or nore equi pnent itens and/ or one or nore sub-zones. Equi pnent itens can

i ncl ude ome© 2013/000928¢ reactors or reactor vessels, heater #CTaARCHANZFENS,

pi pes, punps, conpressors, and controllers. Additionally, an equi prment

item such as a reactor, dryer, or vessel, can further include one or
10nore zones or sub-zones. [0011] As used herein, the term "al kylation" can
mean the introduction of an al kyl radical into an organic nol ecule. As an
exanpl e, an ethene and/or a propene radical can be introduced into a
benzene mopéealle ober sbsipiichafeth ap gatics &2 dadropen, Phimmytitiesetich as keasy t ol uene

mol ecul e. 15,0 Qﬂ'{ﬁs]ulf’ﬁf %ﬁjoggﬁ rc@th]ﬁounrtl;' efl}e%{rgger CIANAGHde o irc%g(? fod-0 an

equi pment 1tem |tates eat ‘trans et ween two s and can
i ncl ude a aginaic ihyndro@tdmnb eMoreaverothd by@wa,rboemn@m!m gy be abbxclvlaad Ctddl.er, a

kettle exc‘d}a Wher A d(r)%pl?esgntglt}g um% ac‘gxﬁgrli at01%s 1natLe or(laedorsmqef‘eil c%rbOBUbe
exchanger, or ced-r edl Feu iOn Febdi er, or Ao Zont a
thernUS|pMﬁmqub0|ler 20[0013] As used hereln the term™ rlch can nmean an

amount of as e ally 50%. and pre erabl 09 e, of a

cCompound 4908PEEEgRDERDb HeiE 1 o B POk f Rt BPE n, “the term
"subst ant qullui)bﬁentﬁtams BERESYT oAb oARDRRUb-Bbneat Edngpaént gemetaml ihgluddQe opmefeer ably

90% and o¥t|nall 99W 5¥ nol e, of a conpound or cl ass of ngognds in a

stream 25{6Wisy " to&é‘if? DERteryy FERRECTT IPHRS I NUARS OIS @h be

referred tAQditidh@ns haOERIRINYit@s, suéh §-a redckdrEEyerPbiRSsel, EAERBher PVIUdc QRS or
effluents renalnders products, or streanms. BRI EF DESCRI PTI ON OF THE

DRAW S P@Eﬁ@?wi?@ﬁ'fom§ a schematic depiction of an exenplary al kyl ati on

apparat usqoo11] [QQ4dd he'r:é1@the,2t'8‘rd1 sa@]atelnevﬁlt mwaahe inBOEhMbIEYY aqafau@nraa;éerrpl ary
reboiler along |ines 2A-2D of 0018] FIG 2B is an elevationa

end vi ew &0 aheitepEe mejeswig] A gn ?@mlq,émetaw@rﬁg for mr@pgwwaéf:anmee 1. [0019]

FIG 2C i@l S‘éd%‘(t%'b@&%he m@f&E’ulé’ bleé"fn%arfbl ‘Fa!d[ctaﬂ% bE IR c%HYntS gRpider al ong
i nes 2A-2D o? 1. [0020] 2D 1s an elevational, end view of yet

anot her e%@#ﬁhbry reb0|ler along I|nes 2A-2D of FIG 1.

15 [0012] As used herein, the term “exchanger” may refer to an equipment item that
facilitates heat transfer between two fluids and can include a stab-in reboiler, a condenser, an
evaporator, an air cooler, a kettle exchanger, a double-piped exchanger, a baftled shell-and-
tube exchanger, a forced-recirculation reboiler, or a vertical or horizontal thermosiphon
reboiler.

20 [0013] As used herein, the term “rich” can mean an amount of at least generally 50%, and
preferably 70%, by mole, of a compound or class of compounds in a stream.
[0014] As used herein, the term “substantially” can mean an amount of at least generally
80%, preferably 90%, and optimally 99%, by mole, of a compound or class of compounds in
a stream.

25 [0015] As depicted, process flow lines in the figures can be referred to interchangeably

as, e.g., lines, pipes, feeds, portions, effluents, remainders, products, or streams.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1is a schematic depiction of an exemplary alkylation apparatus.

[0017] FIG. 2A is an elevational, end view of an exemplary reboiler along lines 2A-2D of
30 FIG. 1.

[0018] FIG. 2B is an elevational, end view of another exemplary reboiler along lines 2A-

2D of FIG. 1.



S5DETAI LED DESCRI PTI ON [ 0021] Referring to FIG 1, an al kyl ati on appar at us
100 can include an al kylation reactor 110, a fractionation zone 200 and a
cool i ng 2woeoBi02928lsual |y, the cooling zone 500 is provipdedsedi2asatise i onal
heat renoval is required before returning an effluent to an al kyl ati on
zone, as hereinafter described. Generally, the al kylation apparatus 100 can
receive a feed 60 10i ncluding one or nore C3 hydrocarbons, typically
propene, that may be split into several streans. Particularly, the C3 feed
60 can be sglit into a first propene portion 64, a second propene portion
68, and al[@BlPH FlopXns apelevitonalzend vidvaot chrthgyexpnplviydelpildi dlengtlings t o
recycl ed ehfdyents, (respectively at "C', "B", and "A" as depicted in FIG 1
and are discussedifn'further detail hereinafter. The propene renai nder

st ream 76 [@@R0be FEGI? ned clevitional, eslcwol ef vt peginar ¢5@iplary meboudiathggheezene, to
forma confii ed.feed 90. The recycle stream 80 will Dbe discussed in further
det ai | hereinaP{erj 10022] The al kyl ati on reactor 110 can include a first

al kyl ati on zone 120, a second i , a third al kylation zone
160, g%d a fourth al kyl ation %%%é%iggiﬁﬁﬁéﬁgﬁgéﬁ?our al kyl ati on zones are
di scl osedq} houl-d .be erstood t.hat an i §.abl u r.of 20al kyl ation
Zones may 10Q2HE RGOS, 3 IRl OB R T PN T AR Rl SR
second, t Hil®,c feaadorfacom tdme &D& yidad ¢oohing ame SOA 20sualliGhe b60Gng amd 50BB can

operate at_any .suitable conditipns, in endently, such as a erature of
R O R NI G N SRR it s
184 can beopassieteifidicr ddsctitedr Gonaalps gicntkylasivg Bppagtisa 0a cid @ediveontd 6n zone
to renmpve .l ight ends, “ﬁ%fh n%% includeua deﬁ{o ani zer chunn, and be
25cond] ned SHHE B REMOR Gt DEEocabrpsy, SiRically Boppreadatmay betell OIS Yn ef £ 1 uent
prior to hetag. Puitichieny,flaC fonad eah.be Thaseto FRPree FR@S64aE SecdhdCl osed
in, e.g., US 7,744,828. Additionally, 1f the cooling zone 500 is

i nsuf fi ci SFMPCROPHENRFe2 eI PEORFLA N Potalrer PeRigyided dirgey &g regyalidy t i on of

the al kyl apfiRfks ZzedpectBblyl et «BB84nay - ReddpRENGh 85 it R diRRssed intfifher
al kyl ation reactor 110 by being added to the conbi ned feed 90, as

her ei naf t detad erenplisd Theiopeng|rerpaindar sfrepmyEisGap hp cembige3oih wifcsydestegay such

recychi ng gpf inElﬁcﬁn?Léﬁéérﬁs {00 QB&nGhdd H&Y%0. 184 redy B0 23dant ¥ $iil AR @nal
processing, the alkylation zone effluent 184 cah be provided whole or in

part as alb@mheristaddicrsimfitieed 190. Particularly, the fractionation zone 200
I B A L e S L
of an exchbygern 300.14Thehiekdhdaigerzo80 000, and hiosrte dlepiptiar zone Mo dhithengh can be
20?5?’2- IZE 69ru?lgﬁ<iyla%5n Eo%ep I \éilsgl%seidpllt gl'l‘oql?c%eautnﬁergt%g& thgltua{ny sﬁi?ab&ehn%rr}cbléla ocfI I onat i on
20  alkylation zones may be utilized such as two to eight alkylation zones. The first, second,
third and fourth alkylation zones 120, 140, 160, and 180 can operate at any suitable
conditions, independently, such as a temperature of 70 - 180°C and a pressure of 100 - 10,000
kPa. The alkylation zone effluent 184 can be passed for further processing, such as to a
fractionation zone to remove light ends, which may include a depropanizer column, and be
25 combined with other process effluents, such as a transalkylation effluent prior to being further
fractionated. These exemplary zones are disclosed in, e.g., US 7,744,828. Additionally, if
the cooling zone 500 is insufficient to remove heat from alkylation effluent, at least a portion
of the alkylation zone effluent 184 may be recycled to the top of the alkylation reactor 110 by
being added to the combined feed 90, as hereinafter described. Generally, it is desirable to
30 minimize any such recycling of the alkylation zone effluent 184.

[0023] After additional processing, the alkylation zone effluent 184 can be provided

whole or in part as a benzene column feed 190. Particularly, the fractionation zone 200 can
4



5[ 0024] Usually, the fractionation colum 210 can provi de an over head
stream 220, including benzene, and a bottom stream 240, including an

al kyl at edwbenmane2such as cunmene. The fractionati on col eem/UR2@203924Dper at e
at any suitable conditions, such as an operating tenperature ranging from
30 - 220 C and a pressure ranging from 160 - 280 kPa. The benzene in the
overhead stream 220 can be provided at a tenperature of 120 - 170 C. The
10over head stream 220 can be conbined with the propene renai nder stream 76
to formthe conbined feed 90 to the al kylation reactor 110. [0025] In

oper at i on indue admatnaten ¢aduah DI, sugh abe bpnzend el o heectiqneten eolluyl 240 on
zone 120 f ! i I ILr {naN The
Firot eff FbneT s Fub2ed hofins ot R g rop b Bt 0P g bt Bl St o
its heat. ti@Geerenpldry ¢mbadguend cambe dtabliffretadei to patvidsnntcmhadrate IRaA0dugololtect s i n
the tub 2§%Ctivr\i*§{-_jl0hco?aﬂg]n ‘reboi | ed by the exchanger 300. Afterwards, the

first effluent 124°°Can %@ provided to the cooling zone 500. [0026] The

cool i ng z@@O@28PO0 Hasly, thelftadionatien @ilumm? ¥ an provaiblae bssrhaudcticams?220,fi rst air
cool er 510 .second air, cool er 520, an third ajr. cooler 530, although
ony sui ¢ abib iR g o BPGE e 1407 tns dhulel bSPRReb R i
utilize otihefraétlonbtils, cofei? 18 amBpeite ati afly OuibRQphd i@ @ch evdnagerignd t he
cooler is one or nore air-cool ed heat exchangers., Alternatively, any

sui t abl e &tRieEtye Fangig from it § 420z 6@nd apresiuipieaging fra@ 160 r <80 i |Thsnt 124 can

pass through }0g tﬁé’&Ug%H%Qd 4RAK 2263 ﬂg?\ﬁgédaa& 'aYemﬁePﬁgE gf Flo -al7b° é.o‘i’hé‘f‘(rj 510 to

be cooled to a suitable tenperature f el ng provided to the secon
al kyl & i orverbend strddn 278 Gap be combigeyitipthe wiaperr minaindertsireans @¢ wridrmathiey| at i on

zone 140, QBIQF‘G%‘E{FF‘E%‘?%%%?F’@lat%%&%@ g combined with the third 25propene

portion 7 a second ef fl uent or second al kyl ati on
ef fl uent J@@28hd Iaopdatiod, thé tédrientd foed Andan de atdkydedtd the fist flkyletiin Zb64 can exi t

(ne 1 De Ko RSSO RGAL I AT ASE P 0. M g bt oo U1
exchanger pafied Af the exdttisr 3001 reec@ndmebf ltuieat Addratindiquiientiei rd ef f1 uent
Led can pass, SO Ut L ool e 08 0% Ber LEUAEL Y e reshagt 1 e
appr opr i atagtchedpe iRtfHteMichon4tcen Beprogidedh@dling tdae s0@spectively, the
second PrOBERE) Pht cosling 2ome 500 car includs ond or hore sir Bsbiers. Stch i a fir sircodlir
510, a second air cooler 520, and a third air cooler 530, although any suitable number of
coolers can be utilized. Also, the cooler may utilize other fluids, such as water, in one
20  preferred embodiment the cooler is one or more air-cooled heat exchangers. Alternatively,
any suitable exchanger can be utilized. Afterwards, the first effluent 124 can pass through
the cooling zone 500 particularly, the first air cooler 510 to be cooled to a suitable
temperature for being provided to the second alkylation zone 140. Prior to being provided
above the second alkylation zone 140, the first effluent 124 can be combined with the third
25  propene portion 72.
[0027] Similarly, a second effluent or second alkylation effluent 144 and a third effluent
or third alkylation effluent 164 can exit the respective second and third alkylation zones 140
and 160. Likewise, the second effluent 144 and the third effluent 164 may be provided to the
exchanger 300. Afterwards, the second effluent 144 and the third effluent 164 can pass
30  through the cooling zone 500, particularly the respective second air cooler 520 and third air
cooler 530, to be cooled to the appropriate temperature prior to being combined with,

respectively, the second propene portion 68 and the first propene portion 64. Next, the

5



second effluent 144 and the third effluent 164 can be provided to the
above-respective al kylation zones, nanely the third al kyl ati on zone 160 and
t he fourtwoabisyoat2son zone 180. The al kyl ati on zone eff PaentS2118432an be
obtained after the reactants pass through the fourth al kyl ati on zone 180.
The cooling zone 500 can provide a cooled recycled effluent to an

5al kyl ati on zone for preventing an undesirable increase in the exothermc
reaction tenperature. [0028] Typically, the effluents 124, 144, and 164 can
be transferred as a |iquid under systempressure at an internediate

| ocati on Beqondefilueiid 4henizthe thidsifinent Fodsan hopoanded todhe abavetesegty240 of t he

benzene c o t he
ot 1 aent Ly F3g T hys, HAREG iy hE AR} R R0 e a0 GOBHAS Y Ptqr 181
aIkylat|oﬁhpe&EhOWJAmﬁeﬁwmmd84tmdmsﬂmmmﬂm@mhhaﬁmumu$nBSﬁam$mmﬂﬂmmhthe
benzene ¢ 210, erf b nts 124, 144

separ at el glky 1 Oenerltégc? Y Cooﬁ%gf%zd)%gts 63(? Can&’om%%ta COOIed r?cy%lﬁ%g@P f’ng:tonaé t ake- up
poi nt s5 af taHaylanomkoneg‘mqdeenmng amgmvlzsnrhblaurce:ammpieamaeﬂmmhc reeatcinant . [ 0029]
Usual ly, the first effluent 124, the second effluent 144, and the third

ef fl uent 1€W"%%Fe provided to the exchanger 300 at substantially the same
pressure §0028FNMIBHREIY, ehe ABuchtdaD4, 1A CMANLLE 8dn BttFasBrratstahguiabanger
conmponents due to tenperature and pressure differentials i nlzed The
exchanger SYI'ERPGEUE H AR B 9tec5‘?ﬂa{))° Rebwcey the fisazeop 8@“@8%&13%‘% YOFf er ence

of 10 C WRirédh 240 FelicticaLent E@lﬁinh heo.i meeﬁal Iréactbfﬂ‘iéa@siﬁah%hsurérﬁllﬂowtdfﬁhd ow
tenperature_difference general y allows the use hree or npre discrete

tube MundieE&epRilPd 19Hsn @@%Wﬁh@mﬁgﬁﬁﬁ%“@@édP%*ﬁ%ﬁ?@&@hﬂP@G@@PrWﬁe exchanger

300 can Imq{eyqﬁls?ensﬁgl%ﬁosﬁeaﬁatbﬁm E@t‘ﬁ@béxﬁéna%[&ﬂﬁll@“ﬁ@cb&é@oe@'e@fﬁfeﬁﬁse bundl es
for separate streams to pass through the exchanger 300 w thout co-mngling.
Usual |y, tlR&rld4)H4actainsseperpislys tpfbe iwagtel imnfedjatebaddiviirerseeithe prigiaghtakgnd i n

this exe t . SGI ube bundl es. Although a
stab-in ?@gggmw%%gﬂgJ?@%&gggg&gﬁﬁ&gmhﬁgﬁﬁgng%J%;g?%tood t hat other types

of exchan¢@989]:odJselallyetmtﬁrst|eﬁfbldnt§@éhhasecand<@ﬂudnél%emhthgéﬁrd@fﬂ@nhWi zont al
t her mpsi pQPe'er\ﬁﬁ) tL 5 exg,_ %&%bé Lesuﬁgiaﬁﬂﬁ{‘gg% s %pl%% re aﬂ?'iefﬂﬁa% RN §eb°' Ler

may be externa i'onation co n ex exc anger may
be advantagéousdwhwdSSEameWcmdbmg@emnmsmmmnmsuuwmmﬂemﬁnmdthMﬂ¢actionation
colum 21 St raint Q[ 003 } h e epbodi nent

di scl osed%htgerr%nlnﬁloésanﬁml T e % Lemm %%y ey aﬁ‘r}b Séd;?ed r eact ed

ef f | uent s tdnipmatirh rdﬁ“&r@e@afr 1@1" € wlihkds satich frﬁmtt]lftﬁm&l toythadution ma,ahemrowl 10 to a
| ocation within t e al k Iat%f paéatus 100 to effective t he use
ly ﬁ@‘PVhSet

of hi gher tq/afctagure ﬁ%ﬁne SHs § s thestEes g mofse; reﬁ?*&i%‘?@d ehile i gh

tenpeg@tU@ngh@%mhgﬁgﬁm&u@ﬁn@@ged heater for the generation of recycled
benzene required for the alﬁﬁiatlon reactor 110. I n one exenplary

enbodi meniQ030ki ddr exehpngse 30teag decluds pingle sbaif rebpteraatidiongst in Oudzﬁcrf‘@ethr ee

di screte %Hﬁtﬁés%r &ﬁﬁ}a@ Q{r@dnﬂs th PRI erbhUhd ScchahsBl B@ithouodhBgiQL € tube
bundl e isolates the fluid therein
Usually, there is a discrete tube bundle for each process stream, and in this exemplary

embodiment there are three discrete tube bundles. Although a stab-in reboiler is disclosed, it

25 should be understood that other types of exchangers could be utilized such as a kettle
exchanger or a horizontal thermosiphon reboiler. The kettle exchanger and the thermosiphon
reboiler may be external to the fractionation column 210. An external exchanger may be
advantageous if a stab-in reboiler is not suitable for the fractionation column 210 due to
mechanical constraints.

30 [0031] Thus, the embodiment disclosed herein can allow the transfer of a portion of the
heated reacted effluents from three separate zones within the alkylation reactor 110 to a

location within the alkylation apparatus 100 to effectively reduce the use of higher value,

6



5from ot her fluids passing through the exchanger. [0032] Referring to FIGS.
2A- 2D, the exchanger 300 can take several fornms. Particularly, the
exchangerwBQ013gme92Be a reboil er 300A as depicted i n Fl GPCZAIS2@ 2084299 | er
300B as depicted in FIG 2B, a reboiler 300C as depicted in FIG 2C, or a
reboil er 300D as depicted in FIG 2D. Each of these reboilers 300A-D can
have three discrete tube bundles, as 10depicted, with an internal position
depicted by one or nore dashed lines. [0033] Referring to FIG 2A, the
reboi |l er 300A can include one or nore nozzles 304 and one or nore U-tubes
306. Al t hdad hstingmesditing Sudoy heat éragidgrioch kigh temeriuiestean olyeliclafired Heapirct ed,

it shoul d f&‘%é‘é‘éﬁ@faﬁ&%‘ﬂe@@féﬁ be?Eu%{ef I(egglﬁ}[' g&ﬁh@alﬁﬁgﬁ g, Q09 16+ Ul 306 are

nunmbered so as"to not un rawm reover, only sone of
t he Ut ubescr@@yambodigpnict sdgli Hatd-meung Iser@iCh beat bkCﬂlel@sutﬁ'a@ngahEo dbbector esent .

Li kew se, burrllcﬁ OE hgﬁtﬁntﬂ&%%e reSIIIQi Dé[”ﬁ% lel)yh a%lsc 5 e Pbec%ﬁougg]g%oll‘a?es tl%enﬁj 1 re nnI y

depi ct sore of’ Th ere can e a first
sect or5s 31(ﬁom/wthehfhlldslpadsengtm)ﬁglathde;aha@ﬂtIet 314, a second sector 318 with

an inlet d out | , ~and a third, sect r 324 th an inlet 326
and an’ oul083205 sedi bdias 7 2800 SebMRESh Mheuiter nal 'y

parti ti onedrticolad)Segdelicer 300 al b teBoitn domULd @pﬁ:teaSn Fralinaah edoidy t he
dashed | i In this lary ¢ nment, the es 3 4 ar ori ent at ed
subst ant i Qﬁf@%&pﬁm ﬁ(ﬁ b%aﬁggﬁgéﬁ% dgpigted 1155@@22%0{% 1?)6‘1 nt on
the arc waepieedin FTIGE2D aE&dhﬂﬂ tﬁe@é fwéﬂ'brsl hE)App ichit h38 ehreLmicéte afioe bRl xshanger
bi sects an i.nlet m sh | et or an qutlet pie- shape e.g.

out | ef© 314lepigled.yi dntf:%lrﬁoaméﬁ%pwtfﬂ%%ow@rq@ﬂsheéial@ﬁssector 310, 318, and

324 can d¢6o88] am@erntm Fo6. 2%Z%fé&'el%&ie%(ﬁﬂpéa%ﬁc@ud%néWmﬁ@%kzlé‘s%@ﬂd arc, as
viewed from an end he reboil er 300A. Generally, each sector 310, 318,

and 324 s@ppermercd/- H‘P@S&Oét Altbeughsix nogples Hlirfat dopictddznd awg U-wibes aje

i ndependent 1¥ted ds‘ilBﬁG‘Béﬁncﬁe}é’t&ﬁ%atAﬁl e FEBIH08 an@oly Q48R S06 Lulé'nqm%@@%ent er
the inlet exit the outl et 3X4 of the first sector 310. |

i nst ance, sea&:ﬂq n@émdcgl‘y cButEr thg gwing dMeRgvareplyconteail thedi-obeei aradapidadnd| es
d i | I I first
ana cad g%ﬁ@%ﬁ ofhef @%@%’gh{aﬁglsgbgéﬂe gf’%?‘\%é lﬂ?enc;tl?efr?%% a4 E&a?% 1rs

al kyl ati uent 1 e secon on e uent 14 nd the third
al kyl at i oningfefly nemberéGandasaydeyy deped some ¢t Udubes[ 0035] Referring to FIG

2B, the e ry.reboiler 300B is . depi aII e reboiler 300B
can i ncl uggaghg yrherrr%oéer(r?’oog ey %ﬂeag{:‘?gsoeﬁgor%&mre fﬁi 319 d:'i% t]‘fih
nozzl es 3344,cancdnd s@:lt@)\BllSl@ﬂthah irawze and abdtﬂet(BQQﬁdﬂdaltthlﬂhsebmr szrp\pmli in pi pi ng

?zgt té_(r)] Cgl | @Wﬁggggd {1)1{_%1”1%{) e%g&%s%&t‘oggir?dgg 819d bC%}l g {nte?fr?'aqp partltlonecf to

20  segregate the inlets and outlets as indicated by the dashed lines. In this exemplary
embodiment, the nozzles 304 are orientated substantially perpendicular to a tangent line
passing through a point on the arc where a line passing through the point and center of the
exchanger bisects an inlet pie-shape, e.g., inlet 312, or an outlet pie-shape, e.g., outlet 314, as
viewed from an end. Dimensionally, each sector 310, 318, and 324 can define a portion of a

25 circle enclosed by two radii and an arc, as viewed from an end of the reboiler 300A.
Generally, each sector 310, 318, and 324 supports a discrete set of tube bundles that can
receive, independently, a process stream. As an example, a process fluid can enter the inlet
312 and exit the outlet 314 of the first sector 310. In this instance, each sector 310, 318, and
324 may contain discrete tube bundles and can receive a respective alkylation effluent,

30 namely the first alkylation effluent 124, the second alkylation effluent 144, and the third
alkylation effluent 164 as depicted in FIG. 1.



5 different orientation than the nozzles 304 of the reboiler 300A. In the
depi cted exanple, four of the nozzles 334 can be offset froma

per pendi cwbanimw2e3t angent | i ne passing through a poi nt pom/ush@2ase4inhere a
| i ne passing through the point and center of the exchanger bisects an inlet
pi e-shape, e.g., inlet 342, or an outlet pie-shape, e.g., outlet 344. Sone
of the nozzles 334, in this case two nozzles, can be orientated the sane as
the nozzl es 304 of the reboiler 300A. 10The reboil er 300B, can have a first
sector 340 having an inlet 342 and an outlet 344, a second sector 350

havi ng an[P988l 3JIBferawgitoditGolR, Itk exgBplaryanabbiker 3MiBrid deppesedbrGRedldbe ng an

ot et 302 AR B0 AL ALAOs RGPSl Lk BRRA s Fhayrenol | er

300B can recelve e uents sim as there ] Referring
to FIG 2@ozAds834 eduﬂvelmowmamamtabicbldmmtionw opperopipingead foedlo@Z4scarid 150ne

or nore U_ngamq%na{lce dlgmilestlhe reb lert380]§ th t}{%qussltaggés séjr? ngr theb Sozzlaesb ?P/ép Cannoh ta nozzl es

374 are orien i"ous "angl e 19" al Fow ease of
mai nt ehandéferdoh eri¢redon ltlen tlﬁﬂﬁfz‘zlemmfcxf ttlm rabcnlenmé)m rIn dlecjepmteti axanipgdgifam 380
havi ng an i irst se arcuat e, se msnt 390

| et 38 nd an out
naving an of e GbeAi 5 2 bRttt « Banen Rl LR SR S e RAE Dot
400 havi ngnait dréWwidre 4 Uide pacing thr@igh ltietpodfd4nd &ter 0Cthe Vﬁihyngeh&sédtsl’ #tinland
second sem - 20arcua gnents. 390 and 400, e entrl i r.cul ar
regi on 38(91 ' P% 88:71“&%&22&6 PR QUUSE PIEISAYL, 8. W@hg‘ﬁ‘ fgo eé‘H%Fl?ﬁF’%f‘ He
reboil er 3Q0&ase RNRIZAkY, Yan bd&icaRRAEIY Jah@ af thic QLA 30$gfaaere%8@er 3904. the first
and second sem - arcuat e segnents 390 and 400 may each contain a discrete

t ube BundiTde sheilgaR0P e fﬂv@ a fprtspeter J40 dpying f“h%ﬂelt PHstnd a8 Qudetd44.2ri@candi r d
al kyl ati 0@6&&]:3'59%5‘\111%%@1121{]116‘[ j—%nd%ﬂgutie@454 2Rl Qﬁ@rﬁ]se%f%f) b8 IuplnE:'t §2 2D, the

exenpl ary reboil can include one or nore nozzles 414 and one or nore
U-t ubes 428d angaplst ¥4 ymilae theaplsilee0030 Oiheaehoilp®0Bgan gceive efflugdynent 420

havi ng an sinﬂla? 442 (aRdodporut | et 424, a second segment 430 having an inlet
432 and an outlet 434, and a third segnent 440 having an inlet 442 and an
out | et 4440088k h Reéyivignto FAGRC. 430 cbaler HHE qaamedisie ioneoanoranezzlesdparet ed from

the rest i nd of the
r eboi I%r %B%g}ﬁgg%&égsg%n?@%% tﬁ%%off{}féﬁ%@m&%ov\é&ﬁ a(lgrzl%?g?asrgr ete tube
bundl e andric@nted etosiive aaglﬁet@rmmdmmmag kyd tatallon et F memte,narrcarrﬁhqrebbl@r first

al kyl atio qu nt 124, t.he. s ation. t 14 hethlrd
al kyl ati o%&? uennf1 f%%bm foloic) iy Oﬁg@hw nglneégg 4 aélsoélﬂ?té’%o’lalf;rs 300A-D

provi des acmpadrtiatd s@gmdlté&c hariigedn ihiavd 92ging epantit 894 end Dsesondssemirerstiste and/ or
regi ons that aII t he recept.ion of thr arate bSprocess fluids into
hree di soravet ¥l BRABFS SOARRHBLYHELRE: EBRLTaF SR SaRE Se s et ng
t ubes2o i t asdnerdlsebnizats3dand400shd thatondaitris eliduBib kegidnB38 $na@ Ak nbentdnirid zed,
such as straight t uiti)fgé W th fﬁ%{}{éo% [1?8 %ge she nd a SUItab| :
partiti onédFeful’iVvHedd™ N6t G rebgifeh 31 Ca ashe ?Pé‘i‘i‘}tré“s‘“fcé‘ a?réﬁg&ny
exenpl ary 380dnirey fH& apd QébEPRmi-Arcany s@ghﬂeh@b,b@ amotm@rba&pcdmaﬁm dicrstdppor t
for pipi n% and ease of access during (% mai nt enance of the exchanger,
such as a whshgndlepnd can receive, respectlvely, the ﬁrs second, and third alkylation effluents 124,

144, and 164.

25 [0037] Referring to FIG. 2D, the exemplary reboiler 300D can include one or more

nozzles 414 and one or more U-tubes 416. Generally, the reboiler 300D can include a first

segment 420 having an inlet 422 and an outlet 424, a second segment 430 having an inlet 432

and an outlet 434, and a third segment 440 having an inlet 442 and an outlet 444. Each

segment 420, 430, or 440 can define an area separated from the rest of the circle by one or

30 two chords, as viewed at an end of the reboiler 300D. Each segment 420, 430, and 440 may

contain a discrete tube bundle and can receive a respective alkylation effluent, namely the



10l n many instances, the inlet tenperature conditions and the heat renoval
| oads are al nbst identical for the process streans passing through the
exchangerwoOAs13wed23 the partitioning of the bundle is egseniseakliogozivor equal
surface requirenments. [0039] The tube sheet can be segnented into sections,
segnents, or regions of approximately equal surface area and the nunber of
tubes. The cover of the exchanger can 15be simlarly partitioned to match
so the process streans nay be kept separated during introduction and
renoval froma bundle. Each partitioned portion of the exchanger can have
its own i rﬁtfﬁélalkalatlptaﬁﬂu@ité% fiegrse¢and efgiktion pfflaentdfdl apéthgrthird alkwdationhe i nt er nal
partition h partitioned portion is depicted by dashed lines in FIGS.
2A- D. [002 Ii'to m ni m ze heat transfer surface requirenents, the tubes can
be nodi fi ¢d038} h (Roslr é@h@nheiétheSBm@oﬂéreBO%I@emc‘éd@mtmrtitiSumxehﬂmgﬂcerrent s
can incl U(iilgwg nge gratengctgrs %nelenr%$ Ianci/or r%glonsn&la% ﬂgw g&?? on c?fqglleg Qra ous

| ayers. Procedu es and I neide ‘and/ o

out si d& aptacha fhll[d}! mibshrbeodimﬂete fube butgﬂqs ABh3ygh8he ﬁB% ardJBsc%sEdB@s, bk&l@,U-US

3,847,212, .and, US 2005/ 0145377 Al . Mbre he i de, and/ o t si de of
the tubes i oW e Berereng e i B0 IE GEST cenioR b AT AL BB s o7 osed
in, , wilh A1difdg Qbdstrachnta s@ibb]y0RitdAR) retudn heddr digedvegthetplaaaémiof and to
al | ow b0| ling at a {;r,uch cl oser, tenperat | ower. hot side

t

re approach for
i nl et and/f8f* %Eﬁd% Pee eé‘ﬁ‘B@P‘é‘{taﬁ‘fi&ay bI?J@EqVFgBF‘yanYtSH‘éﬁ’EWP&W@E 10 JOUASFYPPPT he

sheet di aﬂ&{]ﬁ[ﬁm% SndafseSiTRkLdesPourg SS¢. hintefandt Bf the &&hhitder, Shchers @fretoher. st ab- i n
bundl e and bund] e supportlgéstem requirements to mnimze capital costs and
€

to al Mdw thEapy metpRrgs.dhe iglesienperanirg eopditiony and fheheat emgeal 1e3date slnasbl um.
Usi ng t ubggnffal mel p%ce@u @%@ﬁasﬁiﬁ?ﬂl%u%ﬁ tl?é@x@%%@é’re Akuba, ﬁfe%@rﬂ'ﬂ@ﬁhg br ansfer

per formance. Al though three discrefe tube bundl 8s are disclosed, éxchangers
with mor e teundlefiy eseengplbcioaeqat spiacyaaicasnisan be utilized, such as four

discrete yoBSopungl . il00AHL LinaRe SRR YoRIERRUiTBRbns f St agger ed

arr angenernt tube es conpared to a flat arrangenent of tube bundl es
may provi dppraxigatsht @uahwrf&qemala@dntmfnumbarc@.tub&s e coxermppithe, cxplpppargan hr ee

separ af e %EQ&HQTIE%%E it& Qh's th%??oc@ THeddls gt{%%a%@@gatgkg%&in pace than

having the m at an a referably 30
- 60, 5w tiiradegpeend temqvmld‘rdnewblhnddn‘ Eahleparvilbor@dpemion ubee bmhdlhgscmltahet he

angl e deternm ne relativ 'ﬂ‘ bundlesunac
[ 0042] Thétsegnllrbﬁrgxwglql% e?ozirlrrltgm fefalat S r?itgm ep Si ct e nw f%ef’) m n| m ze

interfer elpamnbﬁdvmﬁmntlh&pmmyehsheﬂmhemnEI[(I}S' 2At—he f I anges of t he nozzl es

may be in [8bII-6Fr e[rg[minimize heat transfer surface requirements, the tubes can be modified with

20 surface heat transfer enhancements. Such enhancements can include one or more external
fins, internal ridges, and/or porous layers. Procedures for making fins, grooves and/or ridges
inside and/or outside a tube are disclosed in, e.g., US 2,181,927, US 3,559,437, US
3,847,212, and US 2005/0145377 Al. Moreover, the inside and/or outside of the tubes can
be coated, e.g., with a porous layer, such as that disclosed in, e.g., US 4,064,914 and US

25 5,091,075, to improve heat transfer and to allow boiling at a much closer temperature
approach for lower hot side inlet and/or outlet temperatures. Desirably, the bundles’ overall
tube sheet diameter is as small as possible to minimize the size of the stab-in bundle and
bundle support system requirements to minimize capital costs and to allow the fitting of a
stab-in reboiler into a fractionation column. Using tubes of smaller diameter can also

30  improve tube side heat transfer performance. Although three discrete tube bundles are

disclosed, exchangers with more than three discrete tube bundles can be utilized, such as four

discrete tube bundles.



pl anes. The thickness of the partitions and design of gaskets fitted to the
partitions can 10depend on the differential pressures of the exchanger.

[ 0043] Wwbaut3/doeaz8her el aboration, it is believed that pomasskiioBedsin t he
art can, using the preceding description, utilize the present invention to
its fullest extent. The preceding preferred specific enbodi nents are,
therefore, to be construed as nerely illustrative, and not limtative of

t he remai nder of the disclosure in any way whatsoever. 15[0044] In the
foregoing, all tenperatures are set forth in degrees Celsius and, all parts
and per ceh@@fdk dr endsremelaghembodimhens ¢ sepaedwryagimait ebubabuni®e45] From t he

foregoing, Qﬁgr Ed P 'f?a’i‘auéé@@m?xﬁ' tu%gbhdhlés%gﬂ;%w%aﬁ%m%%' 1¥1z%f§ﬁ%f% gLy the

essenti al acteristi I's Irnventi arti ng fromthe
spirit andssoepantlhdreog 1hrwnpmkelbvbumctbu9hglh@ngé® samdpllamdm&y @bt mores of the

i nvention éace aﬁ%\{m%the%n&ﬁé {u%gguHZC{i’eU%?\%%% 2P, Let) % enu%l %%8[’”?refe}:q%}l’p‘3[dvs60 1. A

process f3 uent from a
first al kyoshatrespactmthelevahd tiR) twpronter dlbagura:'llesemmme afold deemtninfed bymle second

al kyl ation 1Zane; wtt1 #ﬂ tt>hn§ first 5and second effluents are provided to an
exchanger "8IS HigPaPYIdla i SHMTUn zone. 2. The process according to
claim1l, foO4Rpr Thepidus inOglddrovidhhong aadbmctédimaﬁt}sumu) ﬁlrn@mza third

al kyl ati on Zﬁne tg t he xcha | aim1 or

er. Iﬁﬁ %‘ﬁOCGS}? accor di ng
2, wher ei MERECTSF BERER T npgieva PRytall b BRSNS R PR omaY B nifecits.
hydr ocar bonges. The tﬁa@lewc@@mr@@ﬁm@l RPgh 6f GkRddithd R pekifiohd@nONe or nore
C3- hydrocar bons con;pn ses pen
depend on the differential pressures of the exchanger.
[0043] Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. The preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.
15 [0044] In the foregoing, all temperatures are set forth in degrees Celsius and, all parts and
percentages are by weight, unless otherwise indicated.
[0045] From the foregoing description, one skilled in the art can easily ascertain the
essential characteristics of this invention and, without departing from the spirit and scope

thereof, can make various changes and modifications of the invention to adapt it to various

20  wusages and conditions.

10



15 5. The process according to claim2, further conprising providing the
first effluent to the second al kyl ation zone, the second effluent to the
third al kybDaviso2eene, and the third effluent to a fourPhTaiskgiasizen zone
after exiting the exchanger. 206. The process according to claim2, wherein
the first, second, and third effluents are provided to the exchanger for
internmedi ate reboiling of the fractionation zone. 7. The process according
to claim1 or 2, wherein the exchanger is a stab-in reboiler. 258. The
process according to claiml or 2, wherein the fractionation zone further
conpri ses GAIM&tionation colum for separating benzene from al kyl at ed
benzene. 9. The process according to claim8, wherein the al kyl ated benzene
conpri ses leumrefe@ro@esior athdatmgoemriswecording to claim?2 or 5, further
compri sing pass)ng §bfahbh Hh ofifEATm A HRYEEbLhLUgats through a cooling
zone before providing to, respectively, the Second &l yl ati on zone, the
third al kyl ati Bh zameyidiapd secohdeiflubntdiokyd stomwlaligdation zone; wherein the first

5  and second effluents are provided to an exchanger for reboiling a fractionation zone.

2. The process according to claim 1, further comprising providing a third effluent from a

third alkylation zone to the exchanger.

10 3. The process according to claim 1 or 2, wherein the process is for alkylating benzene

with one or more C3” hydrocarbons.

4, The process according to claim 3, wherein the one or more C3™ hydrocarbons

comprises propene.

15
5. The process according to claim 2, further comprising providing the first effluent to the
second alkylation zone, the second effluent to the third alkylation zone, and the third effluent
to a fourth alkylation zone after exiting the exchanger.

20 6. The process according to claim 2, wherein the first, second, and third effluents are
provided to the exchanger for intermediate reboiling of the fractionation zone.
7. The process according to claim 1 or 2, wherein the exchanger is a stab-in reboiler.

25 8. The process according to claim 1 or 2, wherein the fractionation zone further

comprises a fractionation column for separating benzene from alkylated benzene.

9. The process according to claim 8, wherein the alkylated benzene comprises cumene.

30 10. The process according to claim 2 or 5, further comprising passing the first, second,
and third effluents through a cooling zone before providing to, respectively, the second

alkylation zone, the third alkylation zone, and a fourth alkylation zone.
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