PROCESS FOR | NCREASI NG BENZENE AND TOLUENE PRODUCTI ON STATEMENT OF PRIORITY
[ 0001] This application clainms priority to U S. Application No. 13/416, 577
filed on Wbhrete/Q88128012, which clains priority to U S. ProvitscanmBi42s
Application No. 61/480,742, filed 5April 29, 2011. FIELD OF THE | NVENTI ON

[ 0002] The present invention relates to the process of enhancing the
production of aromatic conpounds. In particular the inprovenent and
enhancenent of aromatic conpounds such as benzene, toluene and xyl enes from
a naphtha feedstream 10BACKGROUND OF THE | NVENTI ON [ 0003] The reform ng of
pet r ol eum r awPREECEPS dGR IINCRREASRYO rBENAENE oehéld STRIOPERE REPHGTIRS u
products. One inportant process is the separation and upgradi ng of

hydr ocarbons for a notor fuel, such as producing a napht ha feedstream and
upgradi ng the octane val ue of strAgrRnaNit 68 pPRIORS pr oducti on of gasoli ne.
However, hydrocarbon feedstreans froma raw 15petrol eum source include the
prOdUPt'0@0961PSQE%H@EE%H&Q&MHB%%BHBQQ[ﬁs@%@n&ﬁ@nb@.Pﬁ@uﬁﬁ?@&%kmon of

pl astics, detergents and other products. [0004] The up radlng of gasoline

i s an i npdfargh?, 28k bcwkish claimy prigfitydo Erfe Rreyvisignal fprlice -$il#80.842. Aidgsht ha
feedstg eang, 6o 3¢y €ase the octane nunber have been presented in US Patents
3,729, 409; 3, 753,891; 3,767,568; 4,839,024; 4,882,040 and 5, 242,576. These
20processes involve a variety of neans to enhance octane nunber, and
particularly for enhancing t HEERPoREITRE dONERHIONf gasol i ne. [0005]
Processes include splitting feeds and operating several reformers using

di f f er ent [@@QAl y gihg progend fnvartion refpispivehapropass ebankneang the pradyssian ati di c

catal yst RdeUeh, Bo)L A%, REt nAOGAIENT AR Bha Bt bhkf catal ysts for

hi gher boil1ng poi roons. I nprovenents 1 nclude new
cat al yst s compoyndegehtebenzencliSlueat anltxyledcH7am @ 94dphtle, BABIr&GL and 7, 799, 729.
However, there are limts to the nethods and catal ysts presented in these

patents, and which can ent@idxSREOND EARNTHENGRBA$AEHN N costs.  SUMVARY OF
THE IN@ENTICN [ 0006] A procé%§§$gr |n%?ov?ngﬁ{he y?@ ds of aromatics froma

hydr ocarb d i: P NG ream for
S b0 SOQOSE ATt C 5 ARRERLE fow RARARE KA AL roBGRFRARBERERT,
f eedst r eansdfal paroduefso Ome impdrentgrectseis sherseffapativataed sparabmg of hiydrobarbds foret e

streamis ssed to a first fractiopation unjt to.create a |ljght. overhead
St 1 cam combRRafd e Bt dRbee Afh - M i G R PRy Tra
first fraakpamaiileprodictiorndf3asdineatesear,hgtifvoarBosfce@atnrahairdy passed to a

reformate splitter. Th eformate splitier separates the reformate stream
nto 2 r oPBIHRTE oy AR s tﬂ%ﬂtﬁﬁlﬂ%@ﬁ@* esh Do BRstr &8 U A 1 ef or mat e

bott ons sgpf@@m&lm[agtwsp@t@n@mﬂd lag@yib@auc?st omati cs. _ The r _ef or mat e
10overhead streamis passed to an aromatics extraction unit, to recover a

purified 3P0Qdk i dde ypgrading elosrpelingiisiy IMBOEHE PrOFCsAr BHNPOECMENtORRE r act i on

uni t al so GRRRER FDaghiAbdsBAR 5 idcRAM HOOREHuRBeTRvE Bl rilOReApOMRL I C
hydrocarbons. The raffinate streamis passed to the reformer to further

convert t RE Fromisal, G900 S, 76 584k oWH(7iX08. 4[30002; 4.882d18 aedrbadd. iéntThesche
process C%Poclegggg iﬂgoqvg%ﬁieﬂfgoftt&gnﬁ%%ﬂﬁﬁ@e gc%ﬁl%%hﬁl%m&dopaﬁicularly for

enhancing the aromatic content of gasoline.
[0005] Processes include splitting feeds and operating several reformers using different
catalysts, such as a monometallic catalyst or a non-acidic catalyst for lower boiling point
hydrocarbons and bi-metallic catalysts for higher boiling point hydrocarbons. Other

25 improvements include new catalysts, as presented in US Patents 4,677,094; 6,809,061 and
7,799,729. However, there are limits to the methods and catalysts presented in these patents,

and which can entail significant increases in costs.



15second fractionator prior to the reforner. The second fractionator splits
t he naphtha feedstreaminto a second overhead stream conprising C7 and

| i ght er hwororamkgins, and a second bottons stream conpr iPSITU$2@8/0a43d8 heavi er
hydr ocar bons. The second overhead streamis passed to the refornmer, and the
second bottons streamis passed to a second reforner that can be operated
at different reaction conditions, which generates a second 20reformate
stream The second reformate streamis passed to the refornmate splitter to
generate a refornmate splitter overhead. The refornmate splitter overhead is
passed to the aromatics extPAEMANY UPF (THED ISVENTEON purified aromatics
streamand a raffinate stream The raffinate streamis then passed back to
the first [P@O6]} nek process for jloPO8ihg Mrehyagldsalfjarsanagics ey amy digessbaridedapgani sat i ons

o e BT SAEl ST s BESRTEARIRRORIL, 5 AmRE SO 1 o

THE DRAW INESeds0ad@les pasging ¢helfeddstransto heofatma, tofcreateprrofoesse ftcrami. Ateeasi ng

aromatic yields from.a reformer with a.raffinate recycle; 0010]
B oures 5 Pt ¢ B SR E T P ot o B PRY Sy brds pibim & hapht ha
30f eedst ogkmpdidily iaght gdstd At drewsyml ¢ightachyiddhivgna TR ERA drat@fnafi¢runit [ 0011]
Figure 3 is a second process for  usi nq% a raffinate recycle with a
downst r el §1BiCHR POUGIBOTSY™ Erihirl iepasserdo arafpmat sphiedBe (rbimgeapif¥ast two
ref or ner s sWhatdles' R feFRALE sy Btea feRorihie oldrh&ld cHRPRIREES aftNdy AbRAIE] Figure
51is a process utilizing raffinate recycle with a series process flow of
t he hydr o@a¢ beroprsedems ttreerrromPETIAE CERNORSTRT Eymasies O ha o rmRZENT| ON
[ 0014}, The, BhER&REarh RVENEH R a%orgétfc:?E;Etﬁgmfrpudit%r@é’dv?ﬂa hlicy bRhflfcOf .
aromatics froma ydrocar bon feedstream 1In particular, the i nprovenent is
for a naphtréran ¢aemts ingdHrandiEraeomatios. t Fre drirelition ani elns gacetas efrafifingd straam
| ncrease tcgr% 1¥s|ieI 8(?‘[0058 f'liorn(—)qg‘r%ét?csn idrnoctrggns.cq"hg (r)afﬁaaté’ 98 is E@seedqgﬁepr 0Cess 1S
desi gned 0 OLI 1T z& a Singl e catalyst, rather than a Mmore expensi ve process
t hat i ncl uefesnand furthéreonadtethy sinsarof@td 54 ardhetidermand for aromati c conpounds
is increag) s the use of plastics and detergents increase. An inportant
hopect of WWAB7ERLT it TSt b R Gt e Eb A ER Fre e A Sitad ¢ Ror cas ng
the yhel dse®dhd aaamaith o PO RASmick OThCldEsn@Tac SRR SHRSthe Ghphi@nt | y, napht ha
boi l'i ng ra%nege hydr ocarbons are processed with reforners to increase the
aromat i cs RGHEBAINOPHPLONE AHCTBRASEPAERIPRIHING ‘Tt ABBCHuRED R A RS Ol i e,
or for inGLeasbittbntshGest BRhMists AEIAERKierhUEREoRNINX YdcENESerhEM S 1S
i nportant for the production ofg l astics, and in particular plastic
pr ecur sor strearchy pasehiartbocefasmer, aphibe brsend brsioms atiganuis @assed wrageetiidcs is the
20pr oduct i of oL &ACHE Sea LORAGLTORBE E5AML ISR A0, EY Qe the use
of recycle and rearrangenent of some of the equi’pnent used 1 n the process
of retor nirecfgrmamtnaphnhahé sedst reéamte Thenpis pevedbto tsrefnown splitteFiogueneate,
i ncl udes passing a.naphtha dstream 12 to a.reformer. 10, where a
ot of e e tarp i PAMRENGHR] SRR ErbadretLR PR dih 05882y o
first fraekirqfiad ifintowdate a4hrifiddudoaiatcsatrbarg bild Draefifaeattesh r Erimaltharnd a
bottons stream 24 are %{)%gptgg].? The first fractionation unit 20 can be a

| 1

debut ani z&feanyis thengasse first kforEr ef ore the 1ight overhead stream 24
conpri ses [6808]d dth@bREr NdiRERE BRNSpARdoBATER prentGRycNth Wildhkehe

hydr ocar bons and gases, resgectl vely. The bottons stream 24 is passed to a
r ef or At e 2BPATGK faethogakiflad ehgar @P’@rt%ﬁaﬁoﬂo‘ﬁ\?é dpfadd depqrpp 8l dMUngs. r ef or mat e
bottons stream 34 are generated. The reformate 30overhead stream 32

conprises C6 and C7 ar OmRUEC NP NEsN ¢ TRenpRAsVANTss t ol uene. The
[0009] Figure 1 is a schematic of a process for increasing aromatic yields from a reformer
with a raffinate recycle;
[0010] Figure 2 is the first process for increasing aromatic yields from a naphtha

30  feedstock with a raffinate recycle and adding a second reformer;

0.



reformate bottons stream 34 conprises C8 and heavi er aromati c conpounds.
The reformate overhead stream 32 is passed to an aromatics extraction unit
40, to gewenrat2o4ssipurified aromatics stream 42 conpri si RGTTS2@034378
aromati c conpounds, and a raffinate stream 44 conpri sing non-aronmatic

hydr ocar bon conpounds. The raffinate stream 44 is passed to the 5reforner
10. [0017] The aronmatics separation unit 40 can conprise different nethods
of separating aromatics froma hydrocarbon stream One industry standard is
t he Sul f ol aneTM process, which is an extractive distillation process
utilizing[QALLDI dngure disfageddnd peacessHprglsingrrpfiipate xecyele witba dofvnsireamat i cs. The
SquoIaneIQ%ﬁ%%pess is well known to those skilled in the art. 10[0018] The
use of the Sulfol aneTM process can | eave residual anounts of sul fur
conpounds [0012]e FHigird 4 isattkirdproeamusidgi@ least toomefornoayt altly siffinase geyvdrtalthey

subj ect t&xﬁo%soniggkby sul fur conmpounds and the feedstreans to the
reformer WTTCREES 9 be treated for removal of sulfur. The process further
conprises [Pa$s] NFidures tsaf frodead Rilising eafihAd rdcgelawhiil dk@ick pajcess fo, ofthter e a
hydrotreater effluent stream 52 with a reduced sulfur content is created.
The 15hydM3ieeAbuyPretesy WEA: stream 52 is passed to the reformer 10. [0019]
The napht ha feedstream can contain sonme sulfur, and will need to be treated
for sulfur renoval. TETEPEDhBESERUSIIONAOF IPHE anVieviesised to the
hydrotreater 50 prior to passing the naphtha feedstream 12 to the reforner
10. Wer e [0O &4 apit Paséit atlshticnamiitedtddSo infgatifgtht Richis by eioalatigats@i a 50, the
sane hydrotreater can be used for both the naphtha 20feedstream 12 and the
raf fi nat e ¥drogaspRatacdsiresey off PeRicular dicrimprpyeaend pbions Aehthe feqdatrsapr whosat e

over head 3z }%y@ro%@_bbﬁs ArOcRorinl@ tRREEAsE AR yiddd dffafimaRied fi RNCER cPRfea 1Hecond
portion 38. The first portion 36 is passed to the aromatics extraction unit
40, and t mewprsends grorenpble utidzq ssipgle eudyttoathpiethsnes Ppreexp@oive Prosey dsi ng of
a portion'&ﬁ<ﬁ?ﬁuﬁ1ﬂ9ﬁﬁ%&§ overhead 32 to the refornmer 20 allows for
control of the reaction 5 residence tine of the process streamin the

ref ormer 20013%he Theflonmidrgr sremetid @mpbordsli§ igbreemghy dreasapbgagics sdch as C6s,
yields betfer, resulds. Wi SHorLer conlagh,bieg Dot nesn dns, (88, and t he
cat al yst. fﬁﬁﬁTfl*ﬁe processi ng R MKE e N6t W? rocarbons to generate

ar omats cs ibaives agtthsing the hRids@f aromaes singrdhdsgrond cirkeat @bewiest Cyrrentlyi ch can

|l ead to cou ter-lntuitiég resglts. When ﬁgﬂéoc ssi ng .a hydrocar bon

f eedst r eafPEPFEedaIge X thorE DYl L REPEFer 8RBT AHY RrPYEfEC B AHPAUEY ences i n
the chem sbiityntOfrhislagn B fof BF@aMind VA GaMBAN S QBRANE BE for irctealifg tHIBAFHANt T O
under stand the conversion of the different paraffinic conpounds an

napht heni ©f BEVRRSutodsne endapydiat i 1dds is impsteaelor the Produstioad Plarficsyanditis i n t he
conver si o, AGEsstic PichiSork budhBs pASSHIRA ALBAE: SFBHAR s PAAlfdiaS:s jch as
C6s and C/s would convert nore easil’y than heavier paraffins, such as C8s
and h&avi erodugtiongddeterganiel t hat the reverse is true. This |leads to changes
inthe 5 Ssi - (0]
residence[g?ﬁéff?@Q?ﬁ%&ﬁggﬁ%ﬁéﬂggggg?%k e%ﬁ%gﬁgnﬁgg?%%%%“%ﬁﬁﬁgbﬁggicIe of

t he renmai mienguipydnocead nahspraédseof refocoing rinaphthdeediesint ethegranst, acshoenpounds.

[0022] As.presented herein, the, reforner i.§ a reactor that cap conprise a
orali oy RFRPET L R IGi e monbE Ty 2o G e FRGRt st aR RS

mul tipl e readi Dfisetsatyd. tThekefoltatsarp@ 1400pastidiao b five ArhdtdAatiohh@itneacti on is
endot herm ¢ and. heat negds to._be added to facilitate th%ﬁreagﬁion.-The

ref or fer AR bt pyrEicadetrsem 2rand @ PREYpETgam g dFehreitadn d hp figd agionaliat s

cat al yst anfbQOEad e REMEMSS, Sl RPNzt A8 ARtArY Ble 1RACLRIRELSRagUeam f | ow
fromone reactor bed to a sequential reactor bed wthin the refornmer. A

typi cal i seeppes CAand bghterdiydroparpeny apd gaset. of Raendlishie hydoeprpais apdigaryst and
t he proce : i r eact or
bed. For B DRy e R e Rt e A N T er
with the heeheadstrean 32 miderefdnmatp boit@rsstistm ddmcaederatad. al estformata sel ect ed
react of b%‘éethdeshe&nﬁ??%r{%%r}éEGC6 h002A], ﬁat?caéo‘iﬂp%%f{c%rorrb%ﬁz%{& ol §ACLQL 1S one
that perforns a hrg enperat ur e endot her m ¢ rca alytic reactron for the
cyclization and dehydrogenati on of hydrocarbons. This refornmer increases
the aromatics content of a naphtha fegdstreanl and generates a 20hydrogen
streamal so. In particular, the produftion of benzene, toluene and xyl enes.
[ 0024] Reformi ng catal ysts generally conprise a netal on a support. The
support can include a porous material, such as an inorganic oxide or a

nol ecul ar sieve, and a binder with a weight ratio from11:99 to 99:1. The
weight ratio is preferably from1:9 to 9:1. Inorganic oxides used for
support include, but are not limted to, alum na, magnesia, titania,
zirconia, 25chroma, zinc oxide, thoria, boria, ceramc, porcelain,

-,



carbide, clays, crystalline zeolitic alum nasilicates, and m xtures thereof
Porous materials and binders are known in the art and are not presented in
detai |l hewe.2oidhuassmet al s preferably are one or nore G oupCViuskomobi4es net al s,
and include platinum iridium rhodium and palladium Typically, the

catal yst contains an anmount of the metal fromO0.01%to 2% by 30wei ght,
based on the total weight of the catalyst. The catal yst can al so include a
pronoter elenment fromGoup II1A or Goup | VA These netals include
gallium germanium indium tin, thalliumand |ead. [0025] The reformng
process i sefarmeagmasiomp soeaesdt ¢ompries Glednidicmger@forprsic compenmds. abi reformieial | y
used for i I t | . T reform S conpri ses
i xi ng. 5a T al e b B AR R G on AR A0 U0 aBLBRREC gt he
resul ti ng astmagiasntwebm 42 zompfionhihendc@t abmstic coltpeundsf owlriratfinate actanosd convert s

paraffins and.napht henes. throu dehydr ogenat i nd cyclizatiqn 1o
SRR T T I O P R S
dehydrocyetfomasrilon of paraffins and ol efins yields aromatics. The usual
o o DN s R FoN e AU e BrTis eRCitr o2 For
reformer afgnditoMm4%yhbearbsh 288 k Bae WdhfnatRusl & heJulRarSupecQf, around
450 kPa (50 psig). And the normal tenperatures for operating the reformer

i s bet weeWhadgCaherdragngdistitiatiarmpdess, utiigng selfdane to fcpitase kigh pigtyendot her mi ¢,
and ther efuQhfibRGr dGAARATH Suflnk NOrbEROKRRI Wibkh (HOR JBEFH (at O the
inlet tenperature. e operating tenperature, therefore, is taken as the

i nl et 12 emi@OA8Lir &he aswbfttheSulbBing Rt mrodveticah deve residuslechotts phjudfer t he
tenperature of the cat t . and ocess streamw. || return.the tenperature
to the i neaPbreibD ATHRI B PR sitAb Byt Vit R Eeam t o
a subsequelturicempdails betthe fOD2GImsToehd @ fymbr widl noéd totbe tieatd fonadmoval sfeam 44
et ormer PUBerhE PGS FHELBRT At P b A i Ab BB 8T The
process Cahefell HyldRftrehtBCdfigat ithamUbseyit a thdell Phigur ceftet iBiréatedMT@EEI N t he
reformers use different operating conditions, including different possible
cat al ¥&t s hydrucashistcpeticam 48 IsgRoWA tq the Fﬁf@?}freél(?, includes the passing of
the Rapgt fr?oiQFdZ[glE %Qﬂﬂt&?feéc@tr@aﬁ%ﬁ%ﬁﬁaﬁﬁs&%& F\Qﬂ%@n@{@yilﬂ Redd t@ge &éaﬁéﬂ{ftbﬁg an
over head stream conprising a lig napht ha fraction, and a bottons
stream I64 SE@W&?m@ahﬁT@gélﬁb@yﬁg@ﬁmfhf Fendeetriapad tq“{;@éh}_’df@matqlié%gﬂ%do 2§S)f ractio 3
can inclu ﬂng r r rbons, an
t he heavyggsasp tt a Pr%gtl g{%recanﬁﬁﬁﬁleumlgg@h eal\llllllea? g%reo%{a%[gg%sl or C8
and heavi ercathy tradgdrdveatst S0THe sapehatrotongdr cadicastd onbaeth e mplpkad on t he

qual i off thttraeaf elezda%t rth%agtlﬁ%azlt atrrld o&%er vari abl es. The overhead stream 62 is
passed ' to ?eﬁ% Fef grer c10, "and the bottoms stream 64 is passed to a second
refornmer T0020herg afalseefEhiiodfrsnialicere folih&taoyof Reald $2 ¢4 it @b twbhpertddsacond
reformate stream i§ passed t.0 e reformate splitter 30. 0028] When
operat i ng fmgowagé@ﬁwft‘wip%e&% ?hﬁ%ﬁwgﬁwé? i 06 sputedimer 10 is
pref er abl ¥x@RE6RLA4RLNEHhBLGORS pdrBHPE RiphNsEd toWhektrei0e e hadingRes at i on
tenperature is at |east 540C. and a nore preferred operating tenperature of

at | east Bewien ofthe refermetrovicEat frto throrefoamed) algwp & santeal ohde Fragiiong

tenpesat ung;@scd i §ihSirobRE QFRlin R reHANE B! ThereRRAGEIRM RRGEAES O
tenperature for the second reforner is at a | ower tenperature, Or a

t enper at uhgdioessbons hraiph S40E, yiTidebaee teadtsrvafhohoeer cpithdt ties betwednthngoheavi er
paraffinsagyﬁegggp&henic conpounds, and the operating conditions are for a
| ess severe enpe?ature, hi gher pressure, and | onger contact tinmes than the
first ref @@21] 1dhe pheedingwf e andinteiod hgdrocacionsl® gndihiSWrdnmtithennraquire af rom 0. 1
hfl to 10 hfl n .preferred. WHSV..i.n the range from.100.75 hr-1 to 3

e 1. °p oodetersRE R uRyRl A BFnise Hhif Fooh i S Eick B o0y Pfred i o
severgd ppHELESERS. hydRearBsOReGHc{mthd REI:GaHH RGcHirAB@IIth& avatigebf on from a
napht ha feedstreamis presented in Figure 3. The naphtha feedstream 102 is
passed t o dffarsreeyintherchemisty eh e diffrsgnt ?)édr%ﬁéaoafe@p%mé- ftily WRPOERRL F r eact i on
conditions, and generates a first refornmer effluent stream 112. The

ef fluent 15stream 112 is passed to a fractionator 120 to separate the

ef fluent stream 112 into a |ight gas'éfrean1122 and a bottons stream 124.
The |ight gas stream conprises C4 and |lighter gases, or C5 and |ighter
gases, when the fractionator is a debutanizer or a depentanizer
respectively. The bottons stream 124 conprises aromati cs and heavi er

hydr ocar bon conpounds. [0030] The fractionator bottonms stream 124 is passed
to areformate splitter 130, where



20t he bottons stream 124 is split into an overhead stream 132 conpri si ng

| i ghter aromatics, and a bottons stream 134 conprising heavier aronatics
and heaviwo 2peyiagfions. The |ighter aromatics are C6 to EBTAISQMMRIBLI28
conpounds and preferably C6 and C7 aromati c conpounds. The heavi er
aromatics include C9 and heavier aromatics. The reformate overhead stream
132 is passed to an aromatics extraction unit 140 to generate a purified
aromatics product stream 25 142 and a raffinate stream 144. The raffinate
stream 144 is passed to a second reformer 170, which is operated at a
second setungfrstprsifthe enersion ntithe ddfescnt pareftigsrromapwxls andseapbihanie edropawpds

ef fl uent ) e ed to
the fract oHIERes 5o b B A e B ool SN RS B BRRETS, ey
170. The slextendler piraffimesudi7l Gos abdhiC3s wpowdd eswet ontd Guilyathholeavsr preaf@nal | y

o ot | cs ISI At PFIRHEE 146 et et LT o <4 i SFRRG BEmpounds

to thes rafpidcoling floiw Faie tkfttha TaEst6Rf QRS a RavleAleyidbfe AR fSEtAShdphihe t 0 sul fur
conpounds %nd the process can jnclude a hy gkﬁpreater 150 for rennving
resi dual <eRdrtek @&Fﬁ&%ﬁﬁ%{san dprecyeigrof hrdpraaiging xdrrrabqps derdeqoyeringdhe

hydr ot r eatyglircd afntefc 0&HSSAIE a reduced sul fur raffinate stream 152. The
reduced sul fur raffinate stream 152 is passed to the second refornmer 170,
and the sd@83al r fsoverertephaseinshe eiragims 3 7eactos thshepaegmppseraduektyof i onat or
120. 5[ 00 p 102 to
2 hydrot 1 2ot DB e LR, B T R R R S8 e 11 1 o
r ef or mer Di@w1ﬁhn®ngéMEw®mE®l@eméﬂunemasmh@mnmﬂapﬁmhddﬂbeﬁyﬂn@aﬂwloz When
a hydrotrea Q. is.used for. t.r he napht ha..feedstr an1102 the
a1 nat o QEp ARSI S in LS R oo SO R s PR B SR R

hydr ot r eataad/oethé proesst sﬁéarmnhep@mdaﬂdq)rbd&es smefuﬁ ifioerfrabd One r&ﬂ:[tcﬁ(lb%]o dAnot her
enbodi ment of the Erocess f.or rec clln ? ag nat e. st n1|n | udes
splitti ng SEHE AL EREPF Rty i ‘rhﬁée e&r Ca e %“I&ef‘tﬁ Pig" eﬁ%t bedst ream
to the refheitiBss tirlch@Wst dnh hdPrOeeSSicnd aoft pasla@s fibrh bRy RRdtorfiReesadotedi f f er ent
reformers and using different catalysts in each of the reforners, as well
as opét at I"#§of el dior h@hb{ﬁpdqtéqr@ﬂ%?%w% dherbed wHidprsho be smaller Motidhe 15[ 0034]
Ref or mi ng peatRkyshimhg YRNRERLS s)fregrﬁ R4 ba?tﬁyﬁ 1B cRctc@ReaRio? H&pﬁ‘lf& tempB@ruSUPPOTr t

can include a porous nmaterial, such as” an inorgani c oxide or a nol ecul ar

si eve, and0@28] ndepartigulds rﬁomn@mct@razs pee thptaerfomea high gowgraturhe wei ght rati o
is prefer i Lhg 1 ncl ude,
bt ar e oo RS oo B ARG o O e T 21 e
oxi de, t hEmlsaﬁfobmrmac,reasarthmromamrcomblalotﬁa n:lqmlthalfbﬂlﬁtrcsam amhgensnates ea- al um na,
silic 2 rb|d ine, ze nlnaS| cates, and

i xt ol Priper Teah B R A B BRI AT BAE e £t ar e
not presenoe24] n Ritiraidg daangts giheallyedoalpsisgod @Er @l yuppsre Ili’e%upp’ortmaﬁe G oup
VII1 noble netals, and i.nclude platinum jridiu rhodi um  and paIIadlun1
Typi cal |y, "qHls 2p8feur peterigh e e BATEANE GE B S PRECHERAV G APHBTSE o 206 by

wei ght,  baseeefbient ORI e, giHe vRfight i GAtratewbly: frobh €.9¢abal Yisdreman al so

i ncl ude a pronnter 25el enment from Goup II11'A or oup I VA. These netal s

i ncl ude g&Kidpugsed fasvrpertargludenit arpnot fimited tegd pminm IR Agnia Biod8le, Wien
Sp"tEéngchﬂﬁnJ%§£o§ﬂgtHﬁthnﬁﬂE&ﬁﬁﬁﬁ&x&ﬁ%@hﬁéﬁé mﬁmfﬁﬁ@tﬁ&ﬂﬂﬁhﬁk@g heavi er
hydr ocar bon conponents W || generally use a standard style reform ng

cat al yst agrbdlesdwnisbapstalbenasolit dlirgineslicafes cd crxtutes éheeeof. ofprawindatetalnon- aci d
catal yst. Ci t h ht henes,
and cyol | 10 BRASYERh APl RO ARG MR Ao A LER XL AORRRGrbeNp ]
process |anaﬁm$hmwm(ﬁmmFN@mndﬂénmandMMnmﬂwﬂﬂﬁmmamsnﬂgmarmﬁmhmhmdfeedstream

202 to a first fr ion. unit 200 rate m 204

navi ng i gristhyhr DEisTBb: Rt o BE TS utluim Ohadt R B

hydr og@r barssht, bagdfohlisd ol weigha o2@# catlypasHedatigst@ah bIkS inclugé Opisafote2 10 and
generates a first reforner effluent stream 212. The second stream 206 5is
passed to a second reformer 220 and generates a second reforner effluent
stream 222. The first reforner effluent stream 212 and the second reforner
effluent stream 222 are passed to a I%ght hydr ocarbon fractionation unit
240. The light hydrocarbon fractionati"on unit 240. The fractionation unit
240 separates out |ight gases, including |light hydrocarbons in the C4-
range, or C5- range, and passes them out as an overhead stream 242. The
fractionation unit 10240 al so generates a bottons stream 244 conpri sing
reformate and passes the reformate to a reformate splitter 250. The
reformate splitter 250 generates an overhead stream 252 conprising C6 and
C7 aronatlcs and a bottons strean1254 conpr|5|ng CB+ aronatlcs and heaV|er

o o Y T N " o v o T



15The raffinate stream 264 is passed to the first reforner 210 to generate
nore C6 and C7 aronmatics. [0037] The light hydrocarbon fractionation unit
240 can beoaotefastiani zer or depentani zer. The choi ce i sPconseabkioad2dy
operating conditions, and the extent to which the refornmers 210, 220
generate butane and pentane. 20[0038] The raffinate stream 264 can be
passed to a hydrotreater 270 to generate a reduced sul fur raffinate stream
272, with the reduced sulfur raffinate stream 272 passed to the first
reformer 210. [0039] The process of splitting the naphtha feedstream can be
furt her r efemsadireny Grapdllady dnmowgd Aof Thekremetpls nzpfuda galtiomdgaringmsmi indiume
reformers.. The..dif t operating conditions in 25addition to
tenperatupgggﬁggggég%gg, and WHSVs, can also include different catal ysts as
descri bed [@028F. ThoofoimidnpbEms issymomimoh@ewtewiit henrefyied & pdeslegn, and ishown i n
Figure 5. Th rocess includes splifti a.hapht ha feedstream 302 into a

1 ght by oy BRET Peiinsdh Indo s en e B ST gR e | ght
hydr ocsir bantrédni e@dHZn i PRLISRADLO mikthiicasd cénticangme radilling Schhtwiieavy

hydr ocar bon stream 306 _j s Passed to a second reforner 320, which generates
a’ second rEPEHRBFIAYTY (RHICTEMIEAFACE9PCONTHE NI UG AFRIAREFS 8FUBent stream

322 is pagsRrdRnatiol@nd tychlatiof tPirORALR1he JdMSdlobémtion &f RFMBIs 3 Qicaener at es
a first reformer effluent stream 312. The first reforner effluent stream
312 i s paokdastapd Hy dahsinecytlestienefmatafingand alefinguigldywtematics. dbe pfuakd | i ght
aromati cs : j P : .C1 | Qiod A

Gener at os o ey R AT T B O Mo e
310. 5 004tiling heinf ¢f206°G. N @makepestiiy pemtures foreanioBld acafnorh 846G ket at@d t o

reduce the flow to.the aronatjcs i on uni 0 by renovi i ght ends
L beavy Kk A a Pt REONR b G RASDRER LD HY, At nfhind RERALRR0 8"
passed t o0 ogerhiiigthe Reydmeciabborer 4 HEC badhHMOPONGeirdlly 330 rafhrindie gocdsps of f a

the o1 °t o ot FEGos RGPt CRYAOELR oty B GROHIN a2D gener at s

a bot t ons tGhpeemire 320 ddvhing Fenipsrapas SRGefbR, R tdkeh & B idet Sdphictdr@t, addthe The
reformate splitter 330 generates a light reformate overhead stream 332
conpr 1%i ngteiPgthicateroirad fodaisahg teamnseiwy of be staRttand BiorshBirem Bl fetgny

conpri si NGy EAYHa@FcQT B ifISt terhPGattcBEord SisAh AL RN NEBFHcSLEAM 332 1S
passed to the aromatics extraction unit 340 where'the purified aromatics
st r eam 342ulsequenioydqrddd- [ 0042] The reformate splitter 330 can be operated

to genera i ti 4 Si C6 to C8
aromaticsf[Sg?6 rgﬁ%F%gﬁgﬁégﬁgﬁgﬁgégg%%ﬁﬁ%ﬁ%@%%aﬁghﬁgﬁg&ﬁ%¥Pgﬁéﬁg?ﬁean1334
conpri si ngealdt; aamehas inceeasing thp reédrercateimpe@Brresao emmpeiagsesagnchtdyelzani S60C.

hydr ocar b 0043]. . The light hydrocarbaon.fractiopation uni.t 320 can be
oer atba 10037 o e bt s BPhe A GaBE AR L R R R Eonar 11 one
w || depenefoterd e diffegdit opersting@anditehs Zdélndiag tidfeadint puisibRichtafyed03d 2
conposition and the need.tQ maintain appropri fl ondi tions. [0044]
The ref or KEPLITEY; a536VR} lgﬁs@awgladeéttf%@aﬁ%% b wohl Grdi Pane

condi ti ongecondl filctioR@idni vnfit60 cREGEIEN 0v3dRaditRhRIARbMp RS ALi@f nahtR
tenperature of at |east 560C. The first reformer 310 reaction conditions

i ncl ude a fiPFtio andenfpsipre HF @Myt emerising ahca Waaphibplsrcionr Bhedieht prphdiécond

ref or BB $3Bion R ifeha® 8 ALTE Ay BN RlTQnRSoRRA AlEtods, fd BVeT
pressure than 25the second reforrner 320, and mnt% shorter residence tines
for the rdetwanplgha re04sFanmihdugy Gtasidiceder lydwoarborsl an§& aad hgeadreot r eat er 350
for treatin raffi . St 4 T ted.r I r 352,
naving a rodasagprsarbe PRbE P AR o iy arftRy b 'Rl Loy PRUFeBhiBa o3 o

| n addi t i orher earhplds.oTheeatdracaralié? isgdsctldo the ecfornich ¢0,rap Htchhattbreedshmeam 302

when there are residual sulfur conpounds that. need to . removed, before
bassi ng. 1 A st RAs SorubRbr e SRS Aot R b 1 Rt e

2012/ 34188 1eY36d rdilvdAk2t034 428 a4 @] thd hgorifa@GpRterdBs tested wi th bench scale
proof of principle tests, and sinulations for commercial |evel production
of aromatics. Table 1 presents the results of the selectivity enhancenents
resulting fromthe addition of recycle of the raffinate stream Table 1 -
Sel ectivity enhancenent 6



Case\selectivity %% A6-A 1 1+ A6-Al0 A7- Al0 All+ Base case, A, Cr7- 70.7 64.1
58.2 6.6 Base case, B, C8- 70.6 64.1 58.1 6.5 C, dC5 and recycle 77.5 70.9
63.2 6.6 WP 200548§I0ac, recycle 78.3 71.6 64.5 6.7 E, dCecTifusaei2/osaeycl e
78.4 71.8

[0028] When operating the process with a second reformer 70, the first reformer 10 is
preferably operated at a higher temperature, where a preferred operation temperature is at
least 540C. and a more preferred operating temperature of at least S60C. The second
reformer 70 can be operated at as high a temperature as the first reformer 10. However, a
5  preferred operation temperature for the second reformer is at a lower temperature, or a

temperature less than 540C. The second reformer will be receiving heavier paraffins and
naphthenic compounds, and the operating conditions are for a less severe temperature, higher
pressure, and longer contact times than the first reformer 10. The flow conditions include a
WHSYV in the range from 0.1 hr' to 10 hr™', and a preferred WHSV in the range from

10 0.75hr" to 3 hr'".
[0029] The recycling of the raffinate stream can be performed in several processes. One
process for increasing aromatics production from a naphtha feedstream is presented in Figure
3. The naphtha feedstream 102 is passed to a first reformer 110, that is operated at a first set
of reaction conditions, and generates a first reformer effluent stream 112. The effluent

15 stream 112 is passed to a fractionator 120 to separate the effluent stream 112 into a light gas
stream 122 and a bottoms stream 124. The light gas stream comprises C4 and lighter gases,
or C5 and lighter gases, when the fractionator is a debutanizer or a depentanizer respectively.
The bottoms stream 124 comprises aromatics and heavier hydrocarbon compounds.
[0030] The fractionator bottoms stream 124 is passed to a reformate splitter 130, where

20  the bottoms stream 124 is split into an overhead stream 132 comprising lighter aromatics, and
a bottoms stream 134 comprising heavier aromatics and heavier paraffins. The lighter
aromatics are C6 to C8 aromatic compounds and preferably C6 and C7 aromatic compounds.
The heavier aromatics include C9 and heavier aromatics. The reformate overhead stream 132
is passed to an aromatics extraction unit 140 to generate a purified aromatics product stream

25 142 and a raffinate stream 144. The raffinate stream 144 is passed to a second reformer 170,
which is operated at a second set of reforming conditions, and generates a second reformer
effluent stream 172. The second reformer effluent stream 172 is passed to the fractionator
120 to recover aromatics generated in the second reformer 170. The second reformer 170 in
this process configuration is generally operated at conditions similar to the first reformer 110.

30 [0031] The aromatics extraction unit 140 can impart some sulfur containing compounds

to the raffinate stream 144. The reformer catalysts are sensitive to sulfur compounds, and the
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64.6 6.6 5 [0047] Conparison of results for the process design shows the

I ncrease in aromatics production. The case are a base case, A Wwhere the

r ef or mat ewepbiesiogener at ed an over head of C7- aromati e€T/US20129844c8se, B
where the reformate splitter generated an overhead of C8- aronmatics; an

| nprove case, C, with a depentanizer, without the reformate splitter, and
l0raffinate recycle to the first refornmer; an inproved case, D, where the
reformate splitter generated an overhead of C8- aromatics, with a
depent ani zer, and raffinate recycle to a second reformer; and an inproved
case, E, wheres cahichudé ohydiptecaty(lPQ fos rengyimgrretidid! swfungamvands. dhe C8-
aromatics | , £l or mer .
o OTRL 00 0 Al 0H A e B R GRS B QR SRR e
15[ 0048] Thz Tk&aatddwtled;sulfubwfﬁlme szsmiln2 tsepassedlto ﬂbysembnd S6ridotPamaithd ns;
31.11% napht h and 12.22% aromat i dro to hydrocarbon ratio
in the ref%“i‘)ﬁ'&e Ola}ﬁgprfcﬁs SR ﬁhés l?aé?egﬁ?r@?g {Of)ggcpat ed at a pressure of
446 kPa (50082] gﬁheiifteegsaarainyﬁﬂe WRSIn@the aEpRKCleadstrEaR] @b alhyglotrbastilog a hi gh
density and hi gh vyied. %049 The rogg g tr nslates to a substanti al

i nor case PHOTHESISARR 149Pa fSSHUERBS 03 She A BRTmPRLI 0 AUBSEAFERSH mul at ed f or

a product i:QfcQf suﬁﬁﬂ[ﬁghﬂhﬁ: Fecticimao. emeﬁ)ﬁ hZROGQBRSs uddd BP8AKMA. WO
2012/ 148810PCT/ US2 /034428 Table 2 - Comrercial production increase

Case\ k MTAnaplshrefiepdsgeampi Q. thereffrnate é%eaml%wwb@wé;edmtl@thadr@tsﬁaéf)r 188, Wity | enes)
A9 AL0 Al ltﬁ'é @d?o@éat@r Stucht ;t@gm%assed to the reformer 110.

10 [0033] Another embodiment of the process for recycling the raffinate stream includes
splitting the feedstream to the reformers. The splitting of the feedstream to the reformers
allows the processing of the different feeds to different reformers and using different catalysts
in each of the reformers, as well as operating the different reformers under different
conditions.

15 [0034] Reforming catalysts generally comprise a metal on a support. The support can
include a porous material, such as an inorganic oxide or a molecular sieve, and a binder with
a weight ratio from 1:99 to 99:1. The weight ratio is preferably from 1:9 to 9:1. Inorganic
oxides used for support include, but are not limited to, alumina, magnesia, titania, zirconia,
chromia, zinc oxide, thoria, boria, ceramic, porcelain, bauxite, silica, silica-alumina, silicon

20 carbide, clays, crystalline zeolitic aluminasilicates, and mixtures thereof. Porous materials
and binders are known in the art and are not presented in detail here. The metals preferably
are one or more Group VIII noble metals, and include platinum, iridium, rhodium, and
palladium. Typically, the catalyst contains an amount of the metal from 0.01% to 2% by
weight, based on the total weight of the catalyst. The catalyst can also include a promoter

25 element from Group ITTA or Group IVA. These metals include gallium, germanium, indium,
tin, thallium and lead.

[0035] When splitting the feed and using different catalysts, a feed comprising heavier
hydrocarbon components will generally use a standard style reforming catalyst as described
above. A lighter feed can use a low acid or non-acid catalyst. The low acid or non-acid

30 catalyst can dehydrogenate naphthenes, and cyclize the lighter paraffins with minimal

cracking,



186.6 161 122.3 70.82 B 764.7 64.5 160.7 188.1 161 122.3 70.8 C 842.6 82.9
187.9 210.3 165.4 124.1 72 D 851.5 77.7 194.9 214.4 167.6 124.5 72.5
WO 2012/148810 PCT/US2012/034428

[0036] The process is as shown in Figure 4, and includes passing a naphtha feedstream
202 to a first fractionation unit 200, to generate a first stream 204 having light hydrocarbons
and a second stream 206 having heavier hydrocarbons. The first stream 204 is passed to a
first reformer 210 and generates a first reformer effluent stream 212. The second stream 206
5  is passed to a second reformer 220 and generates a second reformer effluent stream 222. The
first reformer effluent stream 212 and the second reformer effluent stream 222 are passed to a
light hydrocarbon fractionation unit 240. The light hydrocarbon fractionation unit 240. The
fractionation unit 240 separates out light gases, including light hydrocarbons in the C4-
range, or C5- range, and passes them out as an overhead stream 242. The fractionation unit

10 240 also generates a bottoms stream 244 comprising reformate and passes the reformate to a
reformate splitter 250. The reformate splitter 250 generates an overhead stream 252
comprising C6 and C7 aromatics, and a bottoms stream 254 comprising C8+ aromatics and
heavier compounds. The reformate overhead stream 252 is passed to an aromatics
purification unit 260 to generate a purified aromatics stream 262, and a raffinate stream 264.

15 The raffinate stream 264 is passed to the first reformer 210 to generate more C6 and C7
aromatics.

[0037] The light hydrocarbon fractionation unit 240 can be a debutanizer or depentanizer.
The choice is controlled by operating conditions, and the extent to which the reformers 210,
220 generate butane and pentane.

20 [0038] The raffinate stream 264 can be passed to a hydrotreater 270 to generate a reduced
sulfur raffinate stream 272, with the reduced sulfur raffinate stream 272 passed to the first
reformer 210.

[0039] The process of splitting the naphtha feedstream can be further refined to take
advantage of the operating conditions in the reformers. The different operating conditions in

25 addition to temperatures, pressures, and WHSVs, can also include different catalysts as

described above.
[0040] Another split feed with recycle design is shown in Figure 5. The process includes
splitting a naphtha feedstream 302 into a light hydrocarbon stream 304 and a heavy
hydrocarbon stream 306. The light hydrocarbon stream 304 is passed to a first reformer 310.

30  The heavy hydrocarbon stream 306 is passed to a second reformer 320, which generates a

second reformer effluent stream 322. The second reformer effluent stream 322 is passed to

-9 .



E 852.8 78.1 195.3 214.7 167.7 124.5 72.5 [0050] The results of recycle
show a significant increase in the yields with respect to the base cases.
The i ncresoas12anssial so primarily aromatics in the C6 toPC8/uUsangm3wrs h much
5smal | er increases in higher aromatics. This nmethod provides for increasing
the yields without a significant increase in | esser desired by-products.

[ 0051] The sane set of exanples were run with inlet tenperatures to the
reformer set to 560C (1040F). Sinmulations were perforned for testing the
effect of an increase in the inlet tenperature to the reforners. 10Table 3
- Sel ect i vha frstfreforer3d. Teaist efonmer Ho coBOCCalsist rsbrmentdfiyenystgnglAl | +

'?‘2' ¢1(6) SAZ he %rﬂéf&n%?éf?lu&ﬁ%t?ean& 125 f)aszéh' 8 aB8romab& SuretBRSfit SASEherBa OB~

purified light aromatics stream 342 is recovered. The aromatics extraction unit 340 generates
a raffinate stream 344, which is recycled to the first reformer 310.
5 [0041] The first reformer effluent stream 310 can be separated to reduce the flow to the

aromatics extraction unit 340 by removing light ends and heavy ends from the effluent stream
310. The effluent stream 310 is passed to a light hydrocarbon fractionation unit 320 which
strips off a light gas stream 322 comprising hydrogen, light gases and hydrocarbons in the C1
to C5 range. The light hydrocarbon fractionation unit 320 generates a bottoms stream 324

10  which is passed to a reformate splitter 330. The reformate splitter 330 generates a light
reformate overhead stream 332 comprising light aromatics and a heavy reformate bottoms
stream 334 comprising heavy aromatics. The light reformate overhead stream 332 is passed
to the aromatics extraction unit 340 where the purified aromatics stream 342 is recovered.
[0042] The reformate splitter 330 can be operated to generate a light aromatics overhead

15 stream 332 comprising C6 to C8 aromatics, or preferably C6 and C7 aromatics, with the
bottoms stream 334 comprising C9+ aromatics, or preferably C8+ aromatics and heavier
hydrocarbons.
[0043] The light hydrocarbon fractionation unit 320 can be operated to be a depentanizer
or a debutanizer. The operating conditions will depend on the light hydrocarbon

20 fractionation unit feed 312 composition and the need to maintain appropriate flow conditions.
[0044] The reformers 310, 320 are operated at different sets of reaction conditions, with
the first reformer 310 preferably operated at a temperature of at least S60C. The first
reformer 310 reaction conditions include a first temperature greater than the temperature of
the second reformer 320. The first reformer 310 can also be operated at a lower pressure than

25 the second reformer 320, and with shorter residence times for the reactants.
[0045] The process can also include a hydrotreater 350 for treating the raffinate stream
344. The treated raffinate stream 352, having a reduced sulfur content, is then passed to the
first reformer 310. In addition, a hydrotreater can be used to treat the naphtha feedstream 302
when there are residual sulfur compounds that need to be removed before passing the naphtha

30 feedstream 302 to the reformer 310.

- 10 -



61.9 6.5 C, dC5 and recycle 77.8 71.3 63.4 6.5 D, dC5, frac, recycle 78.9
72.2 64.5 6.7 E, dC4, frac, recycle 79.2 72.5 64.5 6.7 Table 4 -
Commer ci avopoxiggginon i ncrease at el evated inl et tenperaCurs2@asad4edviTA
aromatics Total aromatics A6 (benzene) A7 (toluene) A8 (xylenes A9 A10 Al
1+

[0046] The process was tested with bench scale proof of principle tests, and simulations
for commercial level production of aromatics. Table 1 presents the results of the selectivity

enhancements resulting from the addition of recycle of the raffinate stream.

Table 1 — Selectivity enhancement

Case\selectivity % A6-All+ A6-A10 A7-A10 All+
Base case, A, C7- 70.7 64.1 58.2 6.6
Base case, B, C8- 70.6 64.1 58.1 6.5
C, dC5 and recycle 77.5 70.9 63.2 6.6
D, dC5, frac, recycle 78.3 71.6 64.5 6.7
E, dC4, frac, recycle 78.4 71.8 64.6 6.6

[0047] Comparison of results for the process design shows the increase in aromatics
production. The case are a base case, A, where the reformate splitter generated an overhead
of C7- aromatics; a base case, B, where the reformate splitter generated an overhead of C8-
aromatics; an improve case, C, with a depentanizer, without the reformate splitter, and

10 raffinate recycle to the first reformer; an improved case, D, where the reformate splitter
generated an overhead of C8- aromatics, with a depentanizer, and raffinate recycle to a
second reformer; and an improved case, E, where the reformate splitter generated an
overhead of C8- aromatics, with a debutanizer, and raffinate recycle to a second reformer.
All of the cases, A-E, were run with an inlet temperature of 540C (1004F).

15 [0048] The feed distribution was in percent by wt. 56.67% paraffins; 31.11% naphthenes;
and 12.22% aromatics. The hydrogen to hydrocarbon ratio in the reformers was 2.0, and the
reformers were operated at a pressure of 446 kPa (50 psig). The catalyst was a commercial
CCR catalyst having a high density and high yield.

[0049] The process translates to a substantial increase in the amount of aromatics

20  produced. The cases are simulated for a production of aromatics with a feed of 25000 BPSD,

or 1087 kMTA.
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) A 810.8 68.8 178.7 205.1 165 122.6 70.6 B 812.6 68.8 178.7 206.9 165
122.6 70.6 C 846 85.8 188.3 212.2
WO 2012/148810 PCT/US2012/034428

Table 2 — Commercial production increase

Case\kMTA | Total A6 A7 AR A9 Al0 All+
aromatics aromatics | (benzene) | (toluene) | (xylenes)

A 765.8 64.5 160.6 186.6 161 122.3 | 70.82
B 764.7 64.5 160.7 1388.1 161 122.3 ] 70.8
C 342.6 32.9 187.9 210.3 1654 | 124.1 | 72

D 851.5 77.7 194.9 214.4 167.6 | 124.5 | 72.5
E 352.8 78.1 195.3 214.7 167.7 [124.5 | 72.5

[0050] The results of recycle show a significant increase in the yields with respect to the
base cases. The increases are also primarily aromatics in the C6 to C8 range with much

5 smaller increases in higher aromatics. This method provides for increasing the yields without
a significant increase in lesser desired by-products.
[0051] The same set of examples were run with inlet temperatures to the reformer set to
560C (1040F). Simulations were performed for testing the effect of an increase in the inlet

temperature to the reformers.

10 Table 3 — Selectivity for inlet temperature at S60C
Case\selectivity % A6-All+ A6-Al10 A7-A10 All+
Base case, A, C7- 74.8 68.3 62 6.5
Base case, B, C8- 74.7 68.2 61.9 6.5
C, dC5 and recycle 77.8 71.3 63.4 6.5
D, dC5, frac, recycle 78.9 72.2 64.5 6.7
E, dC4, frac, recycle 79.2 72.5 64.5 6.7

Table 4 — Commercial production increase at elevated inlet temperature

Case\kMTA Total A6 A7 A8 A9 Al0 All+
aromatics aromatics | (benzene) | (toluene) | (xylenes

)
A 810.8 68.8 178.7 205.1 165 122.6 | 70.6
B 812.6 68.8 178.7 206.9 165 122.6 | 70.6
C 846 85.8 188.3 212.2 165.6 123.1 |71
D 857.9 84.1 194.7 213.9 167.3 1253 | 72.6
E 860.7 86.6 194.8 213.9 167.3 1253 | 72.6

15

[0052] The present invention provides for increased production of aromatics, and in

particular increased benzene and toluene, from a naphtha feedstream. The process of recycle
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165.6 123.1 71 D 857.9 84.1 194.7 213.9 167.3 125.3 72.6 E 860.7 86.6 194.8
213.9 167.3 125.3 72.6 15 [0052] The present invention provides for

i ncr easedwpnotuassion of aromatics, and in particul ar i neceased:z2benzene and
tol uene, from a naphtha feedstream The process of recycle and
repositioning the aromatics extraction unit relative to one or two
reformers generates as nuch as a 25% i ncrease in the benzene yields, and a
10% i ncrease in toluene yields. [0053] Wile the invention has been
described with what are presently considered the preferred enbodi nents, it
is to be undiespetibandng thapromatcsicrtration onit fetativoto ¢rierer tvedrefasmeny gertiraies a9s ed
5enbodi me 0 . COV V,ah s and
eqU|vaIeng&%Pﬁgaé%%%%:éwéﬁﬁﬁﬂgﬁgﬂéﬁFﬁﬁhﬁpﬁéﬁééﬁg%mggg 1&8@ lefeagded cl ai ns.
CLAI VE: [0053] While the invention has been described with what are presently con51dered the

preferred embodiments, it is to be understood that the invention is not limited to the disclosed
5  embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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1. A process for increasing aromatics production froma naphtha feedstream
conprising: passing the feedstreamto a reforner, thereby creating a

r ef or mat ewetznezamgsipassi ng the refornate streamto a fir CTfuSaeiodras i on
unit, thereby creating a |light 5overhead stream and a bottons stream
passing the bottons streamto a reformate splitter, thereby creating a
reformate overhead stream conprising C6 to C7 aromatics, and a reformate
bottons stream conprising C8+ aronmatics; passing the reformte overhead
streamto an aromatics extraction unit, thereby 10creating a purified
aromat i cs GtAIdM conprising C6 and C7 aromatics, and a raffinate stream
and passing the raffinate streamto the reforner. 2. The process of
cl ai m 1 wHerepracashior insfagsingaroingtieypeedatieeh faem a nprwpdeelsicam gmawisive: t han
15560C. 3. The_pt.- i rel fLr ctionation unit is a
debut ani zer. pg&gggi%?%%u%¥%%ggébﬁggéﬁgg%&%&ungﬁz%ﬁﬁ%ﬁ%&%%gét
fractionati on pabsihg the refothepesttecamita e first A@ctnatidneingr therebscrodtingladigm 1 f urt her

conpri si ng: ass t he naphtha feedstreamto a hydrotreater prior

t her eb cggg??ﬁﬁngﬂﬁQ%kgﬁﬁmF@8ﬁ§$¥ean1mﬁth a reduced sul fur content:

passi ng the rapfssingtie boitsiaasichd tb hefhaicaiplieal Bercby hHedtripy refofnrdtd Ng a
hydrotreater 25effluent stream and passing the hydrotreater effl uent

st r eam t o OVHEcAdSHEIREIMPIISERE Gre (ragpaties.3pd & Fpimate ReHeme SHEamROMPEFBE mer
conpri ses @&+Rkdhakity of reactor beds with interbed heat exchangers. 30 7

The process of claim1 further conprising; splitting the reformate overhead
streaminto a Pispigg thegefornenic aysshead stecapr i ap aiopjabes cxgagion ygititheseldyi r st porti on
Lo t NGo a7 QAL HhlaBB, Hlkch co BRIV 1L dblhadtos Pl lrh Bfla BLAURE C
streanlcon%%?s n% %% fo ¢ aronaf?c@%ﬂa da raf%?ngtg’stféanlaand 5passi ng
t he secondngportion to the reforner. 8. The process of claim1 further

conpri si ng: . Passi the n t ha.feedstreamto a second fractionator
prior to the rgS%P%%Ff”%ﬁg?gﬁ?nhBE%?F%Eng:second over head stream conpri sing
C7 and |ighter hydrocarbons and a second 10bottons stream conprising C8 and

heavi er hydrocar bons: passi the second overhead streamto the reforner;
o e BB Rl SR EnE ME el REPR0 S ST R i s areateb ot o Second

t enperat ursgped hereby creating a second reformate streanm and

3. The process of claim 1 wherein the first fractionation unit is a debutanizer.

4. The process of claim 1 wherein the first fractionation unit is a depentanizer.
20
5. The process of claim 1 further comprising:
passing the naphtha feedstream to a hydrotreater prior, thereby creating a naphtha
feedstream with a reduced sulfur content;
passing the raffinate stream to the hydrotreater, thereby creating a hydrotreater
25 effluent stream; and

passing the hydrotreater effluent stream to the reformer.
6. The process of claim 1 wherein the reformer comprises a plurality of reactor beds with

interbed heat exchangers.

30
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passi ng the second reformate streamto the reformate splitter. 15 9. The
process of claim1 further conprising: passi ng the naphtha feedstream
to a secowo 2hr2a@sgionat or prior to the reforner, therebyPcrasténgig2second
overhead stream conprising C7 and |ighter hydrocarbons and a second bottons
stream conpri sing C8 and heavi er hydrocarbons; 20passing the second
overhead streamto the reforner; passi ng the second bottons streamto
a second reforner operated at a second tenperature, thereby creating a
second reformate stream passing the second reformate streamto the

r ef or mat e 7s glh¢ progess ofglhint t funtgertdomprisihgr mat e over head streaminto a first

port i onand a. SSGANLPREhON o AREASTLNGOL N L3k PRI Qo ar omat ] cs

extraction uni creating ICS 'S m cohpri sing C6
to C7 aromati cpassiagdleairst@bftnonm mestotrrﬁaacq exa'adlopams;thgebmeasiegalpdnf@@irt ion to

the f t f 1. furt i :
SOoass! ny R SRRy T S R CT ot BT P 8P L e n | e

raffinate strepasingticheconebormior o tht hegsreldy, creating a reduced sul fur
raffinate stream and passing the reduced sulfur raffinate streamto the

ref or mer. . .
8. The process of claim 1 further comprising:

passing the naphtha feedstream to a second fractionator prior to the reformer, thereby
creating a second overhead stream comprising C7 and lighter hydrocarbons and a second
10  bottoms stream comprising C8 and heavier hydrocarbons;
passing the second overhead stream to the reformer;
passing the second bottoms stream to a second reformer operated at a second
temperature, thereby creating a second reformate stream; and
passing the second reformate stream to the reformate splitter.

15
9. The process of claim 1 further comprising:

passing the naphtha feedstream to a second fractionator prior to the reformer, thereby
creating a second overhead stream comprising C7 and lighter hydrocarbons and a second
bottoms stream comprising C8 and heavier hydrocarbons;
20 passing the second overhead stream to the reformer;
passing the second bottoms stream to a second reformer operated at a second
temperature, thereby creating a second reformate stream;
passing the second reformate stream to the reformate splitter;
splitting the reformate overhead stream into a first portion and a second portion;
25 passing the first portion to the aromatics extraction unit, thereby creating a purified
aromatics stream comprising C6 to C7 aromatics, and a raffinate stream; and

passing the second portion to the first reformer.

10. The process of claim 1 further comprising;
30 passing the raffinate stream to a hydrotreater prior to passing the raffinate stream to
the reformer, thereby creating a reduced sulfur raffinate stream; and

passing the reduced sulfur raffinate stream to the reformer.
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