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« CATALYST IN A FURNACE REACTOR 5 FI ELD OF THE | Nt | ENT) ON i a~m-¥4Jafe 56620002*
The present invention relates to catalytic reformning using a catal yst

conpri si ng WO 9%32580- aci di c, nonofunctional, |arge pore zeol i PETHRAP/270€ oup
VIIl metal having a | ow deactivation or fouling rate and high aromatics
yield. More particularly, the present invehtion pertains to use of such
catalyst in a gas or oil fired furnace. BACKGROUND OF THE | NVENTI ON 15

Ref orm ng enbraces sevZROLITHRLICATALYST INas FURNACERBAUTOR
i somerization, dehydroisonerization, cyclization and dehydrocyclization. In

the process of the present invention, aromatics are fornmed fr
.hydrocarbons to the reformng reaction zone, and dehydrocycli gmwﬂﬂﬂlﬁ"@mmmm
nost inportant reaction. U S. Patent No. 4,104,320 to Bernard an

disclosesghat it is possible to 20 25 dehydrocyclize paraffins to!'$¥8duce

,aromatics with high selectivity using a nonofunctional non-acidic
type-zeolite L catalyst. The zeolite L based catalyst in 320 haﬁm

exchangeabl e cations of which a@mmw l'ithium U’WWWW
rubi di um or cesium and contain ! VII'1 noble metal.{ak.
tin or gernmani um . ThdpRa&H: ifdh@én refftSlodatatytiea¥fonding! %ldﬁ&ﬂ%t@@ﬁ@dﬁﬁ'ggm

form L-zeolite exchanged with a rubidiumor cesiumsalt Wwere tlai
Bernard dfd Nungn-acidimeimiosvfinetionahtlarge pbieyzehlighand elGroup Willlyndtalhamingexdawe

conversi on to_ benzene. di scl osed.i,n the .Ber.nard, and Nur atent, the

zeo?/i teI Lis 4%?‘%%1@)?@&14{@??@5%% ?ﬂfﬁ‘%‘éﬁ%&gi S’Fﬂr‘F BF‘%C“%IS{)#‘F Peryent

usually not rmténidifrdicho fle mﬁcnﬁeatagﬁip@gg%f&ﬂﬁr%& ge.exchanged so
ep abl e

t hat ot her cations ace the exchang otassium 30 Later, a further
inportant step forward was disclosed in U S. Patent Nos. 4,434, 311,

4,435, 283; 4,447,316; and 4,517 nd_Hughes. The Buss and Hughes
patents describe catal ysts conp4  INVENTION exchanged with

an al kal i earth . ' L I ol ci v erably barium
cont ai ni r?ge WO 99@%5%%5%‘8%0@}' %ﬁg&ﬁi}scd%{?&em%r%&gﬁm Il netal s
(preferably pkéahefizatlonpdéchytiitgiomerization) chelization agl dediyicstlizatigRNinths. An

essential elenent in the catalyst is the alkaline earth netal. Especially
when the al kabrpegss of therpresenbinventiopaaromaticaarg formed) frorp sheplsed hydrecarbensite

L-zeolite, t o | yst re foun [ QVj: ven higher selectjvities

than the 5 conf EapBRBR SRR 2 BT AR GRS o001l Ml P BEifbidin od”
U S. Patent No. 4, G} paat NONEs6e4, 5n®id Bahadtand Nury 8Rtlebessha ik pBssiblatel and
Nury, and of Buss and Hughes, are all "non-acidic" and are referred to as

" nonof un@0 ordehydmcx¢lizstparaffimyto produse aramatics avith ghyselsctivity ssingae f or

formng aronmatics, vi.a dehydro | i zat i. of raftfins. 10 Havi i.scover ed
2 I ghty “sel drppautef GFRAEY st Bl BB Tk raitg bl st

Unf or t unat el y<320 Rad exéhangablelcaBosodavhibie 661682 90%herd sdiurh Sl difinh, \Hotaésium,
L-zeolite catal ysts did not achieve |l ong enough run length to nmake them

feasi bl e for mbulium orgesitmpt angd coptadmst heast eneSiropp iVéH mobits. metali(©61is 27
di scl oses the surprisi finding that ,if.the sul fur content. of. the.feed was
bauced to o BRI ohuoSsh fubbRls rapive Pate off poiaSSioit borkl 1 LEGTite

25  exchanged with a rubidium or cesium salt were claimed by Bernard and Nury to

S Y

achieve exceptionally high selectivity for n-hexane conversion to benzene. As
disclosed in the Bernard and Nury patent, the zeolite L is typically synthesized in the
potassium form. A portion, usually not more than 80%, of the potassium cations can
be exchanged so that other cations replace the exchangeable potassium.

30 Later, a further important step forward was disclosed in U.S. Patent
Nos. 4,434,311; 4,435,283; 4,447,316; and 4,517,306 to Buss and Hughes. The Buss
and Hughes patents describe catalysts comprising a large pore zeolite exchanged with

an alkaline earth metal (barium, strontium or calcium, preferably barium) containing



'15 in the past for catalysts especially sensitive to sulfur, that then | ong
run | engths coul d be achl}ved with the L-zeolite non-)ci dic catal yst.
Speci fi cal ] i s found that the concentration of sulfur j§

hydr ocar boﬂ)’qggésqwg the L-zeolite catal yst should be at ul trﬂé'prll%év%% g?%l S,
preferably |ess than 100 parts per billiog (ppb), nore preferably Iess than
50 ppb, to achieve inproved stability/activity for the catal yst used. 20 It
was al so found that zeolit

ref orm.ng catal ysts gre .surprisjingly
sensi tive to ODRET ProEs Sreup YVH! mstels (preferpbly tgﬁl@%ﬁi%ruﬁ?derw RIS on

condi ti ons. : £ . 0

deacti vati on\ﬁgﬁg{ef’:@g@p (i:lg’tgg'l 'ﬂi/‘fs?;é %@n{nﬁg@é rﬁg{t gﬁ’n;[}é%&h)ffﬁ _31([)1? %%gl,lﬁ%iﬁg‘n&fngl'her ein
i ncor por at ed Hypedigihewharcthe dikalihoeath el isbarinins and thrdageipove 2eplied iszeol ite L »
catal ysts to water and ways to mtigate the problem 25 U S. Patent No.
5, 382, 353 and--zgolbite, the ealystowens fouard 9proyigde gyenughsr sslectiyitieshiaptherr e herein

i ncor por aiged . dise _ i . . r cat al yst '
wherein the g§¥g{1’§§§fn§§ ﬁ%}ngg{:@a?gg(?ﬁhzféaﬁt%% Lél ?%"gsr‘gé‘?‘g%&gﬁ 62I’g'\/vfsgvtva er content
to thereby iy av®4i3re. stability of the catalyst, that is, to |ower the
deactivation rate of the catal yst under reform ng conditions. 30 During

comrer ci al i zat i on Tfesehigh selectivity epalysisraf Beamard pad Nury,tandof Bussianil Hughest he
ultra | ow sul fur,Level s,.caused t unpexpect ed.probl em o oki

oar bur i vat | ol TOrATE e bG8 S SRRt BBl d i asptyses
dusting of thee ﬁi?ﬁ&ts@recﬁ%?fﬁrﬁﬁ&%’ihbﬂfaﬁiz’s vidldeBy 6 QRIS dMAST pagaRasi tated the

use of special steéls and/or steels having protective |layers to prevent
coki ng, &@r buri zatHavingdiscoveredla highly iselectivelestalyss, egommaroiabizationsebmgdr s ar e

provi ded on the steel .surfaces at are.to be.,contagted wi th hydrocarbons
at process t FRBEHEr 9“'&335?’ tg‘l‘ VSO rcéf%rbggauﬁ_%ﬁ?ﬁggﬁh 5%6"6’(0‘/@00- 1150F.
For exanpl €, 1addife BAAYREbid et RISV 10ASedRBA ritd Rl ok el (RAR FsTH1&

furnace tubes of a catalytic reformer Operated at "ultra [ow sulfur [evels.
Thi s has ef f es¢ invezitalyticforming. Hé.St RatentdVo.ch&®6,525F distloses tixswprising fiadinpe
catai yst partjcl in the reactors. Wthout this protection, coke buildup
woul d have. r At Ba SHrFRTERLE @6%&5’%@5&’%@5 patowdayels peloyslesls used
shut down T i [ bl us
5. 74, 3750 14 L 13RO ERyeReSlebialp SEIR, WSEFba) enTolEiiRIgfiinSloutd U,
coatings, i nbeudhisged with drdi-zeudite néroagidie \catalyse.afpacificatly] i was fisundethatl the
dusting. In a preferred_enbodi nent Hegse et al., teach aprs){l ing atin
paint to a stcesenyation efsulfpr in the hydrgearbgn fesdhta the Lreealite gatalystsharldderat o
produce a car |

ni ckel st anniuggayioﬁh%gag’g{rggﬁ%m%nsg&%@ﬁ%’%}ﬂ d Si}igggﬁipbﬁmn%ﬂ%:@é@%ﬂy;ﬁs”s and

tenperat ure, thavs(Eppy, W achivde iiproved stabiliyFh@ivityfof theeaglyadt gsedvent i onal
reformer _designs, i.e., furnaces for heating the feed and catal ysts | ocated

e
in conved®i onal r dawavrlso fomnd that peolite byeformingnatalysts arq guipsisingly seppitivett i ons

of RAULO (Resgarch ciatian. for i zation of Light O and Ldemtsu
Kosan Co. ha\ilge %é%eﬁégﬁg%@hé’gg'ﬁ&ﬂé’ Il@illen%%%%l%ﬁ%t onoqonﬁgfoga.qutgq%&Fﬂ e L
based nonof ufsiindadPredtlsTaoéddrag thétatd detetivation olff lefg ealyS8! W.9i Mient No.
nonof uncti onal catal ysts have been reported to have inproved stability

(catal yst |i fA3303dnwhichds hereipdncarperated by referdnag disploses the barprigingn r ef or i ng
f eedst ocks boi l ing, above,. C: hydrocarbqgns i,n additi.on tg C6 and C7

hydr ocar bons.serfsf'f“gﬁ'i (gozgglétg"thga}/@ggs %ﬁ"%ﬁf gnd ways ?"E&%@&eﬁ?&f:mlﬂ. S. Patent
25 No. 49681, 865; (ARUPAEENA 3138213 55nd .8 Patdh No. 5R263793 Rdiasiigneda et

al ., and assigned to RAULO, di'scloses the use of fluofine treated zeolite L
based cat al yst al.,whichraxé heredindnairporatedtbysefefenat alisclanee Zeolite I based eefdimimgt er

22.2 mmto 28 in the, exanpl es). at.i. medi um proposed for the snmall
{tbes wer o mSHEBA WBEE BF HOPHaR HesPd a‘;‘agﬁg?wrme%eﬁﬁﬂwmaéﬁ oBtebift ol of
30 the tenpergdidyEinirotd e Engﬂﬁy omeeaage@hﬁt i fb% %%eqaﬁfati'aﬁtrat gfch the

type nv pe es.

use of a conventi’on urrface or conventional ty urnace tu
Convent i onal thecatalgsisinderirefodming2bndiions.2002 WO 991 32580 PC f/ US98127007 -4

for catalytic refqorm ng have tubes of usually_three or nore inches in
i nsi de dP@meter (PR OMmEssighizationof geplitep fﬁ@’&{‘%@%ﬁ&wﬁé’ﬂm@&aﬁg

tubes havi ng @, 1336 Sulfur levels caused the unexpected problem of coking, carburization and




'di aneter greater than 50 mmis undesirable. Al so, conventional furnaces are

. heated using gas or oil ﬁired burners. 5 Typi cal catglytic r edPuhé 2002
processes enploy a series of conventional furnaces t0 heat the naphtha

f eedst ock bwbeps2ssach reform ng reactor stage, as the refor nPAH/USERTODN i S

endothermc. Thus, in a three-stage reform ng process, the overal

reformng unit would conprise a first furekce foll owed by a first-stage

react or vessel containing the reform ng catal yst (aver which catal yst the

endot her mi ¢ r gfefil ALftthg!dT theRastbysRACMERlurgy. TREOPEble! RAGRcERIthewerk B a

second-stage reactor containing reformng catalyst over which the reformng

reaction is fofspecial sieelyandioricelshmying protective layers de preyentigoking, parburization

third-stage reagto ith catal yst . to further progres he .reform

Teacti on conv@‘?‘gﬁ“S{‘i‘l W&%ﬂé\gs %l'\_e&rusgc;e%t{:é}veﬂ_a .rgﬁgl%_é?ﬁ‘af\‘éfn erl%él §'§§§°te§ Ant al
I1lustrates aﬂfahér%% Bk 20faced Wﬁﬂ%&ﬂ@o@&b@ﬁ@ﬁ?&esﬂehﬁ)emﬁéﬁ, ef.%,raac es (30,
44, 52) and three reformng reactors (40, 48, 56) shown in the drawing in
Ant al . Ex&mpl empefauns betweematiomt 800+4 ¢50°%c dior dkamplea tih prqiedtive layer has been

shown, for instance, in US. Patent No. 5,21 1,837 to Russ et al.,

particul arly g intheg mactorsapd fignreednbesinfgreatatytic rgiormepopgrated stulga law. |
sone catal yti f ) Ul t I i e f ces
20 ol T oed by FEASER oPhitflclreoelRificdng 1tE o Pboll b Sadior il
unit. In part egalygrparticdésin ithd@acdbrsh Witlose (o potertion, coketbullddg dlouidhset al yst
is a highly endotherm c reaction and can require as nany as S or 6 stages
or nore of f uresaleskinimassiyreokapluggiag and in reggier pistespshutdowasat These prablsms such

a multistgge proces Q s I i i i r r ref erably
one, furnace &S%fcéﬁeaéggém%g%l@# %92%?7%\%@%%"'3&." ﬁgscfocfgéﬁep?s_é’fo rred
embodi ment  of sdQR1 PEEIS ARA ploficans EQlingd, iRE1AGIAS Sinfcohtingd! &) prevdnt Cabarimtg Of
feed hydrocarbons is provided. The process conprises passing hydrocarbons
over a cat al yaid metapdustingg Ima prefarred\embodiment) Heysd ehall.,deaph applying3@tiu point t e
di sposed within a furnace,. wherein said furnace.c ri ses first chamber
and a second 1 SPPREIAAERIT PR R s A ArdEen FAREUESF f ace,

wher ei n said car&kiz]aﬁfﬁﬁ- & Qnt Mot talfie By eFEotidintg lirohQind niéce??tﬁ&:liﬁést. Tie

| ocated within said fi

irst chanber and one or nore burners are | ocated
within sal&l sefonming bystdne of Heysefeealab$ g hightemperatirg, Jowisslfavamidow witen 4
i nches fromthe heat exchange surface and, at | east. a portipn of th

catal vst o ORI kA S RERIPR A OHBC s aEnsend b ot Brineghoeed

preferred enbog opNlst@loch3f iPERAVERToaPARELRES contacting the feed, under
catalytic reformng conditions, wth catalyst disposed in the tubes of a
furnace, wherein tRecemtlypdeyeral paerds amhpdftem @appitratibns oORALEIQI(Reseatchl yst and

conprises a Goup.VIIIl netal and_zeolite L nd wherein the furnace.tubes
are from 2 t oAgsqciatiqedos Htilizatipp ef i) 13and Eﬁﬂ“ﬁﬁﬂéﬁ’é% hga‘ﬁhcﬁ%%blﬁbﬁ@s

heat [ ' ' ' : ide th
Fur nace. CabeotoHER3b bl oBMigen B z8Rfe EhascinicruiioRel Bl Blaguhy, ¢ 11°

furnace can bgudidwlegnl contirigmensfunctidnal yauelydtsihdaeceen eopefet td hate cat al yst
is disposed in the tubes of the furnace and the reactor netallur?y is

construct ed t Bupro¥scistabitibi(catalystlfp) when vasd in caialytic rromine) ravdcwlanlsby by t he
| | f ' . f ' . i f
ow sul tur en}@f&rgﬂggﬁeg,stzggscq?ﬂg@aa%?vg gg Bg&%&ﬂbﬁ’ﬁ’s iR aﬁdﬁf%g‘{g e a‘i’)ﬂ%{ﬂ means 1or

napht ha refornng ! urners-or "orl” burners. so, in
the present i Ry®6édrbohs. Th GhiSteg@dOdectBIE20 UESEN ;IEP £98)18IN;108aPatehtn t he range
2 to 8 inches, preferabl to 6 inches, nore preferably 3 to 4 inches, in

y 3
i nsi de diZnet Ne. 4,68h865iandilbhAtatens do. 6891L.3phsed catal yst is contai ned

AR : el . (
barticul arly.pr of oFP RS0 SRsB S ot M BEEnd o BEACLOSRFIOR: Be flsc,of
"particul arly AL&HRY @l ErRARIIBARE] cAtH st i SASIE diaHRES tahed oTaBSutWnedndpt eri al

having a resistance to carburization and nmetal dusting under |ow sulfur
ref or m ng conifisidedlimmeter (2232snmae 2§ maatin the exhmples). Hegsmganddivmgiropased fert eel .

"The f tyb be: 25 f type 347 stain 1 eel
cteel "havi ng. BocmefRbeart olh B 35 oM S A e WG CPURLE o
great as 3yPeniddmplriahité 66he Ribes! Act%rdiﬁa??ﬁyét?%ﬁ;@% QXe@néf'%&J&BQh&Qs@f}g‘ras' ng

pl ati ng, cladding, painting or coatling urnace tube surfaces
cont act i ng t heorfventioriab typedirinde arrpneantidnaldgpesiuarace tites.c &ohvertioanl fumasos

metal dusting; or 30 (c) constructed of, or lined with, a ceramc nmaterial.



'21 June 2002 WD 991 32580 PCT/ US98l 27007 - 6Anong ot her factors, the present
invention is based on ny_donception and unexpected fi}]di ng thed Junspoar t he
catal ysts defined herein, particularly non-acidic, nonof unctl;(glgﬂég I q@?e
pore zeol i WOBR2¥ reforning catal yst, the conventional arran i
furnaces and nufti-stage reform ng reactorss can be coal esced into one 5 or
nore stages of conventional furnaces, el i'ﬁli'nati ng the reforner reactor
vessel s downstream of the furnace. In one enbodi nent of the present

i nvention, t Her easdlyticxelomring have tubesof usually threporanergligehes iningidgsiameter n t he

tub f tional .f d .enbodi nent of .th t
vent fon i < U8 B0 BEBBIPMRASETER 0% 0% abhet BANGHTER e BEER
furnaces/ r eaififth&er §ERENThRE 56 hird RO aRRBIrall6 O NK5iss, donderftfonal Mitnates HEHERES,

three to six, or as many as nine stages of furnaces and reactors) can be
repl aced by awsingeas aeoidficedneral |y conventional fiirnace containing

nmonof unct ponal zeoglite,L rltpa,éor 1 ng. catal yst in,the tubes of t{]e f1 [ nace.
The preseRt invent YBif4] gatdl %reglggrg@g(gﬁocr?éseafgx(%%z} Vrfeﬁgfc%vgfl 1pna g':‘:ff‘%ﬁei‘/sts
of inproved s @Bitlthd Naphthatfeedt®ckikfore R fekoriih® PeatRl §ta€é, as WSrefdiffingd - 04

degrees F per hour at reformng conditions) can be 15 effectively and
economi cal | y restidn iseraothermac € husaint acthrefeentageat fdryingproedssy the ngeralthe

i nproved stabi]ity of  the catal ysts further all themto be used at
oper ating coretormipgmitg fampEs e?igsjt f»zmawgff?gpwggﬁtaﬁgﬁfrst@w&m veste
cont | nuous  ahi¥ihe 8 9ERRAAle! AlltyMoreR YHRLH Ofal et Endbiorsil S RRd
processi ng schenes and signitican l'ess capit equl pnent than

convent i ¢0al restiahytiwds); &bevonid fgrnaysfodioned D al secanl-sthgearenctbi ventsifingdi nent
of the present _invention the furnace pay,be constructed such that the

burners are IreloEREEG catalyst Averyvsh theagtosming repgtiory is firthes Pragresseds and adhipd ¢

bur ner s ¥ are o
e a i ngl e CERRCRURHE BYATLRR ol R i AR G e B D Srr i 1

has been f ounefoihinig reatioficbhwdisioh iévess. cat al yst shoul d be nore than 4 inches
fromthe tube 25 surface for heat flux reasons. Catalyst that is nore than

4 inches from t he Hoeaxanaple liSa Patentilondd SH832tq Antal illistiatesiaHyrge-slagel i zat i on
f the h b d t 0 .t,he hi ghl i t f. th

Gehyaroct®! | JEPROREsEaEsh ol Gret PRteECR 32 g DRt Barmiind Fhetom Wance

from the bur o s8yuhGui bR AirG/TATGRalS Exaitife ribinfn@ AL @EARlel dbbRRRtal Yt

shoul d be no nor e than 3 i nches fromz_a burnér tube surface. 30 Still nore
preferably t ke prioraryase shawomfdr instance, i UeS.tRatent Na. 421 837 toRuss ¢hal.ner t ube

surface. It has. al so peen.faqund that .t here i.s preferably .one or nore inches
of catalyst paﬁf“kﬁ“égezf?gkal “Q@P%IQBWW/#&Q%I Sﬁg‘@ked around the
burner tubes and nRgEmPL&hH i@l?éf%grx?]ain% lﬂﬁts,%rrﬁady’@srfﬁfe &fsiﬁﬁiéésﬁtﬂxrﬂﬁ&;k)ed

around the burner tube surface. I's reduces the anobunt of heat exchange
surface 20 t Helldwedicractemctronsednid shé¢sfor the catalytiv formireg witblarpastiiculary nace
reactors requited for. . reformng. 5 In.still anqgther di nent of the,
present inverﬁ?'{oﬁ‘ﬁ“\gh’éhﬁ' 2 8“?%‘&?&"06& Lc%ﬁ‘?bfei %“é@yﬁt\fﬁ)a g{ggﬁb ogwgﬁt‘fe‘fe?{tm%e
or nore cha i Wel Nl tain
Theoat al yor Tt et RORERs BUEVEE 3 or G3fagel oo Gl e B E el &) e e
separ at ed by Thegweseaiavaitioncllows such pmultisisgelpratese kcbogrgatly sihiplifisd td e

bet ween the burner chanbers) and the catal yst chanbers is 10 herein
referred to 4£%maseprérablyespdumaceigacife. The chanbers may have a variety
of shapegg It is inportant however that catalyst should preferably be no
nore than 4 inches froma heat exchange surface for heat flux reasons.
Catal yst that is nore than theg MARVOF TR BNCENTION t he heat ed surface
may not be effective at dehydrocyclization of the hydrocarbons due to the
hi ghly endot her mi ¢ naldtoaling td prefaradamtsbdimynt| of 2k present @anehtioms prockss he
heat flux dependence on the di stancg fromthe heat exchange surface. Thus
catal yst t hatfos catalygicreforaing.of fgd bydmocyhpnsis Prevded x ietgeess GPMpEEESay be

effectively .ed i

effective di ta%@ehxdygﬁp?ing%g{a%c%%&ta%g rfség{r%a}J agrg&{po\ﬂy\}gfgpav\gds% P‘%%E ﬁdrgee

cat al yst 30t izgolite @isposdiavitkih a fansice SOhéreiafsaidfarmuet abniplisesa fivst dhambehaid

di stance fromthe heat 20 exchange surface, preferably at |east 85 % of the
catal yst, norasepansragieining chambessepanpdiy askqaf pxchgnge pirfacevdfrgingaid east 95
% and nost preferably essentially all of the catalyst is whithin the
stated di stance fromthe heat exchange surface. As stated above | have
found that for the catal yst of the present invention, the catal yst shoul d
preferably be no nore than 4 inches ftomthe heat exchange surface. Mre
preferably 25 the catal yst should be no nore than 3 inches fromthe heat
exchange surface. Still nore preferably the catal yst should be no nore than

o r - o o o o - 1




+furnace. | have found that the present invention is particularly

advant ageously carried 10 out at relatively |ow hydrogen to qunR@q@hQn
feed nole ratios of 0.5-to 3.0, preferably 0.5 to 2.0, nore preferably 1.0
to 2.0, nowogwxsserably 1.0 to 1.5, on a nolar basis. | havePGl/E8RTINd
that in the process of the present invention high space velocities can be
used. Preferred space velocities are fromd-1.0 to 7.0 vol unes of feed per
hour per volune of catalyst, nore preferably 1.5 to 6 houi 1, and stil
nmore 15 pref gambikyis odatedwiklin baill firstitharhbéradnd\dle\or Infoke ByEieB080 16dated
hydrocarbon feed nole ratio and the hi gh space velocities when using the
present i nvenithisaidkesond chambarp Pecferablysthecatabyst istngl mergtthay 4 dinchesifram a

| ower overall, gas flow rate. Th benefit.s in turn.allowthe use of, a

" furnace reaclﬂbergh%f?’f??‘ﬁ“gﬁesélé%ﬁeam%zﬁﬁﬁﬁ{; O%P"toggéesc.ap%tﬁ'@%er BRgme Il " & oup
VITI metals yeatiiehebttckhagdlsitFacedi sposed in the furnace tubes conprises
_platinum palladium iridium and other Goup VIII nmetals. Platinumis nost

preferredgas the G o < i nt
i nventi on“.5 Al so, pr e?‘g‘?r?égeéﬂeggﬁ%l% 9&@“ ?g@egg%&%sﬁééxﬂgé %gé’?gtﬁ%&ﬁ?%%g\?ﬁ%()n are

non- aci di ¢ zealértdatalyticatfrbigcontiions iwitheontdlpstglspobel inahs tibeo bt 4 hienaep! i t e
L, such as sodium 25 and/or potassium have been exchanged with al kali or

al kal i ne ear twhergin Hiesatalyshisra menpfunqtipnals per-peidie catalygt pad comppsespg |

zeolite, wherein zeol | . S aRge i r4 opt ai ni ng
sol ution. Thg{: u%gpgwge{?gﬁ %?eeolhpﬁgtarnl%be}% ri?lﬁqﬁmr e %&q gl!&elggdlréﬁﬁ? ﬁ‘ei gﬂgs fsilcg%?d
Hughes r ef er gnfRRedidnfderaiRy Whémint the fBAsdedtibes e Eestéd, ablea¥tih Part! Bf @is@RCES
are mcorﬁ;))orat ed herein by reference, particularly as to description of 30

Pt L zeol@t eotddusmeysiocated gutsiglg the ooRe Wbep9/ 32580 PCTI US98/ Z7007 -9
According to another preferred enbodi ment of the present invention, the
zeolite L based canapieferrademhadiment@f the preseat invention the fumacewan bavi r onnent

in a tenperatur.e.fange. bet 1025F a F._whi | i ntainj.ng .t he .wat er
evel | 't he R AR NE nd Stse Heeospacaliline § AR Rt irttubesr at ure
treatment is g fupiacé @l @Y reatorandldihfty isoastnidied Bveid dadiizatioh aR®meml 200

ppm Preferred high tenperature treated catalysts are described in the

Mil askey et dhstingreblems eqused by thelewisnlfutenvizoningnt ubhe Bwace dnhealigd byh

ref erenc are incorporated by .reference herein rticylarly as,to

Gesor | pt Tan: GonYamgR airaes r granfs BLoBanBHaES stch B a8 uPley o Shbasi ng
to another prgigid & pRiEBRAhV&itonOthe 5128 oPARIARs ik B¥BRLtiOAAl, fnhRe Hhgd@bi te L

based catal yst contains at |east one hal ogen in an anmount between 0.1 and
2.0 Wt . % ba8doches, prefetablye3 to. 6 ixchése mmid prefaraidy Bab dgeches andnsitlel diameterand

chlorine and.,are _present an e catal.yst in _an anount betweep 0.1 and 1.0
ot 5% 1 uor | RETRRERCOR Zrains obeskd COpYR e sanined TR tag BPFS oF tun.
Preferred hal.g@eni6oN fithed a6@r@inte With® SarfSAKTY PRfertdd disodipbhi@rand | KC

patents cited above in the Background section, 15 which references are
i ncor por 20 ed pkesentafiemtiore herein, particularly as to description of hal ogen
containing Pt L zeolite catalysts. The above nentioned hal ogens y. be
added to the catal ysk“%?a’?ﬂ‘ IYBFef@'i%FﬁPa@d&méﬂt’ dugngre fubes arednade i agr gy
be added in sikdt o d it fnet £ red
hal ogen cont g?\a{téshaép%%%ggéﬁsa yg?(;crfgéﬁtﬁll o%%%ﬁo&eﬁgﬁgwdung?e%oﬁgg% be
present on t ieforming lcymditions dt heastsdsqreat a$ thahof typa 347 2Qinksssteeb eThe furnace
introduced to the catalyst under reform ng conditions. Preferred feeds for
the process Hbesg@nbiiesent invention are naphtha boiling range
hydrocarbhgns, that | r LddJ 15 b to Coo
par af fi nggand napht hzaﬁggj&r?g?@e%%;}%ﬁ@%%sy&%}] %g{eaa%agg%%m@%e@g par af f s
and napht henearbudfdionRad nivtaidastaty at lekt £56Gréa aCtyRB4distdinleseqeklpapht henes.

- The feedstock 25 can contain mnor anounts of hydrocarbons boiling outside
the specified range, (®itnteddyn methodggmprizing plasing, dedding painting,os goatisgght .

nunber o, - Acc iRt o piitieeR Hroiehn LB o HAE BB BRI Bcs come

range or var icalbufifatidh add dletdduStiigiep nunber cut point. Typically, the
paraffin rich feed is derived by fractionation of a petrol eum crude oil. 30

In a preB@rred enbodi®wanstofctadad, pnlinedwith, aceramio materigd. f eed contacting the
catal yst preferably contains | ess than 50 ppb sulfur, nore preferably |ess
than 10 ppb a 21 June 2002 WD 991 32580 PCTI US98/ 27007 -10




v sul fur. In the present invention, |low catalyst rates are inportant. Utra
low sul fur in the feed cghtributes to the success of)the pr es£diné REENt i on.
Two paten%%Maot each about the need to avoid sul fur poi sosipPoasssf7ély L
zeolite catalysts and teach how to achieve ultra | ow sul fur conditions are
U S. Patents 4,456,527 and 5, 322,615, wgiLch 5 are herein incorporated by
reference. In one enbodi nent of the present invention, the furnace tubes

are filled with | . ¢ ' j . i at ed
tubes are used a?qégﬁc%ﬁ%fxn% |5%ﬁ%£¥§%%i%g{ﬁ%l{§nﬁ ca?%&??ié&e?ggé?‘%gn nmeans.
In a parti cuhatpeytefhideng thekt, asihg thecandlyad défiredhersis, Particwl@ 1y nodracidie,
catalyst is 10 selected to have a particularly | ow deactivation rate under

ref orning carmmofunstienal farge perstzieplitethased refemyng catalysle thefonwgntignal and

reaction conditions,sekected a uch th .he ¢ st, deactivatjon rate
o controf | dufepestiene 3P RSAEE gl Ri5Ag HROmEE Kt s AR oot 05,
still noge R giofs shEds dfRAvdnfidNalGudtes, enminiting thy Rf@IRPléaclogv&sstian 0. 01 F
per hour, at an aromatics yield of 50 wt % using a C6-C7 UDEX 15 raffinate

feed at a | dqwnsirdapuef the fpmace. Jolone empodiment pbthe presgniinyention; thgalefined
hydrocarbon nole ratiq of 2. U ilizing a cat t, and condit.i 0 havi ng the
par 1 oul ar 1 §ageEmeipel rispminedel s Hahsad by Ryl O o 2Pt Turee "o be
used in the A BER2ca dnftRaimént dF thert QB ivRRtSPR allb Ha88d6H mY idRigHhat4'bes. 10
anot her enbodi nent of the invention that does not use tubés, the catal yst
can be f urt kbemnveatioyal multistage dama@i/reactbmngformingfanmegtehent (vdnsisting bf) dorm
catal yst _that has hi gh, deactivation rate. is in turn allows the total

Thi s
length B9 t GKuEPIS,thrgs P15, OF REARY A3, BING F98ER AHmap SRClRLFARRSe surface
area to be mipl grg’lﬁﬁg § Jalelpa® T=h S9fddibHge of
furnace/ regé tocr%ﬁ%f)?\?ﬁsua %/Sk%!lgggr mlggélrﬁéglg%%‘?iﬁ%ﬁmgqg%nvencltu?)}cf)%al Pt L
zeol i t e cat akolité Lirefopmivey datalidt in thezubeyl of thefunmece. Thapiaaent idventioe isulss ent
invention may again bhe contrasted to atent No. 4,155,835 to Antal.

UusS P ,
The Antal r éﬁ@figmey diseeverythat Aealite eatalysts of rapreved stabilifniie- havang @ ne
A . ) _ |
D heuh t pdeddt RS ore SNBSS 609 dREERE R pet AN HANARE SoRflion U BET . |

the feefh asfib@iVeBsard etoRically histd intahfarmace fblor Fatatllytitteformiige fRieabl y
carried out at 30 sulfur levels nore than an order of nmgnitude | ower, such

as bel ow 10ippioved stability pfthesexntalysiefipthopaligwothermis be tIPeBRIRg 007 - 11
the feed to the.nmonofunctiqnal zeolite b d catal yst contaiped in the
furnace. r eaEPRpiaRIRastraplenee pFdeasths FROSRImERF ebBnid® pRRBT g
condi tions {&@enériford. UMIARPeritRAGIBs For SiPliREEHRVEssiNERAéME anidSi Ng t he
preferred catal yst conprising a nonofunctional zeolite L include a LHSV 5

bet ween 1. 5significantiylesy eanitgbequipmentdhaearyentiongl catalytie vafermniog sysienas-3. 0; and

a heat change surface tenperature f the reactants.(inhterior

Cenper a0 o) bet Jbah AHGBRITY Sy HepE P S eRRO e Bl 8Beb g o60r
at the outl gbn@lictelidhith fat Mebufnetire 16QFPRINB DRIt tiORRIacRtnd Ne
inl et and between 920F and 1025F at the outlet at End of Run (EOR). FOR is

the tine at thehiatdhyst hecatadrin itlse arealsdrasdalg the ibes (khetoataliesh cornitaiatriganeaahay he
catal yst. ni Jnvention i s considered, FOR at a

poi nt V\/nenT?’E égg{g e} é’lsat“?tg;rﬁtég g%“@‘ﬁtga?eg} Fhamherh dp Speihen ampngemenit E‘;‘S been
DESCRI PTI ONg6dnd thile ddpoflioor t'f{ki ghk'efygsﬁsﬂo%l@béﬁxﬁm 4 iﬁéhﬁ?’fr@hﬂﬂé fpef Or @

furnace tube reactor 'system ure 2 1s an overhead cross section view
of a fu2daceutfadedor beat flar reagenhe nCathiyst that it hordthan driacieX)froanthetheated eact or

tubes (o). Figqure 3 is a sinplified schene show pg, a vertical crgss-section
with gas-fi FEEA0sdBRRQ bG%ﬁ‘éYﬁ“é’&i‘&i‘@?XChtzﬁloé‘ (\ﬁﬂfdég“éh}"kp‘:%@‘}_ség‘eé‘? theyr nace

tubes that %?éfﬁﬂr{aoﬁ?etxﬁllié' ttare of the dehydrocyclization reactions and the heat flux

dependence on the distance from the burner tube or heat exchange surface. More

preferably the catalyst should be no more than 3 inches from a burner tube surface.
30  Still more preferably the catalyst should be no more than 2 inches from a burner tube

surface. It has also been found that there is preferably one or more inches of catalyst



+Figure 4 shows 4 cross section views of alternative enbodi nent furnace 20
reactor systenms show ng {he burners (X) and the cat %I\Iyst chaslyejne2002
chanmbers as cross-hatched areas. DETAI LED DESCRI PTI OF THE W NGS The
drawi ng shppmmsgei n are for descriptive purposes only of p®SITUSIL2DE?
enbodi nents of the invention and are not intended in any way to limt the
invention. Figure 1 is a schematic flow df-agram for a furnace tube reactor
system Hydrocarbon is fed to the unit through Iine ( 1 ). The sulfur

content of thekbysoasdiHeYurnet thlRd4aa thdre pidferaBlgdls %bmnhﬁesqg&aiawst he

sul fur control unit (2). The hydrocarbon then goes via line (3 ) to an

optional heapacksdaranndthedurngr dithessuefacg.4This Teducepthe amwunt ofllgeah exdhengeef f | uent

goes via line {5).t he furnagce reactor (6) where it is_sinmultaneously
" heated and c%’ﬁ{aﬁ%’t“etge \t{'n“f‘?lcetrﬁ%&%%eivi?s. tof‘g\'é&'f‘gﬁgtfeo’?m%l?efrloﬂ HHER Y Ses” vi a
line (7) togQ uire’@fm}w}gﬂ@g@z WO 991 32580 PCTI US98/ 27007 -1 z stabilizer
light gas is |9em)ved fromtThe stabilizer by line (8) and liquid product
"l eaves tloe st abi | Inzstil dogther emmbédiinentbf this pyesest invenpioadbie furdacetreddiart i on ( not
shown). Figure 2.is an overhead. cross section view of a, furnace tube

reactor systEHRRIBEHWWR)O%HEr FE- (O8e offnorechampers coptain Bugers, Pne of o
furnace tub i fi | t Tﬁ]jngei ssible
furnace tub:ﬁgﬁagﬁggle ng(ra?g alw%%lg Srélé&gﬁlhg egﬁls)?é ?rp’ﬂlef | e ré’?‘ﬁ@%@ﬁ%‘%tﬁﬁ a
vertical crosleinmgtcatatysotlidmigaG) hderseparhted thyrassuffabmelfict}ivady prowide Heat a
paral l el series of furnace tubes that contain catalyst. Fi gur% 4 shows 4
cross secti ofrchingss This sirfaes hefvegn therhwasr rbamber(s) 38 the eataly st chambers s

showi ng 4nhe . a r

cr 055 nAvendPa Btdlo Al A chBlatil Sherbt A o B R e Fpdiv e,
configurati OﬂlﬁpesThﬁisfiﬁhgbnﬁ{tﬂl@%@éﬁ&ﬁﬁﬁcaiﬂydfismu‘l& preféeriblybRlino mbRthards
illustrations of possible enbodi mrents of the chanber confgidgur.at i ons usef ul
in the presenehds @ heat exphange surfecediop heat flxmeapaps. FEAtEFSICRAET PO then THE

| NVENTI ON The  cat-al . useds | h t ) nvention

conpri ses aht BL%%%S#’S%% cg}i“"grt\%e f%a@{d?@?a%g%g@ﬁ%{%t?@c&v&g* t he present

i nvention i sdchyd@Bydizh@oifof he hodretsboANdle ©ahahighly enlbhefhiRUiatifk bf theet al  of
the catal yst of the present invention preferably is a 20 noble netal, such

as pl at iMSum dehydecycdation repttéansmadthehess fluk dependencenmethe distahce fronf ber ed

aroun s o DAl L SuBe? it BRSO BL£FERH bl 1 %0 o

appl i cation ¢RBadeR siFFacd maFee biféctiveRwast&R! When bstaRMRat RS Bardiy SO HHRisd Y tO
refer to LTL type zeolite.” The zeoli'te L conponent of the cafalyst 1s

than an effective distance from the heat exchange surface to avoid wasting the catalyst

o .

it is meant that at least 80 % of the catalyst be within that distance from the heat

20  exchange surface, preferably at least 85 % of the catalyst, more preferably at least 90
%, still more preferably at least 95 %, and most preferably essentially all of the
catalyst is whithin the stated distance from the heat exchange surface. As stated above
I have found that for the catalyst of the present invention, the catalyst should
preferably be no more than 4 inches from the heat exchange surface. More preferably

25  the catalyst should be no more than 3 inches from the heat exchange surface. Still
more preferably the catalyst should be no more than 2 inches from the heat exchange
surface. It has also been found that there is preferably more than one, and more
preferably 1.5 or more, inches of catalyst packed around the heat exchange surface.
This reduces the amount of heat exchange surface in the furnace reactor and helps to

30  minimize the number of furnace reactors required for reforming.



25 described in published literature, such as U S. Patent No. 3,216, 789.
The chenmical fornmula for _2eolite L may be representedas fol | AWRine(2002- 1. 3)
M-"0O : A1203[q];é’§:\3§1-06. 9) Si02 : yH20 wherein M designates a cal;d.lggsgsg_, .

r epr esent s™ ence of M and y may be any value from O to about '5)
Zeolite L, its X-ray diffraction pattern,oits properties, and nethod 30 for
its preparation are described in detail in U S Patent No. 3,216, 789.

Brock, John w1 cyAs spiedinie bikeraido§iS st No TS5 0hs Bhiilss tihee obhs,

| 974, (repri d i £ { K hedra unit
cancrinite-t %ée‘edsc%%%??ﬁ@E%@ﬁ%{léﬁg%wﬁvﬁgsmﬁ?nﬁ%%%ﬁ%n%a %@
cr oss- | i nkedrefyrniing gdactop ¥ y@els contatigrg catalystpwith pharattot Beimgibekedd rings. The -

hydr ocarbon sorption pores for zeolite L are reportedly approximately 7~ in
di amet er. Théovmsirermraffeaeleafcthe thrae Birpacss. Inganfrestndie preseniinygyionrcealesces

i ncor por gt ed _herein ef erenc ticular Wth respect to their

i scl beure. oft SupTede RERESDELsepBRS ey {indd e of ek Rifgec Bhdsearior,
terms of theiysted, Withdlit tHersepdrhte Redbtdri vREstss. A@vRling td fe'padsentiavéntian, ef f ect
on the X-ray diffraction pattern of a zeolite. Such factors include

t enper at ur e, pgfesahlyirthe systgn issanly ppefurnagginba reeeior Hint isy gealedcencsitoone 10
present. For.instance, as the crystal size of the type-L zeolite becones
smal ler. thef%&y diffraction pattern becomes somewhat broader and |ess
preci se. Thus, thepdRrfind@a the Présent iAGnHdRSs patiiciarly BdvantigeOuly éRRkd t es
made of cancrinite cages having an X-ray diffraction pattern substantially
t he sand(as outat pelatiselylloif myalregenrto hiyditosanhen fedwmole matios f 0Patioen®, pieferably

ek T M T T T G RN,
of the M cations Pﬁ&/epa%oa@ﬁﬁd‘mati}“@%f&@s‘ﬁ dthe ﬁé?&ﬁﬂ%ﬂ%ﬁh@ﬂ r#) t a given
zeolite nt (0]

type-L zeolite, for exanple, a type- e potassiu rm can be
used to obt aveloditi¢greeadn teanskd.t Prefarmmd spacd vidoditidsaare fram ho so BY wllmesodfifegl t he
type-L zeolite to ion-exchapge treatnment in. an_aqueous, sol ution of an
appropri ate BedIhP“bPers‘éﬁ‘E@¢ ol ekalysty more preferably Ly te ﬁi‘@ﬁl’%déﬁlém%e all the

origi nalggr at ] %r ie, potassium since sone rations in the zeolite
are in giiesﬁrlgﬁég?bl rgemg@ Icult for the reagents to reach. Preferred L

zeolites for use The idigtivelyelo@iiydropennd hodrodrbor feed encly Pitivemid zkeihigh spate
potassium form Preferably, the potassiumformlL zeolite is ion exchanged
to repl ace avedesiti¢sowhert usirg:the present innentiopgnakesitfeasiblsitg ugs less @tal gatalyst ne

earth netal, riym bein n eci.al 2 ref erred . al kaline garth netal
For thi's pur B 2 el B RRT S ek BeRfs Ao Rl e p PR BisPafEcs of
t he present jeamerivitha reaniBleatmbet 6faibds. cat al ysts, neani ng that they do
not have the acidic function of conventional reform ng_ catal ysts.

df

Traditi @&®al or cobseéerablynthe Gregp Vi metalausedin the-catalysh dispasediin the fumage t hat

t hey have an_acidic functi.on an .nmet.al,lic fungti en. | )

bi funct | onal MBSt SRSEe Bl BRI Pl on Bfhet ORoun ST Rl Bt s o
in US Pat egtmd¥e preferd@Pastid Gisup AN Rl irpﬁxébhtﬁlg'ﬂl <28 M tHY (REseRCindbitionl UM na
as disclosed in U S. Patent 21 June 2002 WD 991 32580 PCI/ US98/ 27007 -14

No. 3,415,737 to K_laokpw&ﬂeﬁl cptaatstsnfonusq h_mmpmmmiweatimmonmwiq
D B BT U o 8 s e S8Rl U S

25  and/or potassium, have been exchanged with alkali or alkaline earth metals. A

particularly preferred catalyst is Pt Ba L zeolite, wherein the zeolite L has been

exchanged using a barium containing solution. These catalysts are described in more

detail in the Buss and Hughes references cited above in the Background section,

which references are incorporated herein by reference, particularly as to description of
30 PtL zeolite catalyst.



W1 helm (see also the other acidic catal ysts containing bisnuth, cited
above in the Background section). 5 Exanples of m)ngfuncti on3 Jinledoo2t S

i nclude platinumon zeolite L, wherein the zeolite L has been exchanged
with an al kabogs880al , as disclosed in U S. Patent No. 4,104, K20Uss2Be7nar d
et al.; platinumon zeolite L, wherein the zeolite L has been exchanged
with an alkaline earth netal, as disclosefi-in U S. Patent No. 4,634,518 to
Buss and Hughes; platinumon zeolite L as disclosed in U S. Patent No.
4,456, 527 to 10 BuggerdiPlothnditér E&%ﬁbﬁ%boanﬂexalomw&&mmmﬁe@ﬁé ed
zeolite L as disclosed in the RAULO and | KC patents cited above. According
t o anot her embolite iehasedéataliist ipprodacdd bytveatiméentnn atghseousierviyament irsa hi gh

tenperature reduced or activate HIR) yst.,, Preferably, the .
" pretreat ment 'WRPRIMUE @Ragybyyee gog;gap‘} i?,}%% hile majntaining theowaterleyd inr o

reduci ng gas g,e][?o i ) Oy 382, 353
i ssued Januarﬂ?/éj@,uaﬁsgg%?‘gﬁ : gﬁﬂgﬁgﬁ{e Jz} ﬁldl\é;%lgp (fbnm}g)%@%t,r %Teévﬁl ch are
" hereby exPr egaiedioncatrapwitat Rdeldy thedfuamneas below BO0rppant Pretdried Higtner al |y,

the contacting occurs at a pressure of fromO _to 300 E;ﬂ(g and a tenperature
of from 1025femprratpresireatask catalysts aredesaribed inthg Mulaskey ehal patgntsicitediphavet or  at

| 2 h . v, f ) - Mor.
oroferably. ohiRasRERpd i Pt eheBhesae ibBHrtid By Bitbee MPHE | enge
of time for thaRicAleYasa a@aﬁlt)mﬂ bflh%h eeRiRYdtae tfbﬁt%ﬂ'ﬂ@ﬁeoliﬂﬁ&tilﬁa&.; Ih gflt o

treatnment tenperature, with the hi% er the final tenperature t
the treatment tinéccprding to anothgepreiqread embodimentof the preseat pivamtion, ithe | s

necessary,to lijgit .the i.sture content of .the 25 environment durjng, the
g onbr e e Lyt R fofeiia Fabshe peltEeS L Hhoi Pebiach L
deactivationy g @t lh6adeQBRSGEARILTE PRGN ithd ﬁ&@é@%ﬁﬁ&i&%ﬁé%hl&ﬂ@ ahd esence
of noisture is believed to have a severely detrinental effect on the

cat al yst act iave prgsent on thescatahyest @f v aninad between @. Ineclelks@ sutyYotftudringiand OHe

noi sture content of envirao nt tqQ as Jittl ter as .possible during
sai d treat medfd é&%%ﬁﬂeﬂ% ag [E‘ggfaq ‘Lfggms (# r?t%gﬁg ?ggg‘ﬁ‘p‘?ﬂﬂtalgﬂng@@bﬁﬁ?’? ess
than 100 PPMcYEied in the KAULDAIRE MARAYRAve e BILUBARLPL00%, | n one
enbodi ment, in order to [Imt exposure of the catalyst to water vapor at
hi gh t enp®r atwhidsrefdréndes ageriné@pomtkditiyatietdnee herenl, patictilarly as tcdecriptidn &l | y

at a tenperature between 30Q0F and 700F. After nost Qf the water generated
during cat al yalogerermiaining Hidszeolits Q?éagYSFSr- O"I,Zhetql,)@v%gtegpgquma[lqg@@ E\ﬂigFat ure is

rai sed sl ow %dg’%‘ oﬁ%@@yé}%ﬁgtﬁtﬁ&p&aﬁﬁﬁ HidH 8 c&tglaﬁt 19 B dE a?rrﬂ%eardﬁéd’{?e

bet ween 1025 enperature program gas w-rates shoul d

be sel ected tsiulforinkstaned @rthey stpalof Hevah s Thé pidfcradadatdgen ceftehis@fithd catdlyss s
t han 200 ppnv an.dé%cf)referabl , less than 100 ppnv when the catalyst bed
tenper at ure éentiened ahgys should preferablybe presgpfeanathg catalysicat dhesearnt of theaum j ng)

activati t r i i . nd 50F 10 per

hour . Ge%@r al%{m:, f?:{%i;iE ?‘:ﬁg éj}“ %/%[{%\%h??eg%%ﬁﬁ]ég%%g%g E‘?’?"S‘tﬁgﬁ%‘& ween 10 and 25F
per hour. It is prreéferédibelfir thdiero@s of thewrésehoingéntionare adphithshoitigg during
this process exceed 500 vol unes per volume of catal yst per hour, where the

gas fl ow vol uargeihydipsarbons thatts, diydiegarbenscniling within the range oA CatsBier e and
60F. In other ds, .the gas flow volu i s,greaterthap 500.gas hourl

space vol unepf‘%f)a.nd R 8’)?5%@@%31%‘?%*" ‘Qg&%‘gsé’fc%é%?sm#@’ﬁ |1 yy
exceed the CQuPKtR&RS) and3RGkE ipteferablyDIT 16 DB and HEpRBeRksD ahe Foddstodk €

nost preferred. The pretreatment lEl)rocess occurs prior to contacting the
r ef or m ngd catcan gentainiminomarhguits cbhystsecarwad boiting dutsidgcthp spesifrasiziangs, such

catel Vet L o S5B5 30 pHESRE T A S BRSSO

at each of the various carbon numbers. Accordingly, it will be understood that the

boiling point has some range or variation at a given carbon number cut point.
Typically, the paraffin rich feed is derived by fractionation of a petroleum crude oil.
30 In a preferred embodiment of the present invention, the feed contacting the

catalyst preferably contains less than 50 ppb sulfur, more preferably less than 10 ppb



+20 reduci ng gasses can be used, dry hydrogen is preferred as a reducing
gas. The hydrogen is genefally m xed with an inert gap such af Jine’ 292N
wi th the amobunt of hydrogen in the mi xture generally rangin g&hf%’% (V%to
99% by vol W8P e typically, however, the ampunt of hydr 08’ e

m xture ranges from about 10 to 50% by vﬂ)‘urre. 25 I n anot her enbodi nent,
the catal yst can be pretreated using anThert gaseous environnent in the
tenperature range of from 102S-1275F, as described in U S. patent

appl i cati on suifibeln the presentdnventipn low qotalyst satesiarg smpagianth Ylra hew swifur in

expressly ingar.par at reference Fpits entirety. Ihe preferred jnert
Gae "t r B e aEfbules ih BeChERGEof et Ul irRlohs T pRleRs St Kneh:
gases, howevgyoyt el E o SR SUMRP paisoiap o8 M L 26618 calilifktddndibath Hfw 5 Xt ur es
t her eof . 21 June 2002 WD 99/ 32580 PCT/ US98/ Z7007 -16 According to an
especi al | y pachicye nbich lombsadfuneonditidnstane Up B eBasents ididdéifi27amd 5,322,660 whidhdi c,
nonof unctj onal  catal yst used in_.the process of the present invention

cont ai ns h%&ﬁr@mf“?ﬁ‘ip? yo‘??feéf)‘}ﬁeysi ng at first, in that hal ogens are
of ten used to confrdifhodfindfier %‘ﬁi‘!lz_lstgﬁt ﬁ@e&i&lﬁlmg?@ﬁgﬁ abefill c,

bi functional reformng 5 catal ysts. wever, the use o ogens wt
cat al yst' s baesalystrandecdonventionalbfuriaee mathatsdssdcdated tubies arequselias aon- aci di ¢,
nonof uncti onal char ajt eristic of the cat g%é.st. Met hods for maki ng

non- aci di ¢ heaneRjeatt tn,magns And catalytic reaction meansy ysts are disclosed in
t he RAULO and | K . i aho i i Th
tenor *ron- aci df on 4 AHEHERZ il At findd of e FRBGHPIIRor B chller §° ) |

parti culf@ | ysdittddhe havsa pasiculbgy Yeve dedttingtionatd ikt rdfomiimgebaditipng, ef or m ng
catal ysts and bifunctional (acidic) reformng catalysts. One nethod of
achi evi ng noPRreferably,ithe cajalygt seleeted fersusa @nd sgactipn aonditiory sslectadiane sueh thair t h

enhancenont e ctRust it b SRl e Rceg Tt Bathedaurum ands or
potassi um f rﬁ%@é}@ﬁ@%ﬁ@i@eﬁ sﬁllﬁﬁ&jeigﬁ-&”eiéﬁiﬂgssfﬂhﬁﬁbioﬁﬂ %dl&ﬁ&' g&f&am&h 15

metal s. Preferr alt or al’kaline éarth metals for such exchangi ng
i ncl ude pot aksd than QOU°HpEr hont, af e atoaratics yiekl afci0we % Wirgg®a CoPODUBEXN gh
selectivity of the catalyst for conversion of aliphatics, especially

paraf fi 19, ~ t wilnainised ata liquid bevdy sppce velpeiteol 4 bowenandmbydpesitoenes. Hi gh

o ef or abl y ABHROHRR FerERiS S WA EE M ep B RS splhelli o The
conversi on t haticli@BBprefrRU6R desctivaBsiPRed Alldws f0f 18] atalfsiedRaised R thene,
Xyl ene) aronatics when feeding a C6 to C8 aliphatic feed. Preferred feeds

to the proceBgnagé raahtor pnd alows thawseof lorgen dian@seritubasy In apbthbmembormentatfal yst

of the presept .inventjopn has an advantage, wth raffinic feeds, ich 25
nor mal 1y i vibe aroch bRberSdofetitcoltRelist enhe Risbetivan Eomarhe®

reform g cabahiipbSurfhby@Me Wheh 851 BoMalysf Badasa gl HeR tivRA6H fave. COHIY A t ed
to aromatics over the catalyst of the present invention. Mre preferably,

feeds to thetup abwesshetotaliength efmbes orindhe altsmative eptbadiment theb¢athas. The
furnace reactof syst of the present .inyention is particularly 30
advant ageousPF BB PHERCS B BrivarETRgeeand kst asinical ¢ Sedlrentht i cs.

muititude of furnace/ reactor loops (usually 3-6 or more reactors in a conventional Pt

L zeolite catalyst reformer) with a single furnace reactor.

25 The present invention may again be contrasted to U.S. Patent No. 4,155,835 to
Antal. The Antal reference uses reformer reactor vessels separate from the
conventional furnaces, whereas the present invention does not.

Further, although the Antal process reduces the sulfur to very low sulfur levels
in the feed, as low as 0.2 ppm sulfur, the present invention is preferably carried out at

30  sulfur levels more than an order of magnitude lower, such as below 10 ppb sulfur, in



+21 June 2002 WO 991 32580 PCT/ US981 27007 -17 Particularly preferred
catalytic reformng conditions for the present invelytl on inclzq% e?%

descri bed above under Summary of the Invention, an LHSV between 1‘

6.0, a Rygoweasget 0 hydrocarbon ratio between 0.5 and 2.0, p@rmgm'mrxs

tenperature between 600F and 1025F, and an outl et pressure between 35 and 5

75 psig. Preferably, the catal yst used i-ni4 he process of the present

invention is bound. Binding the catalyst inproves its crush strength,

compared o e AR Mot dehhl ZANR L Badad chlaRt QYNNI AR irflade, POWAeT

Preferred bi nder or t e cata yst 0 e present 1 nvention are alum na or

silica. Silireactbissyeteprsfithé pyesantéfivantien for the catal yst 10 used in the

present invention, Preferred. amau ts oI, bi n&er are from5 to 90 wt. % of

“ the finished cat akparred ﬁ%ﬁﬂgnﬂ‘rgéﬁoé iong for of seastpr gf theopreseAtinyention npr e

preferably f I und,

t he wei ght pd:é?@etﬁg Bé"g"s&% é\'/%%ar% @imgl“ge%g&aslg%& 3&88@5@1%? Hldga onent of

" the cat abysthetwédress afd B4 mdirs%dd‘tdll@dioeﬁboﬁ&t'ﬁ&tﬁ/%ﬂnﬁ anAd 3|0y akd a hsatused
herein in a broad sense to include the final catal yst as well as precursors

of the fi nalexcha@eysmfacencmpmawc forghe reaetants ﬁmtermﬁqnmturq}bEMn 600¢F

?iﬁ&p' S_cth%nHI%%%@atrt& v by o andef of heiate A SR ahRED ref or 1o
ot er Lo pr asorauad Eiich GROE o1 %f"?sﬂt%“ﬁ‘eggnw I EaaneRs 10

ski |l ed per gpesufl¢tatEhd 6f RAA{EGR). Bbmsmdﬁmé amhrdhm tuiés eidedgually

hal ogenated form of the nonofunctional catalyst in the present i nventl on,

t he perd@nt d\wtggeactnvalthm@f thacatplyst The catelyst af theprasentdnvention iocamsidersdr i ng

t he course of he cata | ogen usual ly
is |ost frorﬁtwﬁ%ﬁ%‘?‘ r?%'eﬂub?tet?rélp?ré %ﬁﬁ@i}‘%ﬁ&%}?ﬁg e tube reactor
system of the present inventlon refers to a reformng systemin which
non-acidic, highly selecti ve zeolite L based catalyst is contained within a
plurality of conventional fBRIEFOESCRETMONOQFJTE M@HGSS cont ai ned
within a furnace._See Fi e 1 whjch shows.a schematic diagram of a furnace
reactor reforni ngiBWEddsa s Wafﬁetll‘?‘ﬁflﬁg@glf%ﬁz‘@‘é ¢ sqagtoasYSieBar al | el to
each othgr and argepeefiebaBlunial toGlebiof¥itAES: t

fur naceh;subes al tlggﬁrgt elg\?t“m‘;11 hor o%s o?gaéburonerls. \c%’%%@%lggg%\é ofg%ﬁm\]une
2002 PCTNSQ&hBWQngthEbgm&:()Qaaddhe&eadstowtuhcss(nbtabI e arrangerrent for the

burners and furnace tubes re shows ,a horizontal crogss sectiaon of the
preferred enbodi nEBMres ﬁéeeplﬂfge&dc PG ARVENE A YeRg §$Sg‘%?ﬁft1@1 pithreasdirgghd t he
Os desi gnat i erred
enbodi nent ?1 i nacghadégp%gcfg% ?JCPEP gl?eé S?lﬂ% Otbf%gt?ésmgésgtwgﬁgon{%cgg {sngl ng
down parallel to Figeret4shes:s 41dresstsabrim views of dfeaiativt gmboditneht furfifes in
dianeter, nore preferably 3 to 6 inches in dianeter, and nost preferably 3
to 4 i néBes rracten sysems showing thehumers(X) ard ths catalyst ehamper onehamhersase t ubes
axe preferab] or equal to 30 feet long and preferably are at

| east 10 fe% gﬁs-m?cie%"geg%rrangenent of the furnace tubes and the 10 burners
can vary. Thus the furnace tubes can be positioned vertically, or

hori zonontally, or in an arbor COI| arranerrent or in a heI i cal coil
arrangenent. The burners LA a Had of different

b I Gl Y IR ?quﬁ‘iﬁsgﬁ‘%b‘ief%"% ?ﬁxs@m}ﬂ%st e

posi tiopgd \eBddembaty oMbk inventioR Hhd 8fehoP RitéHded udwwé,&onﬁﬁﬁmqhv&mnhe
tubes. Furnace reactors can be linked in series or in parallel,

preferably the sy&gmmlllsadebamwmdtabmnﬁ)rslfn@heembcm@rsmnor is used.
Repl acenent of . the 3 1 ntj.on reformng reaciors d

f urpnace I oodg ydrpcarbes ‘S?e‘g@c#’f’ P@t Q})t ﬁi’%s‘gﬁ’l’iﬁp%te&ﬂ'fﬁﬁ"céy‘{‘@%‘ggﬁ} is
preferable "ié‘?eduéecf %&ﬁé BlGreiib l@ve?stlnlthezﬁﬂ)ﬂuk Es?tﬁﬂﬁfgitxz)t B ch%ﬁbo% hi gh

activity and a eactivation rate. have found that replacenent of a
mul titude ofthcmgmsrvua lioe(3) teacoptionabieht éxuhaagam of prehsaters@ll The optigratigt | y
reduced,j.nvest nent_costs fqQr_a L zeolite reforper. In a preferred
enbodi m?.fht , e*ﬁefgﬁie@w gessvig Lipe &6%9%W%fwt9h(§§¥“§r% is siplianeously

heated and contacted with the catalyst. The reactor effluent then goes via line (7) to a




'comes in at the top of the tubes. The burners are noupted in the roof of
the furnace 25 and fire Qbmintothefirebox. The i mum h dﬁould
t hen be at“}ét%eg@%d' nt where feed is comng into the furnace t%ﬁ h is
desirabl e i vely, a nufti-zone furnace can be used. eat
flux can be varied nore controllably. The,heat flux supplied to the react or
inlets is preferably greater than that applied near the reactor outlet. 30
It is desirablg . that the furnace tube surface at _.exchange

surf aces thattab}tsrﬁri@bt gasds r%nvag Srommfhe siahilizes byl aaadceimql pdsptdessge of

a material [ 7 -19

resi stance P@l\éé%rg %Frl%lt]r?e(])@ léggné? g)gés(tﬁll%ﬁgggﬁ L@ggél%wgeat as that of
type 347 stai nl esEigatec®is aurmdenhehdmoswei:uon wighoofd fmmacemhdnemsr syteen

resi stance tq carburization and netal dusting can be readily determ ned

using the pr¥wsig &edymersied avd teryepstoriubap(d. Jhe fumacetuppsare filled with
enbodi rreg,t oﬁl cgtgll))st \Lﬁ'{ﬁl&" \}{k ggsﬁhﬁ%ﬁnaicgmera?ﬁﬁé% tar e made of (a) 347

stainl es st &8 a resistance uri zation and netal

dusting at |east Figu@r¥isla sasip Bﬂ&d@hahskmngtaaeh‘ca%rowke&m vid geacfred Ubes
are treated by a nethod conprising plating, cladding, painting or coating
t he surf aceshdatgrs (Sbmedo\,@djﬂ@ﬂttmap@é liserigsy af\furnace h@ﬁ%ﬂ@d%lﬁQmsta@rlwb to

carburization an dustl n

b
constructed of or ‘gt“r‘? LA % tﬂ("c‘)lf‘rﬁfgfi]ﬂgelmé{% esatﬁlt"&?c? he

furnace tUbeﬁaébﬁsy%HﬁtshH@ﬁ%qhQBUﬁettsXR? and theSRUAIRAS cBARBEr RcANMBGd 2y th an
internmetallic coating on the surfaces that contact hydrocarbons. In one

enbodi mdlt ofrossAmtéhed ardas.othere laee fumerausothabpossibio/rmacawe¢attorcont ai ni ng
coating, claddi.n Iat n or paint applied to at least a .portion

(pref arapi y Saniggiasbng shisour e o Bistye 4ars o Fiemogs lastiasgps of
preferably tﬁosatﬂ&en%dmaé Urth@%ﬁarataacohg fealiBind el iff Y LR inetefon

hydr ocar bons at conversi on tenperature. ter coat 1 ng, tal - coat ed
react or systfunnacsrqaceter ably heated to produce internetallic and/or netal
carbide layers. A preferred netal -coated reactor system preferably

conpri ses a base construction material (such as a carbon steel, a chrom um
st eel a stainl ess sb%ell BN Fefy netallic |ayers
attachea%t her et o. npres %P%%el?ggrf;?%".a 61: Ct Uue € l‘g ental chrom um
and iron-tin int erﬁmdaadlysmsamnwmes%wmmeﬁsn&enm comprisesaei n, the
term"nmetal -contai ning coatin ‘coating” is intended to incl ude

cl addi ngs, pGequpﬁaH mefal andzelig Ietﬂtﬂrca&imt iof e Rrpsent BYANLQMNisE nomegcidic,

el enental 25 ne xi des, organonetal lic conpounds, netal alloys,
m xtures of TRE %@“@@Hﬁnﬁ%gwfsg and the | i ke. The nmetals) or netal conpounds
are preferably a hta/Gf‘dwmmﬂétsD oftthe t&talysiasFithd resdrt dvation paiferablytifiat can
be sprayed or brushed are a preferred type of coating. In a preferred
embodi m2ft , mcrbéc metat,edclsaserdatlmsn hepalladiumt Blatinemgs patticulatlypeefemedal | i ¢

conpounds, reactin coatin t th the Espgci a Iy
preferred ar CEF& §|a§10{1ﬂ fﬁ“é‘t‘%‘ct‘earﬂﬁ f%%’&%‘f’@ﬁ%‘ia@ﬁr%ai 3\?“%pﬁ°

base materi ahogtfy réf‘gﬁbgqaﬁ(p[ 5SMSYE Bhded dfZe8lied..a conti nuous and adherent

metallic 21 June 20 WO 991 32580 PCTNS98127007 - 20 protective |ayer at

t enper at ur es bel olwthe pasent Iagpllqatlemdmdenwrlmzwﬁbﬁrandd‘rze@ltsllb’mre:tmdl tions.
Metal s that nelt bel wor at ormn ess co trons ar cially
preferred assﬂ’ﬂ’é‘gnw tegpfer F%faﬁ We&fegmpdgﬁ‘&?ﬁﬂl'tﬁ b%fe ¥St 18
substrabg MB§&ELgd in Fﬂﬁﬁs@xeg‘ﬁt&hﬁgé E&J,h%% SPPAENSE. %Cil]%d'll 9. Oy

anti nony, gernmani um arsenic, brsmuth, alumnum “galTium 1n urn copper
l ead, and niformulador zeolier atagibeirepresenpdiasdsilans al | oys thereof. Preferred

g_ﬁtn‘;‘: Sting of (P, anti noho-bo N oG Sehbe) SRR al ot numand
m Xt ures, i g gﬁbﬁ'dehﬁn@@@@éﬁ&%n?é]ﬁieﬁhts%é tn&ettw R Pty bESRPGUGL Y

preferred coatl ngs 1 nc e tin- ant’l non -an ger mani um

coati ngs. Thism Ortetabba M ZdoliteoL nitsCXHrhy dtﬁﬁ:atsnoaqﬂttadhﬁs pmpenre@t amdtxhethodl ayers.
Tin coatings are especially preferred -- th are_easy to apply. tq steel,

ar e i nexdfensfoyis arepatatien arpdeserihed in detail ubbh‘ﬁ gl’ratent No; 3 2156518& Zeglitedahast he
ti b ff ]y b
metal §or gy anemchieiPiesd bazstid A bR EGE b Panl £, Brede Tot iy

years of 9 5 operation. For exanple, tin paints may be applied to a (wet)
t hi ckness of between 1 to 6 mls, preferably between about 2 to 4 mls. In
general, the thickness after curing is




‘preferably between about 0.1 to 50 mls, nore preferably between about 0.5
. to 10 mls. Metal-containing coatings can be applied in a varjejyhesod®ys.

which are well 20 known in the art, such as el ectroplating, chemcal vapor
deposi ti onwoogasgouttering, to name just a few Preferred nRQTAdSo827007
appl ying coatings include painting and plating. Were practical, it is
preferred that the coating be applied inld-paint-like fornulation
(hereinafter "paint"). Such a paint can be sprayed, brushed, pigged, etc.
on react or Sysf §RsS V72 Rprintéd 1684 RMATRESFhrRd SR Com{RisindyI® teirshddrLaaf ed
froma netal -containing paint. Preferably, the paint conprises or produces
a reactive nednatinitértyipeicagesrinked byidohble lsix ringsah coltimmsj andarqssdinked by simgleal

- 3ppl | cabl o BRI HORE S RS PR GHES P BF Oy s an SRUEBRBFYse
met al Co”ponﬂ%eélﬁk eCh ek Bﬁ@&‘fgtaggro‘lhﬁb’tglmﬁi Fiin@fer O The BRR 1efFdhce
I cor?poun ch Il , a?

deconposabl e net a as an organonetal |1 ¢c conpoun (llnel y
“di vi ded rfet aU.SaPdteat Not 2216,%8%axe ipcarpanatediherein by referenxe, gartichbarlyoeith be
reduced at process or, furpace tube,k 21 June 2002 WD 991 32580 -21

PCT/ US98 ZYOWPQCéFﬁagFEIdéﬁCE’é“‘TCrPf&eBﬂ“@errred enbodi ment the cure step

produces a netalli i 40 3
i nternedi ate bond}[‘ﬁ%pﬁéﬂg%blﬁg? &g?ggﬁ%ﬁfe}y g%eﬁdgpgégﬁ}sf%fﬁﬁﬁgﬁg% 23 g%‘?n, as
descri bed i npidetns. FReveral fabrs bave ah, e3iEot onhie Ch-raysdiffiaxion panérablaekelite. by

reference in_its entirety. This patent al so describes useful 5 coatings and
pai nt f or mul Suehofaetorsinplude temneratyie, preyawe, caystal sizgetmpirities pnd type 0f gatiqnsy

exanpl e, tin ipt be ed. f i . t al t. ] east four
co‘rrponenw;1 opref‘ﬁ%i Fo’f 1?}%%{)?%%@«3%%%&\@{%@? E}:{eet?F?iai&h%}F%&@hQ%se%%l%b@sbl etin
conmpound, (i K)rap diffhdtedit pabtéii ¥bmes kdheWhdi®kdaddi ¥hdiREs picbiserETRbs, eHettefnh V)
tin oxide. As tha hy_drﬁgen deconposable tin 10 conpound, organonetallic
conmpounds sut4eolits It'] includesanyfahevarioas gedliteomade of eangtinit¢ eageahaving sef ul .
Conmponent (iy), the tin oxide is a.QErous tin-containi. onpound that can
sponge- up t_hg'%}’&c farhanpatem 34 ﬁ%%ﬁ%o@ﬁ&?m%ﬁﬁﬁ'f ’r%a%%@_a Yetallic
tin. The pal WB@STP%EM.M Yt RG89 MBpY-1 6tk %hre SbdvditidralysPhthibsifed
settling. Finely divide b I

tin mate}l’, corrponent (iii) above, 1§ also added to
i nsure ttat Shepotasdinro foiny that isunithethéaretical farautla pravipuslyegivan; imostofi the be
coated at as,|ow a tenperature as.possible. Th article size qof the tinis
ot of or abl y - SWafAtons B ToRaTiTe et 7 flitpdriiEss bt fiythbPrd: o
stanni des (efflexarhpella Hp8BNAdGR: Mtk Potalhich ki) cih B sAPRobie fpagat ed
under reducing conditions, e.g. In the presencé of hydrogen. I one

enbodi nent, 2dodites coanirding othexcations hy pabjedtingdin tyipailnzedditatorion-erchadege tin 20
nmet al powder, isopropyl alcoho] .and_20% Ti n.Ten-Cemaﬁ_@ma factured by Mooney
Cheni cal | nclreatimeiipjan,aquecys sphutionf An sppyapriaie saliprsakisy, Ve Htfi ns 20%
tin as nn I j i r d %i in
neodecafl%(?c g@ﬁﬂﬁ%@?ﬁﬁ%éﬁ%@%@%ﬁ%’?@f xé‘%@awfbgyglggr}?rgtﬁﬁt IC eﬁesses,
heat i ng unde¢atioaslitcthe geslite dict inaitss thiat are def$iohlt forrthe rengentg toadehcty Prefeteder

small regions (e.qg., welds) that were 25 not painted., This wll _cor‘g)l etely
coat the bask zaglitss for nerinthe peasent inysngap pesfheye YRthesizap Buthe perstpmfom.

protective | ?%?Jrﬁbl&%tgggﬁékdﬁﬁgq‘ow L%c&iteeﬂo%@xcﬁg‘ggﬁ 18 lzlg:é%tpggu é(ﬁfé/ [ %te ' a

al., which isinco rein by reference. re i

doubl e | ayer ptassiudi, Rkt prederablywitls ais alihlint @nthanethl, batiuibelngian especially
ni ckel -containing steel. Both an inner chromumrich |layer and an 30 outer

st anni de2d aypiefesred alfabine earth metpd forthispurpoge ps psniaaslysstaed kel st anni des.

e L0 B TS SRRkt B M DAL S st

catalysts, meaning that they do not have the acidic function of conventional reforming

catalysts. Traditional or conventional reforming catalysts are bifunctional, in that they
have an acidic function and a metallic function. Examples of bifunctional catalysts
30 include platinum on acidic alumina as disclosed in U.S. Patent No. 3,006,841 to

Haensel; platinum-rhenium on acidic alumina as disclosed in U.S. Patent



-resulted a chromumrich-steel |ayer containing about 17% chrom um and

substantially no nickel,_konparabie to 430 grade staihless sbegune 2021 ron
paints are al so useful in the present invention. A preferreg EEJ’J%{E&E;{)pai nt
will cont ¥Q%Y3%5$Bbus tin conpounds to which iron has been ali§ unt s
up 5 to one third Fe/ Sn by weight. The a_qgi_ti on of iron can, for exanple,

be in the formof Fe203. The addition of iron to a tin containing paint
shoul d afford noteworthy advantages; in partjcul ar: (_i) it should

facilitate tINe »$buiiol huksdabl;platmum-gnogagidic alyming ad platingmaridigm act i ng
as a flux; (wioh blshndR0H bfl afild il 1S SNCRIEN 1P OIS PRl PRb D87 Eoddi Stanni de
| ayer thereby providing a coatlng having bettéer protectidn dgal nst coking;
and 10 (iii)wilhelh(set disoabaibthet Acidic Ratalyststdoataidihg bisamth, btediiovedn ieng
protection of iron stannides even if the underlying surface does not react
wel | . Some dpackproundsesti®d, such as the tin paint described above, are

pref erably cured,for I . . opdit | pns, depend on -
t he part |50ul ar nel?)éam[%lg%%ﬁg%g&é%l%f%%ﬁl&%%ﬁé?%%%gq 8%2%)11§éeﬁe%/p%r nsp as
to produce afe 3&0IRE Etas Be&H &dhangedhRith AY Slkali Fastalf AssdleHea $n BIB! Pagipt act i ng
time depend on the cure tenperature used, the coating netal and the

speci fi c corjerfehi432) totBrmardat ahgplatinpe on zedite LThwhersiuthe deotite &rhiaalbserar e
preferably cured in the a nce of oxygen.. If the re.n al r in the
Tetall o ot drchnesdyvilan pRa estty Ay grissiosed B & PN 4R ads o
preferably aghy %@m&@@flaﬁin%h{@n 2ddmMsSPhsdRclodtd Bl B %aPAEnROREIY s0_g- Cure

20 condi tions dependon the coating netal and are sel ected so they produce
a cont i A0ousBussgFieki andR ohipsongiapd platicurn we Halogenateda¢olitelh @s disclosed ndhest eel
substrate. TQg Las]uldtm %ot ective layer is able to withstand repeated

t enper at ur e RYPHO PefsRs cied 2bR¥§r ade in the reaction environment.
Preferred protectj : : f gl d : Be%%l are
subj ected to oxi ﬁgﬁﬁglﬂéﬁé??%hﬁeﬁ@l@%ﬁaﬁé ﬁﬁ%ﬁ‘ﬁ%@%@?{ﬁ e %ﬁ\?\%% h coke
burn-of f. | rhigleteperatutehedusedioratiivageddH FR)ecatalgstt or system having a

met al - cont ai ni ng coating, plating, cladding, paint or other coating applied
to a portion therRsferghly,the peatrggianent pragessaised pn the Gagalysh pecuss inthe presencat ur e
sufficiggt t roduy i 0 YA I j £ da0: y be
Feadi |y et o ARG LEh T hiroBbERE histBed YOS, PAGSAS0 SR LR
presence of JaueregeN199%,andiI8p Patchesppliodtivar G8/47%S5,82 1N &hichr die héreby &fpréE
protective |ayer nmay be determ ned usjng petrographic anal ysis. 21 June
2002 Wi 99| 3nggporiEH hyggErentedn theprentirety s Geperaly.rtheicarizating @eeurs 8kl t i ons

result in a protectiyve | r.that i.s firmy bopded tq.ihe hi s may
be- acconpl | SERUIE o Tan 1500 B o HPPtre BP0 QS g7 Brd0H e
tenper at ur esy hdRitah 20 hoti! ﬁbr&ﬁ@&%ﬁ!ﬁi for@P [das¥ NRSUrk, And ﬂﬁ)spﬁr'eﬂatrabl? kGitak N,
cl adding or other coating are preferably cured under conditions’ effective
to 5 pr@Oucdeasphid8houes. aVorameferablg ot campbsaturhin frong HIS08R tw R SOAE. &Nt i nony

pai nts are preferabl t/wcur ed. between 1000F and, 1400F. Tin paints are

preferably dmedlibs [fegh ofdime fordhe prgeatment wihbs somgwipbdensnderdypan theer a
period of h i qrefct e ] i i presence
of hydr ogenoﬁga?gg%é%eﬁgfemf ega vant agEelféétjtrsu%\’t}ﬁetﬁg?1 ﬁglsﬂg@?%@i{%%ﬁegﬁﬁgerr etguci bl e
oxi des and/ areagnygeimethat Rideeded. 10 or ganonetal | i ¢ conpounds. As an exanpl e
of a suitable paint cure for a tin paint, the systemincluding painted
portions can be prasaseammengialisiz planbil isdepgssany @ Hmitthe moisdere sontenofsbeli t i on

Pai sed 28 Som RS e b BOR b AERb b ane Mol FUBRL MR O | e
rai sed 10 2 dobp dofor¥Eon SR Fererdufctha e SARAODS TGS Lhi n ¢ hat

range for about” 48 hours. The Furnace Tube Construction Materia
presence of moisture is believed to have a severely detrimental effect on the catalyst

Ay
P

activity. It has therefore been found necessary to limit the moisture content of the
environment to as little water as possible during said treatment period, to at least less

30 than 200 ppmv, preferably less than 100 ppmv water.



+There are a wide variety of base construction materials that can be used in
the furnace tubes or the heat exchange surfaces. |f \the tubeqsmka002 are
to be protected 20 with-a netallic coating, then a wi de range of steels nmay
be used. |wopemessel , steels are chosen so that they neet theCavusasgréo7and
flexibility requirenents for the catalytic reform ng process. These

requi renents are well known in the art anrtb-depend on process conditions,
such as operating tenperatures and pressures. Useful steels include carbon
steel ; |ow alloy g}@gkembbditheRt irtorfer tPlimit ekposhire 8Nthe2atallyst iy Water vdpoghs 300
series stainless steels including-304, 316 and 346; heat Tresistant 'steels

i ncl udi ng HK-high ampetdRurss) it ia profirrdd that the eatalydt bt rdheedsinithally st atampenatueed or
chrom zed steels. Preferred steels incl géj %t he 300 ser.es, stai pl ess steels

“and heat resibstwgen 390dopad 7085k Adiergrash WalsT s ReAted dyring gatalyst
cccur . Pre enfty8 B biddtReh uibeBiivdy e toaiefte riiled J6wEAR BRI

" bondi ng 06 " Glep@iise fasti6n td @inakignud hpestuethetees1025PF and 1980°F, not readily
21 June 2002 991 32580 PGI/ US98/ 27807 -24 peel or flake. For exanple,

netal lic tin, ger rkheitemperatreprographgnd sasdlaverategshonldbeiselested|tg limit waigr at i ng
| addi dyced,in-sjt i i th | L evat ed

Cenper at ur os SeBSTIGYElY & erereios CiTufrBPieet G200 Phry gl e bnpIG A,

S, 406, 014 or M@ngﬂ‘(vléﬁe%%e Q?élﬁ’stt&dkﬁﬁﬁ&aﬁ‘ﬁe Blceedd'F0250R4 TRATRE LS ieﬁ erature

incorporated herein by 5 refefence inits entirety. |If the tubeslsurtaces

are not to béngéstesthedind hdtivatiortediperatueosill thgicallh&yersi bebgedpr oamic300H

agai nst carburization and netal dusting with a cerami c coati n%ﬁ These types
of coati #@s aechavs| IGenaraly, the catalystawill beceeatedzt paate between 19ad 25 pérur nace
tube reactorg may, al so.be.congtructed of u at stieels.. sg.long 10 as the
steel s have 0f“'e.sllt éstlgﬁggeg@‘aéa}etﬁ?f&‘;ﬁ ﬁ?\gﬁlgﬁﬁge ﬁ%glg?t lffﬁsf“?lﬁé%?if Pfogﬁ as
great as 347 estRUB00SRDIEhEFer VOIHRIe dfdtalidt pérhobf fviticit ik ga8 MEWivdlirie isSee
Exanpl e 4 below. Useful steels include tthe 300 series stainless steels

i ncl udi ng t ymecasSiiréd aBdéttndantic@diticsss af ohe stnaspbat and 6. nesthartveords, thegdss

i ncludi ng HK-40 and HP-50, as well as treated steels such as_alum nized or
chroni zed st domsvolyme isgreptar than a@P gashourly spacrevelpms (B5mA- ((HAY V'S H gNgess

A A e s AR U

used. Lower sR&Q600 pérdfout are\adss prefericijui re nore tube volune to contain the
appropriate (desired) amount of catalyst and thus may_ be | ess desirabl e,
particularly if tH&etnseteatment RERCESSOCERISRIIN teonfaciingrthe seferming satalyst wish 20

Fur nace. t ubed B4IGeRATED, ey Bord #0RE: A0Ra0 TR ANy A8fed ROPDuthg) |7

furnace tubes . . esi'red-pressure drop an | ux
across the t waf§spheredh i leRfleratd€ rdnge oF o TOSPRIG L 275°FT AlliRufvbtheee t ubes,
and the | ocation and nunber of burners, allow for regulation of the skin

t enper at 80e otducing gasseszer be usedsdrydhydedgenasprefreredadiagiedueniag gasi dhe
tenperature 25 profile of the furnace.tubes. These paraneters can b

dos! gned to DHGRRH breeafalts gired WHE R TR Togh o ArPRELIAM ME ATt Faever
the concept Gfqiohen B 8 SlknkdNERIIRTaB ARKRORS1 %1300 By [olbRRCR1die basi cally
conventional . "AcCordingly, the sizé of the furnace tubes wll be at |east
two i nches i typicadlydhowiewnshe amountrof hydmigen abthy naikture emiges fromeaboucHe® i n

i nsi de di anet Z)g/ Al so, the furnace will be heated by conventional 30 neans,
such as by ga@"bY WIPme; r ed bur ners.
25 In another embodiment, the catalyst can be pretreated using an inert gaseous

environment in the temperature range of from 1025-1275°F, as described in U.S.
patent application number 08/450,697, filed May 25, 1995, which is hereby expressly
incorporated by reference in its entirety.
The preferred inert gas is nitrogen, for reasons of availability and cost. Other
30 inert gases, however, can be used such as helium, argon, and krypton or mixtures
thereof.



21 June 2002 WD 991 32580 PCT/ US98/ 27007 -25 The pressure drop across the
| ength of the furnace tubes preferably is | ess than q} equal 40,4 P2
nore preferably |less than 60 psi, nost preferably | ess than e
outlet pr &Qﬂ?/ézsf’% preferably between 25 and 100 psig, noref] é&é{’%
between 35 and 75 psig, and nost preferqgky bet ween 40 and 50 psig. The
outlet pressure is 5 the reaction mxturé pressure at the outlet of the

furnace tubes, that is, as the tubes and contained reaction mxture cone
out of the furnacAccoréingiie an aspeciably Preferqs] embodimest of the resept daventienghesent

| nvent i on arreddipgbfotufe ARl Ehaba Bl b BRsES! dhEo RS8R i Enbon o
i nvention i scop@find HhABSEL Tids Hﬁgﬂe%bﬁﬁﬁing&t AR, inaatthalokend 418 oftBR Bisdd 16
details of the exanples. EXAMPLES Exanple 1 This exanple conpares a

convent i onal coattitatteita the acitlity of alupina suppods fenacidienbifungtionahrefeming nal | y
heat ed furnace, tube,.reactor of t resent invyentjon, The catal yst used in
Chis comPar SAVIE TPEEYer e She R BEA vt ST bR8a oo KolBE 1 Falibe it e
RAULO and | KghiRefebdthing the fish-£3dic] Mbonofii&tidal Slar¥@brsiR o theCalal (S Mdtibdshe
two systens is the sane. The sane |ight naphtha is used as feed to both

react or systfermmakiligmontagidic halppgemeorftapubg zooliteilnbased catelysts ate digtlesed9n the
percent C6's | mar | graffins but alsq 2 I nor anmpunts of napht henes),
and 8 perce g@“Q/‘H}C{# &}er?‘ceﬂ?étegéf’fb'{etlpéli‘%gé%%déﬁgf%s in the exanple
have been adj ust ky e t . . L systens in
t he conparison e%%gﬁ3%@%éaab%qgﬁnéegﬁgédz%gloégcg]ﬁlgg%%’%g&?&g%f nal | y

heat ed f0r ngnetiduldity byethe tconttakt dbriden munbluncsivag{nomwacitie) reforming catalysts

syst emlst 2nd3r a41h5t h6t hTube i nner di anmeter, inches3Nunber of tubes800Tube
fen , feet1 adhifuncienal (cidie) reforming calalysssoBos outhotafashiepingeerasiditds at

reactor inl 459 9 : ' I .
ressur e4545ﬁéyqtll}fg§ pﬁ%g%créloy @%121@219??2 ?’(@(Zal?lhg Lﬁl} ﬁ?@%ﬁ@e‘% g%?fi&%?’c%g H?%%‘éal?lly Bt na
ht haH2l H dr qghicRed) zﬂ@ibgewitl@bﬂﬁi_éﬂﬁhcérh@it@f thit catfy S by @RHBBiBEBHE suckbas
aromatics in Cs+88.866. 7TAromatics Yield, wt%of feed74.159.8 This exanple

shows that, sodivazaed/ompasessivim fronhthespatbesizedds zealite psing alkali onalkalinesartha
single ternally te opventional furnace. can,effectively replace a 5
i -t eadbor Tiapls) FAcIRES pkaR pE AGHES o R daf Sy St itbingdndiudc et tbes
of the furnggfassibiifaiti R, | nvention also provides a substantially

increased aromatics yield. The increase in yield results in nore aronatics
produced during tHee term “ngn-aeidicitalspedopnothehighsalgcavityutfghe eatalystrfocan be

operated at | ower. sever.ity. all ow. a ch | ower deactivation rate for a
o ven v el d SORMErioncl alPRRiSy AT BRSO A P T PG A et oluche

and/or xylenes. High selectivity includes at least 30% selectivity for aromatics

20 formation, preferably 40%, more preferably 50%. Selectivity is the percent of the
conversion that goes to aromatics, especially to BTX (Benzene, Toluene, Xylene)
aromatics when feeding a Cg to Cy aliphatic feed.

Preferred feeds to the process of the present invention are Cg to Cy naphthas.
The catalyst of the present invention has an advantage with paraffinic feeds, which

25 normally give poor aromatics yields with conventional bifunctional reforming
catalysts. However, naphthenic feeds are also readily converted to aromatics over the
catalyst of the present invention.

More preferably, feeds to the process of the present invention are Cg to C7
naphthas. The furnace reactor system of the present invention is particularly

30 advantageously applied to converting Cg and C; naphthas to aromatics.



+10 than a year. W have also found the this result can be acconplished in
the furnace tube reactor, system of the present invention at 34 Qware089ak
catal yst tenperature versus the use of nufti-stage adiabatic reactors with
convent i on@lo doreces precedi ng each of the reactor stages. pcrAisednansm?2002
WO 99/ 32580 PCT/ US98/ Z7007 -27 Exanple 2 This exanpl e conpares a
conventional adiabatic nufti-stage reacter7-systemto the furnace tube
react or system of the present invention. The catalyst used in this
conparison is platp i : ¢ ! uLoO
and I KC 5 patentswgﬁ@dﬁgaé}?%grgse% 8??%&?2‘? dg?dlﬁéggg&%@?ﬁ%gtgfgﬁn%@i n
t he furnace tnthade; esddsoribédsabone gadertSvmmmany dfttiee Iniverstione 2m kHISY bateted¢rhE St ot al

vol une of catal yst, i wi ce as much as i.n the first exanple. The total
“vol ume of ca?ﬁ@é@tl iy 8‘“@9@’ alg betwypen 09 ande- G aFgactants 70 cubi ¢

feet). Th | L.aht ol . Th
condl 11 ons AP tyeaRE) 0 and 1825 HE apEBE o B BREKRE AT A S 10
‘sane totag ryggpspngth for the two systens in the conmparison. The feed rate

of the two systens is also the sane. Furnace tube reactorAdi abatic
nuf ti - stage react Brefexablyethe catalysy 9sesiniisnproegssied therpresentiinyantiasris bound.

i nches4Nunber,.of. tubes610Tube fen. ., feet22Catal st | une, . cubj c

f oot 11701201 Ritoibe HSTRAL BfroePels pruSEsngly, ombonal B #R6n-b5hR Gatalys
F9209709709758&?8&92?5&&&16{ off ERXRWE Po%%%@éh‘e@biﬁd@ﬁ%’df it 24falyisObi tile Hour Iy
Space Veloci , 1/hr7)2.02.0FeedLi hi na hthaLi ht na hthaH2l Hdrocar bon

mol e rati ol. Ptese@Snventiondye almins arfsilicac $ilica0i8 @spevially prefervedofor e datalyst
CS+93. 980, OAronptics Yield, w.% of feed74.165.1. .This examl e §ho tthat
for a | ol®r X849 1pith presentiguention, Prefy Amisof Rindeg are fromp4R 9Pt Ko

previ ous exagpl nishdd &Fﬂ%%@ﬁ?g& B1y} 6 G196 SBtwiOds, Eﬁ@stﬂLﬂlﬁ A refefaffyIt | ON,

a single furnace reactor-wth al yst disposed 1 n the tubes the Turnace
can effecti védlom 10 21300wn&62002 WO 991 32580 PCT/ US98/ 27007 -28repl ace a

six-reactor nufti-stage reactor system This anpl.e al so shows that there
i's a substantial | Y\SSBE FRRIYEFBRADS W%‘I"&Eﬁ%‘? é‘q‘ﬁ"égWFFéB@E?fe%‘Efb ereifihe

nrease 0yl dod I Bolift IO ApGHAIEE he SaBR0URRE GHLWAR hiRaEH

Al ternatively urnace tube'r or can be-opera at Tower severity

al I owi ngt® much | qhekerdedeitdlyar isaiged héreinfiara @odd @nseeto indladeithe Hinsl aitdl?ew ng a
run | ength of substantially Ionger than a_year. Exanple 3 In the follow ng
exampl e, a hegwellagpeacursgrseofithe findl watabysh| Pipcursarsof the final satalystiinelndg, for

heat ed fur nagg%‘ﬁﬁgf?‘??@ﬁwf{d %ﬁ% o?ﬂ{g)&ﬁa??stm i Eé@:g%fcahli@st ﬁﬁgﬁg% catal yst 10

in an adi abati age reactor syste rna urnace tube

react or Adi abattivatioh by irediictigs. TaatrMr“catablsEnid thuddiséd toTrefed to' theetivatier
di ameter, inches4Numper of tubes740Tube fen h, feet24Catal st volune, cubic
f eet | 5501501 58atalysErcemErooExaherein.and i othes gentexts fawedsr to precursor forms of

000350404 SR Ol LR AR BTSN 20 o
rati o33CS+ fiel d, Ao with@bgdr@ &FER-oF 8 RAlbgenYecarfonmbf e mohofdicldnal Caxalst

in the present invention, the percent halogen in the catalyst is that at Start of Run

(SOR). During the course of the run or use of the catalyst, some of the halogen

usually is lost from the catalyst.

25 A preferred embodiment furnace tube reactor system of the present invention
refers to a reforming system in which non-acidic, highly selective zeolite L based
catalyst is contained within a plurality of conventional furnace tubes which are
themselves contained within a furnace. See Figure 1 which shows a schematic
diagram of a furnace reactor reforming process.

30 The furnace tubes are preferably parallel to each other and are preferably

vertically arranged. Typically, rows of furnace tubes alternate with rows of burners.



+ This. exanple illustrates-that a six-reactor nufti-stage reactor system can
be _ effectl vely repl aced*by a systemin accord with jghe preselling Ruent i on
wher ei n cal; 288105 is disposed in the tubes of a conventio %7
externally %e’é?" furnace. The catalyst used in this exanpl ﬁ'{‘s/ﬁ%ﬁ | g
tenperature reduced catalyst conprising Rig on L zeolite. This exanple also
illustrates that t he syst em of the present invention provides an increased

aronmatics y| sul cco | ish t a | ower, pea v .June
2002 WO 99 3 F%W‘Ug 3/68‘?" ?‘Bﬁ}gdf MyEest %‘t‘b&ft‘?c?ﬁlébeéx é&‘tﬁ%l ly
heat ed furna 6hAT t

furnaces andggg%éa;?gth l(Ea)ﬁr eact st)ééi&ﬁwgedr??%sﬁ ﬁgﬂg%ﬁ%ﬁﬁg&#gﬁgiﬁe&&@%e

resi stance otheVés designasdtaghershmdbthe ©sodesignate talsasb Figurea8ishowaadongitudinatiust i ng -

under ultra | ow sUIfur reform ng conditions, the faollow ng test can be run.
The test mak¥$W of the praferzgd mbodiment fumgeasiugie reagtos where g dayners are shpyp
exanpl e np inless steel. The test uses a Lindberg -
gquartz t&ge ﬁﬁuélﬁgglgwaﬁaéﬁgté’r agttjl‘?geg controlled to 10 within one degree
with a thernpcoupiThe phts att pefetably 2xd iriches ifdidhetet, widreiprefefablyeeet ed zone.
The furnace tube had_an internal dianeter of 5/8 i_nches. Sever al
prelimnary fdéaghes imdiameter.and mast preferablyd tagdnches in digmster; andecasrbenoor

usi ng a ther nded within e of The

i nt er nal them%egﬁmge%ﬁﬁwgﬁet e%ﬁ?[ﬁfggblggeﬁségﬁb qq&%gtfofﬁtgﬁtlp%a%% er nal
t her mocoupl eprel&a grﬁpé Seddt 16 fRElohgaMle Airhieienteb 8f the FiirdBe EEAAPIRE are

t hen tested at 1100F, 1150F and 1200F for 24 hr, and at 1100F for 90 hr,
under coHli t bumerstdaatvagi. ihuathe fuhrece xybes carebapositienedwedidaly sorunder

condi tions oL Iovasullfur reform ngl The sa | es af Va]recld’ us rrat erl aI shoul d
be cl ean andhPizanogally ofin an grhor coil grrangemen W‘n(ﬁ(}tﬁlj‘ﬁ? €d be

equal 1y SmoB%neEQ%n?ﬁ@Ws%%c%ﬁ@%t@H?t?@ﬂuﬂnﬁet%fd?ﬁ@x@nﬂ%@ist ?ortiﬂﬁﬁnc%%t Y}tet hin the
hot zone of the furnace tube boats are 1 by % inch and fit well
within the thmtomolﬂtltuﬁmmoﬂpomﬁng hp ot atithe sidb ef thedtmaee poiatingbbwzbntallysi | | ca
gl ass rods f ea cenent. and reppval nte nal . t hernocoupl e i s used
when the boa gef%ra@yyﬁﬁaggaaqeﬁ%heaérqmﬁt%‘évww t@t'a rtletfwomtﬁgd?@gt

mat er i alﬁ-)argargﬂé{ Ze and shape suitable for 25 ready-vi sual

i dentificati fter any ‘pretreatnent, such as roasting, the sanples are
wei ghed. Most sanpufificyiiagiors can betlinked mnegor ihyparalkel,| bot pededablyithe | S
conducted with three to five sanples in a boat, A sanple of 347 stainless
steel is preswstam isdesigard pothaba singlejfumapsieacter irsad. dReﬂ@?@Peﬁtﬁéﬁ&ﬁtﬂ @s are
pl aced, the | L hut es.
A carburi zi né}%@&ég @g&i@%‘ﬁﬁ@ i‘@a s St?{ndgﬁ"{%‘% EEI}L?/L %F g‘g‘s&%‘&gf‘?\%p
hydrogen is hithtl stelle firaa@ teattor ib pfeférhtats kndis ﬁeaghte Ruith 4 Pt Lekolétegaralyst oom
terrperature in 21 June 2002 WO 991 32580 -30 PGI/ US98/ 27007 order entrain
about 1 2@ t ohaxingahigh activitpan g oy deaetivatingaica We hrve foynd shat seplacement oles s

1,20, S i e P

oper ati ng t efRestaicnf Esstefor @ Pt Bizeokte refoghér, L0O0F/ min. 5 After exposing the
materials to the carburizing gas for the desired tine and tenperature, the

apparatus is quenbheprafm&d camboglimentt u@m&mﬂwidduheg filled weith eatalyst, thee fedde
tube. Wen the a tus i fICI cool ocar.b S I s swept
out with nitfYg %ﬁ ghettﬂg EH’&;{“ %%F*‘t%ﬁeé’c‘ﬁ@%m ?Q’ﬁgﬁ%t:

After coppl ehh@ﬂr@&ovﬁ?ﬁi?o {Hé'ﬁreﬂd?ce 'Hﬁrlﬂzb&inﬁﬂl IRdat HIE wWRRAR! thRRBe @R pamiter i al

is 10 carefully noted. Typically the boat is photographed. Then, "each
mat eri al andwht® feed sxioatinglintwihe famaccmnbes N@uwiensglhﬂmhl@ dhematwedp, ahanges.

Care is taken to keep an de thth rlate sub te

mat eri al . Th@“"’i‘a ycf“h ?1“??15‘53’? al m" m‘b‘?&ﬁﬁtﬂo Lﬂl?g'
olished in %b&;ﬁ 0
gnal ysis. The dg%tee 0 P éﬁ%dftg?gél%gé@ggﬁ?%%g:bge% t%%ggih%?tﬁ?éggﬁ@ I'n |calto gs

t he et al duﬁtelrag:tatmhttearburl zation response of each material. In general,
a qualitative visyal anal s of net al reacflwtles is readily nade. The

resi denc® tine of tndeambled Girgaee W RirioRes arébe heal skehange Beaseatishb) y
hi gher than h&t&éﬂh&@&d&@a}%{s%&'resﬂpﬁxgaa&éx{t&ms@é’ dd Bf%ﬁ} A fiddiflg hhat the
test conditions na re severe commerci al conditions.
Neverthel ess, the test 20 provides a reliable indication of the relative
resi stance of the materials to carburization




and nmetal dusting. Exanple 5 -- Preparing_Tin-Coated Steel Pieces of 321 SS
were coated with a tin-cpntaining paint. The paint ()onsi st ed 25)e 7002

m xture of 2 parts powdered tin oxide, 2 parts finel¥y powdered tin 1-5

m crons), waahsget annous neodecanoate in neodecanoi ¢ aci d {PRONSHB2700EM Cem
manuf act ured by Mooney Chemi cal Inc., Ceveland, Chio which contained 20%
tin as stannous neodecanoate) m xed w th-19%o0propanol, as described in US
5.674.376. The coating was applied to the steel surface by painting and
letting the palifindny chrbufizAtiondhl Phetad Qudiing Mdeast Afgreat RiRA oFhRRI34AS
contacted with Rowi ng hydrogen gas at 110 for 24 hours. , Y 21 June 2002
WO 99/ 32580 R@IileiSS8ick iod low sulfirgeforming ¢omditionst Ehe sasistAnce pecarbwnizatinnt h
internetallic tin |layers were exagnmned visually for c | et eness, of.

- coat] ng. Al s Fstal Clating RS AR el LR the BrosF itk @URe BFBRmun e
exam ned usi q%a%@gﬁrp_graphi c and scanni ng el ectron m croscopy. The

m cr ogr aphs sho that the tin paint had reduced to netallic tin 5 under
"these con8li tions. Mapoefeirad embodimenoatithe arventicet, thd fuenace tdse/raactdse laresinadi de)
protective | ayer was oQbserved on the steel surface. These techni ques showed

that tin int & @047 stainless el ata steslhaving argsisiangede caryrizatipn andinetahi ng
t i des, . ' ] . A
i ckel - dop! el SIER aEured 347 KARRGS Yol B 13 M b U EI BPE, 5

present. |If toxgthadldomgrisiag pling ciddingypaintisygrasoating the suffhcesfodiesntayime was
not fornmed. Exanple 6 -- Analysis of Steel Sanples of coated and preferably
heat cured stkedesd ipprovideimpeayed sesistaice 49 capuniaation and metal dusting: gF (tke and

et ot PUERGLAbL e hs R YR L L bih ERod P il 3P B i 70
reform ng comginhécibes HFOBoAARLH A 0F a G 109 sefi@ktéed peRiRIAWIE ah Dfterpitealic al

conposition of the layers. For exanple, tin internetallic |ayers may be
anal yzed for coating omthelsutfacesthat contacthiydsoganbbes. 7 Det er mi nati on of the

Deact i ti Rat f t a~st ti ' t f t al |
Used 1 n the pr osolt OnfGERPRBHIE ST MAREYH e DR s RRY ElALEopRrGRE
plant or sl Mcbatnelietaliaiacsthitdier bt A8 1w4ases forondpRMhbIpBPIE No 2

standard feed. The fee o the unit should X raffinate froma
convent i $bal 50%, orare prefatablydDiexstr 7304 ambimestfprefarablyotolall) hfithe stitfece ayka that ng

R 0 e N
to 35wt % t Y degnt  of
| ess than 6 \?\nﬂ&%})&%ﬁ? F%dg%k‘s?ﬁlgﬁlﬁ%p%g%?lg}'%e%té%ié&g{‘{ﬁgﬁ&%géggg&gifc as%fo?ur and

| ess than 3 ppibideflayes.eA préfeered metil-cpatad teastoo system peederhblyfcommprises a base

construction material (such as a carbon steel, a chromium steel, or a stainless steel)

20  having one or more adherent metallic layers attached thereto. Examples of metallic
layers include elemental chromium and iron-tin intermetallic compounds such as
FeSn,.

As used herein, the term "metal-containing coating" or "coating" is intended to
include claddings, platings, paints and other coatings that contain either elemental

25  metals, metal oxides, organometallic compounds, metal alloys, mixtures of these
components and the like. The metal(s) or metal compounds are preferably a key
component(s) of the coating. Flowable paints that can be sprayed or brushed are a
preferred type of coating. In a preferred embodiment, the coated steel is heat treated
to produce intermetallic compounds, thus reacting the coating metal with the steel.

30 Especially preferred are metals that interact with, and preferably react with, the

base material of the reactor system to produce a continuous and adherent metallic



21 June 2002 WD 99/ 32580 PCT/ US98/ 27007 -32of any ot her possible source of
sul fur contanmination. Caretnust be taken to avoid sul flr contg,mmﬁébg@z of
the systemand to avoid using a previously sulfur contam nated system Two
pat ents t havOO¥3¥R0 how to cl ean-up a sul fur contani nated sysP&HUFE21907 g
Patents 5,035,792 and 4, 940, 532 both of wg'bch are herein 5 incorporated by
reference. The LHS V of the unit should béVset at 4 ( | /hr) with a system
pressure of 85 psig . The hydrogen/ hi;g;ocar bon nole ratio of the system
shoul d be 2. piotective layerpit tamperatures ety dr ¥dhe pended dydrocarbon epayeasion e
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20  known in the art, such as electroplating, chemical vapor deposition, and sputtering, to

name just a few. Preferred methods of applying coatings include painting and plating.
Where practical, it is preferred that the coating be applied in a paint-like formulation
(hereinafter "paint"). Such a paint can be sprayed, brushed, pigged, etc. on reactor
system surfaces.

25 One preferred protective layer is prepared from a metal-containing paint.
Preferably, the paint comprises or produces a reactive metal that interacts with the
steel. Tin is a preferred metal and is exemplified herein; disclosures herein about tin
are generally applicable to other metals such as germanium. Preferred paints comprise
a metal component selected from the group consisting of: a hydrogen decomposable

30  metal compound such as an organometallic compound, finely divided metal and a

metal oxide, preferably a metal oxide that can be reduced at process or furnace tube
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lgg;agtz 538 gr eagettﬁﬁg.t ?ﬁlElyQi‘iviHé(J)ﬁn ﬁl%zal,séo?ﬁﬂz)lngﬁts(iiﬁtaﬁgl/e, is also added ¥ Mfisurdftar VO
15  metallic tin is available to react with the surface to be coated at as low a temperature

as possible. The particle size of the tin is preferably small, for example one to five
microns. Tin forms metallic stannides (e.g., iron stannides and nickel/iron stannides)
when heated under reducing conditions, e.g. in the presence of hydrogen.

In one embodiment, there can be used a tin paint containing stannic oxide, tin

20  metal powder, isopropyl alcohol and 20% Tin Ten-Cem (manufactured by Mooney
Chemical Inc., Cleveland, Ohio). Twenty percent Tin Ten-Cem contains 20% tin as
stannous octanoate in octanoic acid or stannous neodecanoate in neodecanoic acid.
When tin paints are applied at appropriate thicknesses, heating under reducing
conditions will result in tin migrating to cover small regions (e.g., welds) that were

25 not painted. This will completely coat the base metal.

Additional information on the composition of tin protective layers is disclosed
in U.S. Patent No. 5,406,014 to Heyse et al., which is incorporated herein by
reference. Here it is téught that a double layer is formed when tin is coated on a
chromium-rich, nickel-containing steel. Both an inner chromium-rich layer and an

30 outer stannide layer are produced. The outer layer contains nickel stannides. When a

tin paint was applied to a 304 type stainless steel and heated at about 1200 °F, there
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a hydrogen-contammg stream. The reactor inlet temperature can be raised to 800°F at

a rate of 50-100°F/hr. Thereafter the temperature can be raised to a level of 950-
15  975°F at a rate of 50°F/hr, and held within that range for about 48 hours.

The Furnace Tube Construction Material
There are a wide variety of base construction materials that can be used in the
furnace tubes or the heat exchange surfaces. If the tubes/surfaces are to be protected
20  with a metallic coating, then a wide range of steels may be used. In general, stecls are
chosen so that they meet the strength and flexibility requirements for the catalytic
reforming process. These requirements are well known in the art and depend on
process conditions, such as operating temperatures and pressures.
Useful steels include carbon steel; low alloy steels such as 1.25,2.5, 5, 7, and
25 9 chrome steel; 300 series stainless steels including 304, 316 and 346; heat resistant
steels including HK-40 and HP-50, as well as treated steels such as aluminized or
chromized steels. Preferred steels include the 300 series stainless steels and heat
resistant steels.
Depending on the components of the metal-containing coating, reaction of the
30 steel with the coating can occur. Preferably, the reaction results in an intermediate

carbide-rich bonding or "glue" layer that is anchored to the steel and does not readily



LSGLOYE: ()-" 109%& ()-! 109%& ()-sYm 109% ()- 10%& () - $$%&&, & &IEmb@0Y

3100& ()-L110% ()- 010%&!()-8) 10%&’ () - S) 21 June 2002
109%& ()-"" " 109%& % """ XmbCLO#yg10%& ()- 10 10

10Y: : 10%& WR9962580g () - 6. 100& ()- @L0%& ()- PCTAUS98/27007
))*, z, WUBNDCL #109& ()-!tL" #10% ; & ()-'tlz#loo/& ()-1p L #10%7& ()-'T |
1109%& ()- !| 110% & ()- z,-.)/{/=0w0x0}]

10LY4nt 109& () - ! yr LY4nt 10%@a88: ()- 27109 () - *9 *G'10%& ()-!v9 *G' 10%00&' ()-!
91 3" 10%&' () - RERIOP Gelge 2‘8‘%@@ b, ntaliee (lyrgennmm @}iﬂaﬂm&wwhm applied

Il(g), }-??#\1 SL%(&) é)r qtgr 4(3r clqd]iig%loiég% uqed %ﬂ%lil% readily react with steel at elevated

1109 () - 9" 1Q%arteatlives t %rﬂxpa/ﬁm{d) _F']_lhyér'zis'iﬁ&éscﬁ%' ih ' U.87PaéntNo. IE0EIK dr) - !
m' 10944H&" () - #y S1094& () 10TT 10TT 10TT! (S#109GT& ()-t==

’>c’>@\bA} "’?r SW®'9¢j1589ibqth td Heyse @val. (Dhel ‘P14 pategipinsbipotated heei k) - 1 \ " 10% H\
Q% bA BBDFDGDHDI DVDirg\:!t!0Y10%H& ()-m 10 10
101 10%& TCRGORMIS GITSY v+ S11 008" () - ! t Y+S#10% Ht H& () - VDUDDE EEF}~?g\ :

t'y310%‘& If the tubes/surf: t to be protected with a metallic coatin
1044 () - o () [ the Sbesisurtaces re nok fo b protacted Wi & metallic coating, dicy.con be |
10948’ () - SH1pAdttdd) ag aﬁ&l%ﬁ&‘xz{a}xoﬁ@ﬁﬂ-l&ie@ldl}ﬂ%g&ﬂl(ﬂ)acemmxc coating. These types

_ié%:&%%i ?H g({a'}lggg %"cll‘%%%llg) §%%]lgfw&4 l?qg"JWBKKdEg\ 1t1yF. 10%4& ()
100448 () - y%%lof%:ﬁé( f\‘%‘?ﬁ}%@é@hﬁ’m}é" pe PosirystegoEpsoatedstegls, 80 lang o,

10H 10H@F 1898H&'stcklsyhave @%ﬁstidce/t&czixﬂ&ﬂtt?at(oh-an& WWWQW 4d great as
#109&' ()-! ~L #10%EE&( ~L3"109%& ()--!XL3"10% (&.()--!~ L3" 10%E& ()--!
L3"10%J& () 3471 saglas wideplogy sulfur reforming conditions. See Example 4 below.

107000 2 SR 5 ST s B M s s S ke B 20
F! 109 HTHE' ( 3tainfdsh $¥sHhéd&rdsistaabad¥iikeluding HKOA0H&d [P-50, 49w as treated
steels such as aluminized or chromized steels.

15 As stated earlier, I have also found that in the process of the present invention
high space velocities are advantageously used. Relatively high space velocities allow
lower total tube volume to be used. Lower space rates conversely require more tube
volume to contain the appropriate (desired) amount of catalyst and thus may be less
desirable, particularly if the total furnace size must be significantly larger to

20  accommodate the increased volume of tubes.

The diameter and length of the furnace tubes can be varied so that a desired
pressure drop and heat flux across the tubes is attained. The length and diameter of
the furnace tubes, and the location and number of burners, allow for regulation of the
skin temperature of the furnace tubes as well as the radial and axial temperature

25  profile of the furnace tubes. These parameters can be designed to allow for
appropriate conversion of particular feeds. However, the concept of the present
invention requires that the furnace be basically conventional. Accordingly, the size of
the furnace tubes will be at least two inches in inside diameter, more preferably at
least three inches in inside diameter. Also, the furnace will be heated by conventional

30 means, such as by gas or oil fired burners.
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EXAMPLES
Example 1

This example compares a conventional adiabatic multi-stage reactor system to

15  the externally heated furnace tube reactor of the present invention. The catalyst used

in this comparison is platinum on halogenated zeolite L as disclosed in the RAULO

and IKC patents cited earlier. The total volume of catalyst in the two systems is the

same. The same light naphtha is used as feed to both reactor systems. The light

naphtha feed contained 2 percent Cs’s, 90 percent C4’s (primarily paraffins but also

20  minor amounts of naphthenes), and 8 percent by volume C;’s. The conditions and

parameters in the example have been adjusted to give the same total run length for the

two systems in the comparison
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H,/Hydrocarbon mole ratio 1 1
Cs+ yield, wt. % of feed 83.4 89.6
Wt. % aromatics in Cs+ 88.8 66.7
Aromatics Yield, wt% of 74.1 59.8
feed

10

This example shows that, in accordance with the concept of the present

invention, a single externally heated conventional furnace can effectively replace a

six-reactor multi-stage reactor system with catalyst disposed in the tubes of the

furnace. The present invention also provides a substantially increased aromatics yield.

The increase in yield results in more aromatics produced during the run. Alternatively

the furnace tube reactor can be operated at lower severity allowing a much lower

deactivation rate for a given yield thus allowing a run length of substantially longer

than a year. We have also found the this result can be accomplished in the furnace

tube reactor system of the present invention at a lower peak catalyst temperature

versus the use of multi-stage adiabatic reactors with conventional furnaces preceding

each of the reactor stages.
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1 st 2nd 3rd 4th Slh 6lh
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Number of tubes 610
Tube length, feet 22
Catalyst volume, cubic feet 1170 120 | 120 | 120 | 230 |230 | 350
Temperature at reactor 920 970 970 [975 {980 | 980 |985
inlet, °F
Inlet pressure, psig 85 85
Outlet pressure 45 45
Liquid Hourly Space 2.0 2.0
Velocity, (1/hr.)
Feed Light naphtha Light naphtha
Hy/Hydrocarbon mole ratio 1.0 1.0
Cs+ yield, wt. % of feed 78.9 86.4
Wt. % aromatics in Cs+ 93.9 80.0
Aromatics Yield, wt% of 74.1 65.1
feed

15

This example shows that for a lower activity catalyst, at a lower space velocity than

the previous example, in accordance with the concept of the present invention, a

single furnace reactor with catalyst disposed in the tubes of the furnace can effectively




's 10% & ()-10% & ()-!1 Y ! 10%E& ()-!5Y 1 10%\ & ()-11dEnbCp’, #@
10% & ()-S10% & ()-s 10% & ()-s
10% & () - 9YGION & ()- 10% & () - eddENbCp’ , #5+10% & () -

sL*10% &Y

10% & ()-

Q993804 & ()-s' 10% & () - IF%Z10% & () - S#10% & () -
dEmbCp’, #5610% & () - SYA10% & ()-S210% &
“()- W8 =p, # Y! 109%H8& ()-! OFL0%IH8’ () -
“9110% & ()-9710% & ()-8; aB_=p’

#

24 June 2002
PG T/US9I8/27007

., 10%&' () replacsassix-yeactor multi-stage reacfor system. This example also shows that there is

Y! 109KK& () -
)- 10%& ()2

# E" 10O

petten 4ot

o sty

/i(_&el%)us t‘nc), F

| 0,
b0 FEc

&J)’ ﬁe mcrease

S10944&

OF"10% & ()-9S/ S10% & ()- " -10% &
O\ 10\ 10\s;
#y310%4& () - 10948 () - f 10%4& () -

bl yibrO Y €

1094& () - * 108ufs in mbf@ ArBiafcd proddétiidbiring the ﬂﬁ%ﬂ&t&hativem.fbx@ce bt %0r! 10%

& ()-#Sgl0%& () -

10H 10H 10HS8s

109448 () -

1 1004 () -

0%—|& () - ({ reazBiy@pn beroparated at jower orgrity allovtipga ray cmtw&r dyactivatan (afe for a

109&' ()- WIED@ ., #! !,  10%& % 1o
10%& 0- %10‘?&"’(‘)@ ":l@ﬁtﬂﬁ&ﬁf’)’“%é %‘6’]] 6&&5‘%7“%@% (5115 doriger half a Vear:
109& ()-L3(!109& ()-!109& ()- "109%& ()- 9y109%& () - PQ b} ~wU3/
11 #i 1#109% " & () - 0! #i 1#109% " & () - #i 1#10% " & ()-!1010% " & ()-y910% & ()-110% &
() - Example3
10eH+ #i 1#109% " & () HLO0E " & () #i, 18109 " & () - #1 141008 & () - #] 1#10% " & ()
S # 1#10% " & %)-I&F@#ﬁlﬂ? oping afug eﬁ@f e&e‘il)ce F?Ltoﬁb'é%s ’u&efb'l% 1;10%

f‘ #I( )OZTI ifi?%@&g%ﬁ]}@% %ﬁ%ﬁ%ﬁ%ﬂ é?a?\éif ax&?&ompared to use of the same HTR catalyst
1##i 1#1006 " & ) adiaBatODG i tAge hCBHOMEIS () - XVA+ #i | #i 1#1006 " & () -1 ! #i 1#10%
TR ()-1# 1#1096 " & () -1 #i 1#1096 " & ()- ! #i 1#1096 " & () - ! #i 1#10% " & () - hK. +/ #i 1

#10% " & () -

#11#10% " & () -#i 1#£10

%_&(j |_# 14

0% "

& () -1#1#10%" & () -, cVX

1#) - | J(+! #i
1##i 1#109%'"
0% " & ()-#i

1#109% " & () -1 #i 1#109
& () - #i 1#10% " & () - #
1#109% " & () - #i 1#10%

" &Bijernallyx
Tieh@Wafiats -

& obe 18adi610% "

Adiabatic |
.10123n
& ()-#

multi-stage reactor sy system
QH #I 1#10% " & ()-'#i 1
I 1#10% " & () - #1 1#10%

.

" () - 34DHI J
#i 1#10% " &1
1## 1#1096

([CPyF A I I0% & (- 7

A T N TR WaVaV. 1N

T#I0% & ()~

I J.T-FJ.U”/O

ujr—u\
(\ A AH1004 " & () ot

sl LT LU70 m
1410968 () 6

&)= TH 0% & () -

v/i|

Li.ﬂ.ﬂ .

_]:U

AL 1L 01 [ N\ ﬂl
L O\

#10% " & () -

Iﬁnbﬁﬁm/mamtqr, , inghesy/

Q%'"&ﬂ()-l#_L

#1 ()0/“ "

L (

L") 2 [ o
)-C

P#i L #i 1 #i ]

#ﬂlﬁ%é&'&‘f@be&' #1 1#10%

" & ()40 #i 1#

L0%0 " &' (

LA
1#10
: CVX

1#xXVA+! #i | 4
0% "& ()-'4

& () -24 # 1AL

%" &

()-

-1 #i
F#i 1

ITUbe a5 Yot 71 1#1008 [
i AT

e AU

Ilgﬁfl

4ch

-l#i 141006 "
460 *

150 71 39610

#10% " & () -
1##i 1#1096 "

?‘K pe "i’&fb%“@’() #

rJ{ T 1A+1LU

1#10%7& () - |

A0 ¢ |

?@@E/‘? "

"I # 14109
398 -

! %45ZT

A AL 141004 "

() - #i 1#1096] 8!
ASHi 1#109% "

b). %i. 1£1004 "8 ()«
() - # 1#109%8 " & () -

I E a1 AN A
1 1#1090 " &' (1)1

#iluloos A
L #1 1#10% " & () -1 #i 1#10% "

& (

& ()}
\

;e 1#* 1 J(

|IKlel pre@dre, isig) - #! #i 1

#1096 "8 () -1 ¢

VX

85

1##1 1#109% "

Outlet predsttd 0 " & () - #

TFI0%5 & () -]

T 0123eti# 1430% "& () -#i 17

%" & ()-#il
& () - 349G\
i 1#109% " &
1## 1#109 "

098" & () - #i
& () -~ ASH

() - #i

7L||\AL'I/I

& T) =7 37107
#1098 "% () - !

z OERE:
H 1#1096 "

J:H-ELL1J:I-‘LH(]A LS AR

I J.#IU‘J/?

& ()-1%i 1#10%

1.\

& () -

& (J- TH #HIO%

R

é;qed #i1#10% " &' (\-;;f

g mapntes

M?ﬂl J

|\ Lighenaphtha: () . 41 4 1

1

HsTHydrogarbon miole/meios [

& ()-Ai1#109d’

'8 () -#i 1#10%Y & () - #i 1#10% "

1@sH0f161d Sivt. P4 81 fiséd 090 |

& () 80di 1#10%8

& ()-

#1885 " & () - | #i 1#1

D%

"& ()-;cVX
1##1 1#10% "
) - #i 1#109% "

TALIRAEIH A O

HTH 13#120%

&) =#T TH#T0%
& ()-#i 1#10% " & () - it

THT0

i 1#10%

_(F_l;C\T

& () - #i 1#10% "

752
&()-I#| 1#109%

M #i 1#109% #i 1#10%hisexampleilkdsratss tiat 6 six-réaditd Miflti-Blape rdatiod £y cén be - ; CVX

1#n2! #; cVX

(
& ()-"<

1##i 1#109% " &ffeptivgly replazed by @)systemn @ceor@m(l#uhe mmmun@nppnﬁvmo egtalgst( ) - JK_

! & 0% 0% & - &&Y109
o Ti00d5g (3 %‘ﬁ%ﬂo@ﬁ&wss q&fﬁwwwel
820! 10968 () caelyet 08688 s e

&LF10% *- &

(5 RRIT0% * - &

él%s&é‘%% 359 oty Toe
- &I ! 1(})‘9“&%3&_ @0%& 0)- 10%‘"8“‘ Pton

85109$8& () - |L @dlitet; Tl&kbﬁﬁﬁﬂ%aiso&ll(ls)trafdslb%the &’s(e)n of the reas@Rt vention

&a- #10% * -
F#10% *- & (
& () - F#10%

) Bpvidengn ingrease
*. & ()-pT834#;

F#10% *- & () - F#10% *- & () - F#10% *- & () - F#10% *- & () - F#10% *- & ()-; cFL
#pT834#; F#10% *- & () - F#10% *- & ()-; cFL

HF#10% *- & () - F#10% *- & () - F#10% *- & () -

_?34#,

do%ﬂme%wl%d( ﬁ‘ hﬁtﬁ@&? is a&“(wplgh&qe% lower ppaley g gop + -

FF#10% *- & () - F#10% *- & () - F#10% *- & () - FE10% *- & () - F#10% *- & () - F#10% *- &

= — o~ o~

1 /AP A= 11 A /A7 L

1A PN

N7 @

1A NN 7 L

1A /A7 L 1A NN 7 L



OB& ()-X s1098 9B& ()- @S 1098 9B& ()- 1098 9B& ()-456789KCB ; #1098

0B& ()-X1; #1098 9B& () - X; #1098 9B& () - X; #1098 9B& ()- X; #1098 Hafirle 206241093
0B& ()-X; #1098 YB& ()- X9 ; <=>?pT83 ; #1098 %B& ()- X; #1098 YB& () - X; #1098
9B& () - X 448%3:386 () - X #1098 9B&' ()-X; cg#v 9#?@BCDEPTS3 ; $:e¥RoiBRiet) - X:
#1098 9B& ()- X CgHv O#; #1098 9B& ()- X; #1098 9B& ()- X; #1093

0B& () - XEl MUY] _23 ; #1098 9B& ()- X, #1098 8988 () - X, #1098 9B& () - X; #1093

0B& ()-X: #1098 9B& ()- X #1098 9B& ()- X ~z|}~I P43 : #1098 9B& ()- X% #1093

ERB TN T e R TR e T

YB& () - Xt X3 | deiiieotiptising s¥vérdDftind8sand separaldfédetdmdin(spries. #1098

Example 4

5 To determine the resistance of various substrates to coking, carburization and metal
dusting under ultra low sulfur reforming conditions, the following test can be run.
The test makes it especially easy to do side by side comparisons, for example
comparisons with type 347 stainless steel.
The test uses a Lindberg quartz tube furnace with temperatures controlled to

10  within one degree with a thermocouple placed on the exterior of the tube in the heated
zone. The furnace tube had an internal diameter of 5/8 inches. Several preliminary
test runs are conducted at an applied temperature of 1200°F using a thermocouple
suspended within the hot zone of the tube. The internal thermocouple constantly
measured up to 10°F lower than the external thermocouple.

15 Samples of steels and other construction materials are then tested at 1100°F,
1150°F and 1200°F for 24 hr, and at 1100°F for 90 hr, under conditions that simulate
the exposure of the materials under conditions of low-sulfur reforming. The samples
of various materials should be clean and free of scale, grease or tarnish. Compared
samples should be equally smooth. The samples are placed in an open quartz boat

20  within the hot zone of the furnace tube. The boats are 1 by ¥ inch and fit well within
the two-inch hot zone of the tube. The boats are attached to silica glass rods for easy
placement and removal. No internal thermocouple is used when the boats are placed

inside the tube.

Prior to start-up, the test materials are cut to a size and shape suitable for
25  ready-visual identification. After any pretreatment, such as roasting, the samples are
weighed. Most samples weigh less than 300 mg. Typically, each run is conducted
with three to five samples in a boat. A sample of 347 stainless steel is present in each

run as an internal standard.

After the samples are placed, the tube is flushed with sulfur-free nitrogen for a
30 few minutes. A carburizing gas of a commercially bottled mixture of 7% propane in

hydrogen is bubbled through a liter flask of high purity toluene at room temperature in
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maintained in the apparatus. The samples are brought to operating temperatures at a

rate of about 100°F/min.

5 After exposing the materials to the carburizing gas for the desired time and
temperature, the apparatus is quenched with an air stream applied to the exterior of the
tube. When the apparatus is sufficiently cool, the hydrocarbon gas is swept out with

nitrogen and the boat is removed for inspection and analysis.

After completion of each run, the condition of the boat and each material is
10  carefully noted. Typically the boat is photographed. Then, each material and its
associated coke and dust is weighed to determine changes. Care is taken to keep any
coke deposits with the appropriate substrate material. The samples are then mounted
in an epoxy resin, ground and polished in preparation for petrographic and scanning
electron microscopy analysis. The degree of surface corrosion is determined; this
15  indicates the metal dusting and carburization response of each material. In general, a

qualitative visual analysis of metal reactivities is readily made.

The residence time of the carburizing gas used in these tests is considerably
higher than in typical commercial operation. Thus, it is believed that the test
conditions may be more severe than commercial conditions. Nevertheless, the test

20 provides a reliable indication of the relative resistance of the materials to carburization

and metal dusting.

Example 5 -- Preparing Tin-Coated Steel

Pieces of 321 SS were coated with a tin-containing paint. The paint consisted
25  of amixture of 2 parts powdered tin oxide, 2 parts finely powdered tin (1-5 microns),
1 part stannous neodecanoate in neodecanoic acid (20% Tin Tem-Cem manufactured
by Mooney Chemical Inc., Cleveland, Ohio which contained 20% tin as stannous
neodecanoate) mixed with isopropanol, as described in US 5.674.376. The coating
was applied to the steel surface by painting and letting the paint dry in air. After
30  drying, the painted steel was contacted with flowing hydrogen gas at 1100°F for 24

hours.
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sections of the materials when examined using petrographic and scanning electron
microscopy. The micrographs showed that the tin paint had reduced to metallic tin
5  under these conditions. A continuous and adherent metallic (iron/nickel stannide)
protective layer was observed on the steel surface.
These techniques showed that tin intermetallic compounds, including nickel-
and iron-containing stannides, were present at a thickness of between about 2 to 5
microns. A nickel-depleted underlayer of a thickness of about 2-5 microns was also

10  present. If the curing was done at lower temperature, this underlayer was not formed.

Example 6 -- Analysis of Steel

Samples of coated and preferably heat cured steels were mounted in a clear
epoxy resin and then ground and polished in preparation for analysis with the
15  petrographic and scanning electron microscopes (SEM). Coupons were analyzed
before and after reforming conditions. EDX analysis can be used to determine the
chemical composition of the layers. For example, tin intermetallic layers may be

analyzed for iron, nickel and tin.

20 Example 7

Determination of the Deactivation Rate of a Catalyst

Deactivation rate of a catalyst sample as used in the present invention can be

determined in an isothermal pilot plant or similar unit under the following standard
25  conditions using a standard feed.

The feed to the unit should be a C6-C7 UDEX raffinate from a conventional
reformer. The UDEX raffinate feed should have the following composition as
measured by Gas Chromatograph; a C6 paraffin content of 39 to 43 wt %, a total C6
content of 45 to 50 wt %, a total C7 content of 25 to 35 wt %, a total C5 content of 5

30 to 11 wt%, and a total C8 content of less than 6 wt %. The feed should contain less
than 10 ppb of sulfur and less than 3 ppm of water. The pilot plant should also be free
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WHAT IS CLAIMED IS:

I. A process for catalytic reforming of feed hydrocarbons to form aromatics,
comprising contacting the feed, under catalytic reforming conditions, with
catalyst disposed in the tubes of a furnace, wherein the catalyst is a
5 monofunctional, non-acidic catalyst and comprises a Group VIII metal and
zeolite L, and wherein the furnace tubes are from 2 to 8 inches in inside
diameter, and wherein the furnace tubes are heated, at least in part, by gas or oil

burners located outside the furnace tubes.

2. A process for catalytic reforming of hydrocarbons comprising: passing
10 hydrocarbons over a catalyst comprising a Group VIII metal and zeolite L
disposed within a furnace; wherein said furnace comprises a first chamber and a
second adjoining chamber separated by a heat exchange surface; wherein said
catalyst is located within said first chamber and one or more gas or oil burners
are located within said second chamber; and wherein the catalyst is no more
15 than 4 inches from the heat exchange surface and at least a portion of said

catalyst is more than one inch from said heat exchange surface.

3.  The process of Claim 1 wherein the catalyst under said reforming conditions has

a deactivation rate of less than 0.04 degrees F per hour.

4.  The process of Claim 2 wherein the catalyst under said reforming conditions has

20 a deactivation rate of less than 0.04 degrees F per hour.

5. A process in accordance with Claim 1 wherein the furnace tubes are 3 to

6 inches in diameter.,

6.  The process of Claim 2 wherein the catalyst is no more than 3 inches from the
heat exchange surface and at least a portiori of said catalyst is more than 1.5

25 inches from said heat exchange surface.

7. A process in accordance with Claims 1 or 2 wherein the catalytic reforming
conditions include a LHSV of 1.0 to 7.

8. A process in accordance with Claims 1 or 2 wherein the catalytic reforming

conditions include a hydrogen to hydrocarbon mole ratio of between 0.5 and 3.0.

6
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A process in accordance with Claims 1 or 2 wherein the Group VIII metal is

platinum.

A process in accordance with Claims 1 or 2 wherein the catalyst is produced by
steps comprising treatment in a gaseous environment in a temperature range
between 1025°F and 1275°F while maintaining the water level in the effluent

gas below 1000 ppm.

A process in accordance with Claim 10 wherein the water level is below

200 ppm.

A process in accordance with Claims 1 or 2 wherein the catalyst contains at least

one halogen in an amount between 0.1 and 2.0 wt. % based on zeolite L.

A process in accordance with Claim 12 wherein the halogens are fluorine and
chlorine and are present on the catalyst in an amount between 0.1 and 1.0 wt. %

fluorine and 0.1 and 1.0 wt. % chlorine at the start of run.

A process in accordance with Claims 1 or 2 wherein the feed contains less than
50 ppb sulfur.

A process in accordance with Claim 13 wherein the feed contains less than

10 ppb sulfur.

A process in accordance with Claims 1 or 3 wherein the catalytic reforming
conditions include a LHSV between 3 and 5, a hydrogen to hydrocarbon ratio
between 1 and 1.5, a furnace tube interior temperature between 600°F and
960°F at the inlet and between 860°F and 1025°F at the outlet at SOR and
between 600°F and 1025°F at the inlet and between 920°F and 1025°F at the
outlet at EOR, and an outlet pressure of between 35 and 75 psig.

A process in accordance with Claims 1 or 3 wherein said furnace tubes are made
of a material having a resistance to carburization and metal dusting under low

sulfur reforming conditions at least as great as that of type 347 stainless steel.

A process in accordance with Claims 2 or 4 wherein said first chamber is made
of a material having a resistance to carburization and metal dusting under low

sulfur reforming conditions at least as great as that of type 347 stainless steel.
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resistance to carburization and metal dusting at least as great as type 347

stainless steel; or

(b) said first chamber has been treated by a method comprising plating, cladding,
painting or coating the first chamber surfaces for contacting the feed to provide

15 improved resistance to carburization and metal dusting; or
(c) said first chamber is constructed of or lined with a ceramic material.

21. A process in accordance with Claim 2 wherein the catalytic reforming conditions
include a LHSV between 3 and S, and a hydrogen to hydrocarbon ratio between
1.0 and 1.5.

20 22. The process of Claims 1 or 2 wherein the catalyst under said reforming

conditions has a deactivation rate of less than (.03 degrees F per hour.

23. The process of Claims 1 or 2 wherein the deactivation rate is less than 0.02

degrees F per hour.

24. The process of Claims 1 or 2 wherein the deactivation rate is less than 0.01

25 degrees F per hour.



