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al um nosi | i Caéb‘éutfﬁb@fslg& 205 KmERE abemlaaoemammaam) be physicall adm xed Wi th
particles of theThteéﬁﬂamtcbp rleam ‘dnpﬁse@xh@ hme’rB éwnweu'r% Ard 'Wl Ghintchthe top of

metal s bei n r d“b u | tot l %ﬂgtstmut 1 %1?%3823? E"_‘:;‘
before or B;Eéﬁf F R»59 and 'thl) res fo m reactor 21 is
refractory 60wm.9{hg somsb.ﬁame aﬂa PatoluEsut 300 5s Peined and

cool ed, and the mre effiiént Grombvesdtorad 1 pssdshbmug aclrwbevﬁat Iand)hna Vs mnmtfe top of
sol utions of resmton2s: Il'Uﬂsfflm!ltaH h fuenece 23 50l ﬂtahémthb enera'sm 9f ° or 25 is about

"cal ci nati 0@%}5 n,rjssgglg' (%zﬁar )§|swn th; re or i @ftggm |

(482[err]) t g¥ealc'hg our
to about 20 hour $he uéna Rudé&d:rrms sdsaéilthiooglsmreomrfmsa:ea?temmfeawm ihe tb;hgf
range of abouwead&t@IFTHIORdaxcarbon éfm:eabeuaatmﬁ)fuﬁua(:em'llfoethatltbe inlatiempelp reggtape
of about 5%5 3is labeut 980CF (9330E) 180.Q200F 549PCIe e eustet, tempesatusg) of8aRIPt 4 'ﬁ out 9 F
conprise a tenperature of about 250[err]F (121 C) for about 8 hours to
about ‘16 hours and . cal ci nation conditions c®nprise a tenperature of about
1,000[err] F- (538[err]) for about 2 hours to about 6 hours. The conbi ned

haI ogen may be incorporated into the catalyst as a halide of a netal, or as
a hal ogen acid, or as a halide salt Typical operating conditions of t he
reform ng process of the present invention conprise an inlet O tenperature
of 900[err]F (482[err]) to 1 020[err]F (549C) ~a pressure of 50 psig (446
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B8/ nB) to- 15, 000 SCFB (2,670 nB/nB). Preferred operating conditions

conprise an inlet 'tenperature of 940&bo %F ;504[err]) to 65 980[err] F _

(527[err]), “a pressure of 50 psig (4 40 300 psig (2,170 KPa), \/

of 1 wei ght(swgvic) af th4pressu%ik7é]!3ﬂ>r by draar th@ﬂan@@éf aBBuL 1 00 Psig'P3 10K a) Uﬁébbutcﬁ

catal yst to)smmsghta)unlts of drocarbon per hour per weight unit of

catal yst, and Be Egg d#'tdl a"r%@t"t?"b! OBGMSJGV"G@PBS 5(3'?458 ‘?{dmnﬂmmo
i o

0 t
e e e
may, for exanphet sh&mpin(lye ﬁg’ilre’iis&éffﬂ‘tﬁ réeBtoP Q&d&o@ onitd §qua L:ﬂhs catBiyst bt RS,

br oken f ra ed indhe otheri reactors Tois |addhtimiaa1amqr islerppioyd ds a Swing @eadtor fub kachfaf ¥ed
beds 1 {4 Ta *?@w{*%*'gﬁ%t?m e q%m' e &
passed t he y
upwar d or %“\@E%o fdti %i%&%‘ dr L Q %min ySfe ﬁ% enﬁ ted contlnuous{lyaBYen
form for use iThertwpdrogey-tbagidro carﬁanm dt v r@wmd mitRgva rea:‘raaw\s&maﬂﬁ
prefer abI5y fms@%drahwsoomeentmwhemmébww or- in flui d| zed- soI i d

processe® in ﬁre it e'kom f aégwtﬂg&ggi& g ipte ensutgwént
bed of fi néw ?@Ké%)uf Ete or t % &%gu %ﬁ@ﬁtgﬁﬁgﬁe
catal yst i %eﬁtmrrasaﬁtoudh lin8 84 ht'id a 36l msverrye&y I6#dEh \m.eﬂ.m. -dctane
conveyed [ mtuductheobtaimd; Gassousomnsterialisfrérniae sé 6 B3Pro GR35, A%ortlon of this

“exenpl i fi”eg ﬁg rqupefrmrhmsngevp MM mothvmeﬂnewn; Thers ;é‘;‘%‘ g
re
'S

. 1954, P (gsted by compressar 37,008 897
emoved frd& m%ﬁma Al °'°§§D%°F P T e B gy

conponent s t hagt eqfonteiﬁbﬁtebyﬁktﬁrge BecdhdlebeRnaHR bt e pRoRbE df MeSpradeRt nhﬂ#msd MHichS
desired, 2& h@oadtcabedIMydrca bn r;pmdutedzdlso by aher sihpiified ischeomatie fiove ritalgra mhaspivted in

hydr ogen:.addi tion rate of 1,500 standard cubic f eet per barrel [SCFB1 (267

utili zed | ﬁlgt"ﬁ %ﬁ i9/this second embqsiment.fReactens 17 and121 contamba flrs1t
ri t t

hydr odesu w%vzat hz"yﬁg&eﬁb j@t;éw tw&%ﬁ bl bl
\ petrol eum pyg ﬁ@luﬁg fnqcs% aﬂ@éte high! cE % '
iproduct, saoaadmﬁ.han ocmsa)euw pf [DreSorR Ahventicn @il deecribad) e iaasbye
'h ydr ocarbomwing meagtor tnotishiowinh emplkys. elthe; tbh eeco cmlms or-pmigure o6 the twa. catalysts. The- -
lsubst anti a "°é. Bn‘l':°“6‘F‘° ’ép'at’é’ '?"Ht:é"eofa ?Fe°f:a{9 Tl%ﬂt forth
‘resul ti ng e g ygtor Acagially;tafqrimpd hydrocarbon
=Conseque:3t e rerrove peri od| cally fromthe surface. Such

‘toke rerrov&tamww be accorrpl i'shed through a coke-bum treatnent wherein the
coked catal ? Qodmeatpe@ewptaWStaqham feyesbintthe mongfsg?asheameset bwengidn was

oot e Sy ME’ S G

about 1 ,yobo,,.(
shoul d be niasrmcivemads %uev@ Sefder bu rd“i dd dNGH 45-MS4H scrdeh (U 69).1 T8 hie
t enper at ur gaminh atasvadldbd be immegmttngssolmbn Ithdt Ha beérb pdpared bLjincofpomtity Al0l gm of n

excess of M P@? QIQIP "cenl't@e lytiot (ﬂbwe7 Wé%émOa)
| |nvent|og he §°‘:§5 --‘f ml gﬁ% g?‘ g
regener at i Wi arsmeu G%ttftﬁa fmﬁ Jﬁ&o@ 4

- the flow o&iussB&eh'gp(l’ﬁoq.arbons |s stopped to a of the reactors in t e sys em
and the ca‘t,f glp yhe lﬂ;ﬁwﬁesmﬁaloﬂ;:@msg;a?u%gt:mmw ro%ﬁ@‘tfﬂl‘r?%ovea@m(aﬂmdxe
or cyclig ci % r enpved .from the
system and dds)%P 2 m%ﬁ%éd Q. rring- ftH‘r"m %f‘ﬁ?’f’rf'?f@'“ﬁ'f By’ palladiyms
conti nues |n such a system | e cat aI yst in the reactor that has been _
renoved f rixampledd systemis regenerated. . The aUXI i ary react or |s knovvn as a
SW ng reactorAcs lyst of thg PE!'&WP%BI’eml

o e

i ncl ude ceimpfighatiok WetdofiWith &flidbusNpdibehidrid G€ld, A érﬁed N .Héb%ve and
punps, co rthe eseltingsimpeagulatedseonpositeavhs daund porentajn Oy m.% combined Ehiorine Tt datalyst is

vari ous ’bl'ﬁi‘\%@%%’ﬂj’“ﬁ’tﬂ?@?%%ath of the process in addition to the punp
. and CoNpr e5gRple ypat are depicted in the drawi ng. Such additional auxiliary
40 equi prent ead:yszsa drid ERlvbra Restédiv b RAFESREIS pHEtUnfls ROF ttfbb r6SinYingd wﬁﬁ%%&&dcey
one havi ngFeed di whitly wakesséntially frdecof auitur (1658 ftan OURRT sulfur), 2HE Reed BS WhichiEdhtained 36
equi pre®€ PR sfUr. shown in the figure. Inthe enbodi nent of the process of
~ the present invention that is represented in the _

6 .




acconmpanying Figure 1, a naphtha having a boiling range of about | 60[err] F@
(71-Terr]) to about 400[err]F (204[err]), preferably, about 1 80[err]F
(82[err]1) to.about 38[err]F (1 93[err]) i s obtained fromsource 10. This

' 45 naphtjaa contains 35 ppm sul fur. HoweVv@@17Z#78oul d satisfactorily contain
sul fur i¥an ampuFeedhidd Gbshlhﬁizémﬂﬂloﬁﬁnegt pAthb, QA tha QrdpBies dHAWR hereinbelow in
feedst ock i s paatdect] Fédur®iscthe kanmeeddbulfurizadt MidpGontineh? naphthia @ whithhad bédd added sufficient
hydr ocar bons  t Hicphefe tp prowide gsulfugeenteptaf 38 opmaiife.ng recycl e gas |'s introduced
int‘o line 13 via line 14 to be mixed with the hydrocarbons in line 13. The
resul ti ng hy8irogen- hydrocarbon ni xture passg@BLghrough line 13, furnace 1 5,
and line 18 Into the top of reactor 17. I's introduced into 50
reactor 17 at a tenperature of @«’aﬂﬂto;ﬁiﬂOF 55@‘{1errd]) t gsabout 980[err]F
(527[err]). The outlet tenperat$pedfioGravivactor 17 is app0dasdratel y 800[err]F
(427[etr]) dAd the pressure in $4fuePR? 17 is within the°|5ange of about 160
psig (1,205 KPa) to about 320 %‘Jnfgl gﬁprﬁ‘ K‘r . The effPdent fromreactor -
17 passes through line 18, fur na’ I.ne 20 into phe top of reactor
21. Sufficient heat is IntrOdUCMdeduniﬁeibﬁll s hydr ogen- hyggocar bon stream by
furnace 19 98 that 55 the terrperature at the inlet of reactor 21 is about
960[err] F (516[err]) to about 1HvdRgsraentyee. yol3Ig(err]). outlet
tenperature of reactor 21 is appro (ﬂ%ﬁ Ly 855[err]F (ég'?[err.]) and the
pressure in reactor 21 is within tRemeagde of about 1494psig (1,067 KPa) to
about - 300 pseg (2,170 KPa). The effluent fromreactor 21 passes through

line 22, furnace 23, and Iine Zﬂpsfmrnh@emngofleasf react 80.725. This effl uent

is heated in furnac épe inlet t eratueof re cto g
S be ch-sc f catalyst.
about 60 960] eyl ,fazfir 1 g 3 oo ST %:;érgg eim, i g
t enper at ur e 20f hydayeh-Bydroda rﬂoﬁnﬁ%ﬁé%taﬁig&hh& %&rﬁ:} £did ngroilO@zt hﬁhu 58
pressure In reem)t Bre @&torswmcft Was2Q inches w@cmiﬂonwmﬂ lmhﬁﬁ?)sepm ghc(t@é]&:al&Penhtdlrﬂng Du

about 280 psig 'ct temwr t"@:Ef"P'g‘gErP“qu (WQ;' £ g@ hay mmﬁ:gr%l nrgg:‘;ax:s
l'irne-26, - furn 2 '
__tL)Ldrocat bongef %Ilqg aglﬁP COIL mamﬁessure

of reaeror- 29 MG&F 58301&)0‘&5 g kﬁw&d e(sﬁﬁa b?We} foit rhérerland 204 lﬁ’e& a Varian Aerograph_'
(549[err]C). Tmorwoormh $Q;hpé2QQ Bossardi oqtmmumberseenesstatm@d

0017474 (510[ err "2'99 fosm\ﬂ: Pnt;l *g@sn §i 9 Series) |
about -100 pgk g,a ;% yﬁ%%hﬁe?& s‘p‘g?’g‘"f © FRAIVA BPL WSS pE‘imd ona
25, and 29 all CORhal the AeabtoF €dn b Ehtalfad svaaakcmﬁefhensseam fmectafswwaswdaét&htea
conpri ses abouCatﬂys(ﬂB ws pfétreated inoheingsubjéctéd tolaa ir suakfor A hoatta témpBesatwie o#8303F (499°C)

~-about 1 wt. n gt floyy, pate OSOQO%GM (%Jﬂmiat;@mer t-r.\ﬁp"om &y lacnitragen punge, and then
- 2bout" 0. T e, o wegq,qugo éwg ﬁ{ Atermparaura g1 aﬁ&% s
support eaé?" lrb@dk du t& iorq,é”glé7 yiéje io 1
in the figure do‘ﬁdnitt di forl 00 ZSMfﬁé’ans nfm&aﬁprﬁiaﬁlbabmshﬂrdwmﬁlnﬁ Yn ata

catalyst that nempemtecnjeﬂoﬁFMSS?G) utdhmresswaotmosasugmsw mkm tional react or S

enpl oyed as pstaare "° re!nbalpwnre&bt §atP W?t%'eﬁ?ﬂ No.
uhen'the cathi FEt! J}%e v m?xﬁv%n e ﬁgn{;?ﬁémb‘g‘;‘? e ¢ A% GHR abiy
10 be regenera&,e&o, adgeactor con al nin actlva ed Tat a yst 1S :
removed fromthe Slyﬁstopmmdcmﬂitibwkmeﬂhrbyarﬁdiﬂetsm Migesé ctasts GWerd las CFoUbMNS: tah adutlet
the reformn HMRS°E), adlessoothérwise spdcified;ca; prasautecef FOO0t isig (2,170 KPa); a
deacti vat ed ‘gﬁ? %f 2 é’ﬁﬁﬂ/%ﬁ hopry Pﬂ'tgfb‘;s%%ﬁ éﬂ%ﬂ hY"é°ﬂ9@'l‘?Tde'°°afb°" mole

TAE mamear ibfoﬁ.vsﬂmfa oo e s o IR Shebfbhiy Fhe

regenerat ed.
vari ous react Ginfe éribil repletdntsthe e.erca%msa Hitfg s BEMS pBriodY AdrPpRzediiy Sfiple8 HRIS Ralf of
her ei nabove. J;BenmeoﬂfhepeubduwmthfchmnnaeamaMmaB waaststeised. hr ough | i-ne 30,

wat er cool ef?® 3 qcpmﬂr!x 9| aﬁsmmaqmdh%@pwsamerm@f timy relatippphlodof Research
separator 33 | E'i'lzst ?"13%9 l?gS“;R%";;t; 'gﬁ by
240 psig (1, 7 e..fa Bhiling 35 pr@mfd ki, itsPows tR4t2hd dracess of the
Uqui d product pr&eﬁtﬁﬁ%ﬁﬁd’n hiare ﬁﬂilh’:lihaﬁ @ lprodess leMpRVIEEH aplaflﬁima(-hehiﬂm RAtahRtthat Has Been
sui t abl e pr édwsstfi dotbwbmtpewm freating avfeedstock contgihing g subs@ntial ardeint ofisifur.

obt ained. Gaseous material is renoved from separator 33 through line 35. A
portion of thig % eflaS i s renoved fromthe systemthrough line 36 to be

used at other reraRdhet elBbdiMent bithe/cBIaRs AR s ¢ pIdyB@in NSO oM NS 0GR iRRAtIGRRas
in line 35 &5 prauaddsis &idntfled barsipsfes sOCatayst Co be sent through Iines 38 and.

14 as hydr ogen-hydrocar bon recycl e gas. \Wen necessary, nmake up hydrogen

gas may be |ntroduced 7 :



secohd enbodi ment of t-he process of the present invention, which 25 second
enbodi nent can be ‘represented also by the sinplified schematic flow di agram
depicted in Figure 1, two catal ysts ®O1HhAP8yed. In this second ' )
ienbodi nent, Reactors 17 and 21 contain a ffA(r?ié (catal yst, which conprises .\.-‘
about 0.05 wt.%to about 1 wt.% platinumand about 0.1 wt% to about 1 w.%
conbi ned hal ogen, preferably, chl or tiqeid peduafromitesthéra carri er .and which
'does not gontain either rheniumor palladiu and Reactors 25 and 29
‘contain a second catal yst, which secondatel ‘ﬁﬁ@ﬁ@ an 30 enbodi nent of .
the catal yst of the prsampreNodf the presept- investion as gescribeg
-her ei nabove. The swiTigeon@tbsor (not shaws) enpimge, ei bhas the 33agpond
cat al yst ’?r -a i xt urtiexTemRe°k wo- cat al y<#39. The-93Der at i 880 condi td30ns
.enmpl oyed 'Tn this e bgﬁm fall within the range val ues set forth
‘her ei nabove. |n, tmqi a'r'r'?—‘-r enbodi nent . ejther %%8?%3%8.Dht ha or_a
ipartially-refornmed legdine@car bon stream ngyegbe enm.oyed aspbhe hydigggar bon
f eedst ock. 35 ExanplP&omané\n enbodi nent of0.85he cat@B9/st t hes4ls enplsayed In
it he procé®s of the gﬁg?@ﬁt i nvention wa®84repar &B7 It i sOBdent i f OSI
therei nafter as Cat aliqyg'ﬁt:" For this preé ation,;'iqoo gm gAero O[ err]
‘al umi na, obtained fhdentahe Anerican Cyajgzgi d Corjgy, wel’gpused fifgthe form
;0f 20-to0-45-nesh nai-dexead, i.e., materiglzst hat \3.23 pass3,s¥rr ough3zg20- nesh
!'sc’r een (&8 S. Sieve ) but will be 14fai ned 14 a 45-1h8%h scream (U S
|Si eve Series).. To tff ptgﬂeum' na was adde g n.lnp ati ng®€®| ut i oA58hat had
‘been prepared by i ngieBfahatt i N9 1.0 gm ofSferr] L gn1of* Cl 2, ¢ :drops of
a conmer ci al concenLo;Eﬁd HNO3 solutionzﬂabout ( dM‘%’Hﬂb andyg41 gm of
a rheni ua& cont ai ni ng-Getdnat i on in -80 nl o6& di stioldled wat®go The o.85 3
rheni um cont ai ni ng %&*ReEAiR i on had beenOBRepar ed-0dy di ssbd4ing 91.89gm of
rheniumin 50 m of ;AYMI02 sol ution qﬁ 3dilut2d® with 34till ed8fater to
obtain 100 gm of 9.£ Iaaﬂggnnsolution.z e'[eﬂg was e yed ﬂ?géelp
. dissolvesd he [err] Mmxyiener egnated al.umng was 1disped. | mzdd at @334
"-'-'-‘-?Fé?fr“-ﬁé-r-'a{f-"t}r-—'i-?-'%-‘f-'-----Z-SO[-@I‘thﬁxvlel'@elz.l' [err] C) o83 night 662 peri @btof apps.gzi mately
16 hours) and cal ci ropatie. 000F (538[ 86-73C) fdB.18 hourtB44so  188htal yst A
was prepared to contain 0.4 w.%platinum 0.4 mﬁpgb&peniunl 0.6 wt%
pal | adi usg and 0.8 wt % combi ned chl qrine. Exanple IP@& catal yst of the
prior art- was prepaPesifisy forning a copngoite @bjsfour @Y es 0Od1.g0 '
comerci al I'y- 55 prisgesetes pl ati num r he$8.78n r ef 6846ng cBEBA3yst s, 6868 ch had
"been obtained fromgh rican'Cyanan%pfﬁbnp_ —Fach—of—t he 4—sa#pl es
used in jhis corrposlltotmzvémg sai d by the’ Titfhuf acPlPr to %Rt ain W4 w. %
pl ati num and 0. 37 vdctsseNo@ni um The cogggsi t € ygggad] ug,tggg for mi ned
“chlorine content by inpregnation thereof w th agueous hydrochloric acid,
dried, and cal ci"fAtdrtergined Sy masssgesteemetmabove; and the resulting i npregnat ed
conposite was found to contain 0.8 w: % conbined chlorine. This catalyst is
60 identified hereinafter as Catalyst B. Exanple Ill Catalysts A and B were
tested in.bench-scale pilot units for their reformng of two feedstocks,
Feed A, which was essentially free of sulfur (less than 1 ppmsulfur), and
Feed B. which contained 35 65 ppmsulfur. 6 0017474 Feed Ais a
desul fur®zed M d- Conti nent napht ha, whi ch has. the properties shown
hereinbelow in Table |I. Feed B is the sane desul furized M d-Conti nent
napht ha to whi ch had been added -sufficient thiophene te provide a sulfur
contentagf 35 ppmsul fur. 5 :

into the»systemfromsource 39 via line 40. It is contenplated that in a @




TABLE | Properties of Feed A Gavity, [err] APl _. 55.1

Speetfic Grawty . - 0.7583 to _ Sul fur,
ppm ' 0.5 Nitrogen, o 0. 7 Conbi ned
chl ori ' ppm : 1.0 Water, n?mr9474 - 2 Mol ecul ar
wei ght 113.8 15 Hydr ocar boraBLE i€Convdll . % Par af fi ns
48. 7 Napht henes o N 37.1 AI’OTTB.'[I cs 14 2 20
Research Cctane No., %"a'i'e 0.  50.7 Ea est ondu In
berch- scal g test un|t %*h an |sot% gggcbed ggggat al ?%;3 The
hydr ocar bon feedstock and bottled hydr ogen (once t hrough) were m xed and
the resulting 25 hydrcbgmndmydrocar bon mxture was cWa%gpe«her a reactor

_ havi_ ng an i nsi de di areter—of—06—622—nch 56 L,rl; The lcal ) I h vvas
20 inches (50,8 cm | ® was i nmersed |B hot bat h Egnt ai n

Pont H TE The terrn_@rug,ﬂyr es in the reagfggr wereb termoagl by emﬁzoyl ng a
manual | y- oper at ed, cafB&ader i C t her nocouplieg t hat Mﬂs m)vahbe al ong.azhe

(

- length of the r eact ori-Peflage hydr ocar bon f@é@ vvas p%l 134 205
posi ti ve-di spl acenenth a punp. The' | |1 t was §I lectd@4in a

~ hi gh-pressiire 30 receh Li quid pr oduc hed a?t ganal y4gg on a

- Hewl ett - Packard reseay canomat ogr aph, 583{)@3 The qas yi el @.gaas
measured by wet test'i-Hsptand and anal yzedmsth a Va2d an Ae4.0§r aph 4.37
chromat ogr aph, Seri egv-Hetihe Research oct 4H@ nunbel-t7 were gi mat e mass.

" spectronetdy. Each cdi§faP®t sanple was C egsged tcﬁ%react gl N th or m of
20-t 0-45-mesh (U. S ries) materiglag A 20- giam sanp; g of cqtggl yst
was. used I n each testgendeng catal yst bed w@$ suppa.éed. on 2385 | ayamgof 6.2

cmB of 3.0 nm gl ass Iwohdse After the- rea<5t5t7r cont&i?m ng tI&§1cat altg28 was
pl aced i n ahe test urfithylbeptese cat al yst e etre st A
pretreated by being sg! ’i-’!l;l:‘%d to an air Kk for errper1 re of
9300F (499[err]) and @Daidhatid | OW rate of;glg0085 faig t (02 24 iy qeer hr,
foll'owed by a nitrogen purge, and then reduced - with:h drogen for 1 hr at
test pressmre and a tenperature of 930[err] F (499[er1’qt§'3 and -a hydrogen 40~
flow rate of 1.95 cu ft (0,055 .nB) pe : g Edas
specified for Catal ysffoiteexcept that tHg : y

sul fiding step prior he hydrogen reds
for 0.25 hgs by neans m‘ial'aielgas m xture ccamizu Si ngacszo/ol v8hyar oger81.<ml fide
_in hydrogen at a temperat ure of 930[err]F 499[err%% and g ﬁress re of 400
psig (2,859 KPa). ThdPtaeelefs of these 3% ar eI$PLsent 84%er ei M low in

. Table Il. Catal ystafusté [ 45 1 for its ability to reform
- Feed A andgl n Test“lﬁluo 2"%‘%%‘?‘??’2%%’6?%‘@?0 reform Feed B. Catal yst B was -
~tested in Test No. 3 for its ability to reformFeed A and in Test No. 4 for
its ability to reform Feed B. The operating conditions that were enpl oyed
in these tests were as follows: an outlet tenperature of 930[err]F
(499[err]), unless otherw se specified; a pressure of 300 psig (2,170 KPa);
a 50 WHSV of 2.3 gm of hydrocarbon per hour per gmof catalyst; and a
hydr ogen-t o- hydrocarbon nole ratio of 5. In each case, a 20-gm sanpl e of
catal yst was enpl oyed. The results of the four above-nentioned tests are
present ed gerel nafter in Tables 11 through.V. The tinme on oil represents
the time consuned during all of the periods for preceding sanples plus half
of the time of the period duri ng whi ch the particul ar sanpl e was obtai ned.
55 - The acconpanying Figure 2 sunmarizes the results in terns of the

rel ationship of Research Octane Nunber to tinme on oil for each of the Tests
Nos. 1 thrﬁugh 4. Th| s figure shows that the process
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of the present i nventi on,
sup€rior *initial perfornma
ppm sul fur. In addition,

represented by Tests Nos.
when t he feedstock being refornmed contains 35

?éocess of the present
a P

nce,
it shows th

-1 and 2, provides a

ti numrheni.um catal yst that

is nore stable than a process enpl oy| n
‘has been 60 sul fided, when either pr oce'b‘sBLEﬁ(Qqnédt

.\,

ing a feedstock

containing a substantém eNpunt of sul f Exarrp e |V Angt he enbodl ment - of
t he catal yst that |sr,ﬁa*ﬂ@yﬁ,g in the pj s ofj, 5 pr g |nv n was
65 prepargd. It is icheetTempeek her ei naf t egags Cat ust 4 TABLE
Il Liquid product fromtest no. 15
Catal yst A, Feed A, CoawprestNo. 1 Wt%meeed 4
Time on G1l, hrs 7. 385 17,386 21 g?ffinﬁ1ﬂfﬁanr
: : Eh ’
930 10930 robate 930 o Cof¥fnent Lba"‘ o4 0.06
W.%on feed Et hanei-Butane 0. @s1 @4 7 .06 g1 0.06
Pr opane n-Butang 55 0.591.06 0.5400 0052 i - Buttaa®e -
0.64 . 0.67  Pentane A 0.59 n- Bq!tg;gne 201 170 1. 2831
1.31.  ,,1.25 ,_Hgaﬁp i-Pentane g3 ;2 a0 318 2,418 2.35
2. 26 n-Pent ane n-hexane 1.58 133255 .52 ogg L 4 30 Hexane |
3.75 .3.73 MCP. 67 - 3.55 200.62 oem Hexaps3 0.43
1.41 1.40 ""I'_E:gge 1.37 'I\/CF‘L;eg -4:.;8 (2).461;- 0. 6@.18
0.61 0. 60 : i - Hept ane : 68 -4 2p.87 4,22
4.2% n-Hébtane  oeme . 1.11 387 38hige 134 138 actane
2.47 2.80  Cy+Pariflin 2.94 25500 198 Oct agian 0,
0. 54 0.61 I'Bmﬁwﬁo 0. 65 [ er _l4¥Par af f2.50 21.79 03
1.04 ﬁ‘él 04 Tolq]bengenlge zene 1§g§ 14.59 93 1:1:.83 2. 1575 2. 74
2..66 Tol Gene & 16. 04 3 98 15.
] i Et hyl benzene %,3‘,’,'&,41 _ 2. 4§503 gggé qg
i M P- Xyl ene. Co+Ardmatit2 |  13. 5@0.32 13 4 Orghgxyl ene-
f5;53 '5.52 5.51 | 5. 43 C, +Aromatlc = Totals
:18. 44 . » -18.91-Togal & -Par.af f.ins..- 22€ 2’; 7% 135;” 3Fm—ee2] . 89
21.90° Aromau cs R e 75 8. 73 58. 58 281 ar—
Yi el ds _ .rgg‘a_ﬂcs 80. 82 _gﬁ_g °8.8%. 46_%%%xt an
. 99.53 08.98  Totd) Yields "98. 83 Ae4determomad by ress spegtegnetry 45
50 60 ¥ - _
: . Octane No.* 9_7.59 97._89 100.95 101.11
*As determined by mass spectrometry '

© _

- 45

s0

55

60

10

i nvention C

18.16



™

0017474 “TABLE || (Cont'd) Sanple No. 5 6 7 9/5

8 Ti*meonG |, hts - 43.33 53. 42 71.38 95.18 Qutlet Tenp..
[err]F . 930 930 930 930 Conponent _
W . % ongleed Et hane -~ 09R17474 5 6 0. 05 0.06 to
Propane™® 0. 49 0. 50TABLE Il {€bntd) 0. 46 i-Butane
0.58 0.57 0,49 0.52 n- Butaane 42 1.18  1.16
1,01 1. 07 1- Pent Sgfgple No. : 16 1.94186 2.05
n>Pent ane , rﬁﬂf;-ro"%'?” 1. 441;79‘5?3IS 12% 1f5 15 160.51 -
| - Hexane - 5‘ 3.48 7 n- He§< e
1.37 1.35 Coinp@ient - 1.32 MCP | Wt%onfeed - 0. 60 0.58
0.55 0.61 i - Hegtame———— vo400 goi' 22 ———4 '05005 4. 37
n- Hept ane P .19 1.17 1.1 1
i -Octane  F-Butang- 03 3.00988 3. 0¥58 3823 n- ocffe
- 0.67 0.62 . nEButdhe 0.76 C9+Fiafﬁffl n 088 097 1.39094  1.42
1.66 1 98 Benzéfentane 2.5 12161 .1.812.35 1.80  2.48
Tol uene 2;:;';'; 057" 15.13 153 13 k09 141 28 25 112
Et hyl benzelfe - e 68, 2.67930 2.5 gg 2388 M P- 3fZene
13. 41 13.10  mes'8o 12. 52 Ortd’nx l e 076 5 4476 5.32
4.76 5. 05 C9+MHeptertei C 339 65 5.3725.24532 21.70
SO . » :\-é-g‘ptane 086 ;;g Tot a; g;Par afﬁtzlgs :
22.10 = #¥1.7 X 22.55 Ar ics 5 59. 25 58. 47
60.34 = 58 55 35 c+‘,’,‘§??m,, Tot al Yl el d% o4y 81.3g38  gd30
81.13 81.40 COct abeend &73 288, 69 21298 01373 97.91
*As det ernmi ned by n#ielserepectronetry 40 165350 601609 12017474 1IA3LE N
(Cont' d) ZAnple No. Ethv'gepzene 9 283 10 313 11 3.1 13.16i ne on
Gl, hrs 109. h;x‘;,‘zgs 33 122 gzga 13H 114 outlflds Tenp.
Jderrd® - 930¢,+aromatd30 - 95925 Conpgfiglt 2170
= = e s LTI - Towle .
Paraffins 1731 30.20 2096 . 29.49
| - Aromatics . - 5908 - 5638 56.01 56.02
a8 TotalYields 7839 8658 8697  86.51
o Octane No.* ~101.10 92.73 93.03 93.19
: - *As determined by mass spectrometry. . | '
. 48
80
56
60
. 68

"




550 o S 81 1. 80 n-Pent ane

|-Hexan - Total8 28 2. 99

—_ T 23.7§- 98 2377 16 12448
1.30 | omatics 0. 44 5782 77 58.48 7 864 5768 .
i-Heptane - TouwlYields. 13 5.8is8 8236 8170 32 a2.10

OctaneNo* 8707 8747 9737.  97.05
*As determined by mass spectrometry S

12

Ethane o - 0.05 0.04  0.05 0.06 to
Proptne - - 0:43 0.40 0.40 0.50 I-Butane
0.51 0.48 . 0.46 0. 61 n- , 1.05 1.00
0.92 - 1:23 1-Pentane | C61¥gzs ¢, 1.70 o
2. 31 n-Pent ane 1.33 TABLBIL(Contd) 1. 15 1.58 1-Hexane ¥
3. 36 . 2.49 25"7“:“e No. 3.35 n- heaane 18 1. 32o 1.33
0. 96 1.30 MOP qnaampie 796?&) ] 0.320 . 0.43
8 .
1-‘Hept ane , ouﬂet-re,#pdz‘p 4. 4'g930 b %338 n- Sane
1.28 - .28 . 0.87 20 1- Cct ane
3.57 Commnt . 1. 63 n-Cctane Wt%onfeed 0.79 0.79
0.34 e Fparartin , Z 95 O
,E,tu’ e 2.47 " 2% 8879 0.04 03°§c§| uene
14.54  {Butdne8 15. 75 aso,g2 53t hyl b§ﬁgene Y
2.96 n-Biltafel 2.83 M P1xgl ene 110 102 12.5 19 12. 79
10 04 13. 45 O‘t? meéne ?gg 03 %;; 5.12 igﬁ 3. g.’l‘l‘;
5.31 (err Ar omat 20. 32 20.74 14. 2 Tot aI S
cattine® ,,_,.‘,’;‘,2’;, 85 21. 7533913 55332 17. 813§\romat
7.62 58.66  MCB3. 88 59. 79 Tobas Vi el o83  80.
:180. 41 77.43  i-Heptang0 35 COct ane No4.80 461 97459 23489
1100. 95 101. 11 * AsHepsen®r i ned by mass1é ectrorie‘izry 40 %8155 101.34 0017474
HTABLE 11 font' d) MM No. 318714 372 15387 16
Time on G I,hrs ¢ +paratih37- 45 1462'3 1§£§:‘7’59 28%o0. 51
Qutl et Tenp., [err] FBenzene 950 24910 253 910 250 igionponent
W . % on feed Et hane'ggl'u'el;\: . ®3.86 136@)(:304 1;.02)0.051385 0. 05
10 Propane ylbenzene 5 19 41 312 (.40
_ l| - But ane | P'xv'en 0. A gg d:‘;ng; ) 123g 44 nl gane
'1 15 0 88 c.+ tic 0.94 12 gat ane g4 A5 L 5321 59. _ ]2-2 4



n-Heptamre 0. 86 1.75-  1.84 1.70 20 ~
i - G¢t ane - . 1.62 5.93 - 5. 72 5.70 n-Cct ane @

Nowl—w&owl—\l\n—\

0. 34 1.46.  1.38 - 1.37 Cerrl+Pareffin : 0.41
6.17 . 570 5.59 Benzene %6{;4%% 2.98 2.08
2.12 2.13 Tol uene : 1&&3 n 12. 70 12. 77
+12.86 25 . Et hyl benzene 2.83 3.13 . 3.11
3&%5 MP- Xyl ene . 13. 24 Uaquid produgtfrom testp. 25 11. 48
hoxyl ene . 5.23 4. 4.61 C9+Aromatic
19.25 = %21.50 21.95 - 21.79 Chavmen: Pl parattine -
17.31 -30. 20 smpmaavo 29.49 Aronat i cs182 21343 s,.38
55. 38 56. 01 al i 9
85. 58 85. 97 0@73'1903% ane No. [ Jl[8101 10930 s?%
93. 03 '®3. 19 As cof em ned by nass spectrorretwgéla,fm 60 65 0017474
TABLE |1 (Cont'd) 20
Time on O, hrs  Ethanel70.43 = 179, 30,04 : 18@059 008 26 5 0.08
Qutl et Tenp., [err] Eropane 930 8:5 9308;3 938)2 nponent
W . % on fefdl Ethane"Butane $ .05 (o8 0.04y14 0.07
10 Propane j-pentane . 0. ﬂ59 2Q746 . 2230.41 222 0.54
1- Butane n;ll’entand_) 52 0. 5842 234139 143* 59 n- B4 ane
.09 1.10 i-ndxagg 1.19 i- ane . 2.
11 @ 02 XM n- Pent ane F?;zg _ A:;g 1.3% 1.0252
.31 1.40 "H? &ibne 588.30 977 3 4Gz 35.68 -
. 46, n- Hexane n-Heptane - 1.34 164.35 168 -1.32.54 11 aa MCP
.84 ho. 63 i-Octne63 = 0. 65 i-mégt ane ggg 3%: 2
a1 134 20 Cﬁ%"‘ W Cbiane 40 139 13%; % 5
Bl nzene - 2.00 202
12 3.87 n- O?g - 1193 84 1182 0. 87381 91.82
.85:C, +Pgraffln ° Ethylbenzene 2. 35 348.27 363 2.24855 . 2. 381Benzene
AT .53 MP-ZVIG@ 2.48 Td)l ﬁéne 11.81 11-(7)3 | 131- 2 -
14. 05 i 14. 00 hyl b ne o s, 01
3.08 ' 3.14 °*+%?T§"°NP Xyl ene 2% e,@?%lz o3 15%%]
12.38 - 12.21 Othoxyl ene 4.83  Tothls97 4.92
4.78 C, +Arggmatic 21.38 - 2145, 24 59— 424
Total s Paraffins - 24.14 25.20 23.24 24.42
R Aromatics - 55.85 - 57.06 56.69 - 56.24
Total Yields 79.99 8225  79.93 80.66 -
40

Octane No.* ' 99.39 9904 9945  99.45
*As determined by mass spec'trom_etry '

45

55

13



‘.

ad

23.77 23.16 " 24.48 Aromatics

57.68 Tot al
Cct ane No.

- W

Yi el.ds

97.07 o 589-799578273597. 37

determ ned by mass spectronetry 40 1zapLeifdttbhdd)4 TABLE |11

Par af fi ns - 23.76
57.82 58. 48 58. 54
81.70 82. 16 as
97.05 ' As

(¥

Li qui d product.
1

14

fromtest no. 2 Catalyst A, Feed B Sanple No 2
T Topaeei, fingy W50 s ogglpe Sl 20
Oért’l et Temp., [ er 930 30 930 93 nmponent
% on feed Et han.I‘;EtTemp'oF 3294 938 04 %395 04 0. 05
Pr opane Componemo. 45 0. 45 0. 49t % on feed0. 48 15
i - But ane 8—66 85 0—-5+ 0—60—h—But-anre
1.11 1.11 Ethanel.og 1.14 |0@$nt ane0.04 004 2. (295 2.27
2.23 " 2.22 n 2eane 1 42 044 4 43 g&l 1. 44
i - Hexane e 3. 20 3, 3923 38 2
n- Hexane i-Pentane 1. 72 1.2 2214 2zb
'0.82 - 0. 85 iﬂ%ﬂé@ﬂ% 0.84 1;341!3 tane;gg 1gg 3 5.71
:5.28 18 5 65 nt eane 1.62 1.6 1.- 1.66
i -Qct ane MCPIR 3.51 3. 79 3 § q .42 n- ane :
0.70 ~ 0.77  i-Hepthn&5 0. 68 [5@55] +Parg_ in 577 _ 14 .
1.39 0. 97 n-Heptdnel?2 Benzene 1.69 163 2.10.73 .02
1.91 Tol e&ne .:gg:& 11.99 36__81 82 368 11.8_3.84 1133;17 :
Et hyl benzene 3.48 . 81 M Lene
11. 65 11.81 guranfingg 11,87 ,@3 hoxyl}:éé § 4.05
14,09 4. 63 (Johlehd +Aromati c 11.82 221 135775 113523 43
:22.18 To#sal s Par déthylbepzene _ '2346014 388. 20 3.5723.24352 24.42
{Aronatics gnz-xvlen% 85 57. ‘01582 5‘6869 11@9 24 TdheR Y| el ds
179. 99 82. 25 "g 80. 6 |
"99. 04 99. 45 Co+Arogpti 5 As det er% fed by ss speg?rsgmstry'Z 50 60 65 o
' Tm'* R B L
Paraffins 2502 24.74 2558 2592
Aromatics 56.96 56.80 56.24 56.08
3s Total Yields 81.98 L 81.5___4 . 81.82 82.00
Octane No.* . 9820 998 98.94 98.63
*Asg determmed by mass spectrometry
40 .
“
50
s
L
o



65 13  -0017474 TABLE II1 (Cont'd) Sanple No. .5 6
7 -8 Ti'meonQO |, hrs ° 41. 28 45.13 53.11 61. 04
OJtIet Tenp., [err]F 930 930 930 930 Conponent
%onfed Et hane - 0gd17474 0. 04 0.04 0.05 10
Pr opane 0. 46 0. 44 0. 46 0.48 i-Butane
0.59. 0.57 0. 60 0. 61 n- BABLEAR(Contd) 1.15 1.12
1.17. 1.18 i - PesémgiéNo. g2 28 2.2 2:29 2.28
n-'Pént ane Time on Qil, A8 1. %61 Iy 88 49 |312
i - Hexane ° ' Outlet Temp., 3A 3. 2%30 39 34 n ane
1.79 1. 80 1.83 MCP .
0.83 0.84 Cog;l:g%&lt_ Hept ane Wit.% gn feed 5 57 5 77
5. 76 n- Hept ane Ethane - 1.69 0.04 63 1.73 5
i -Qctane ' Propane 3. 63 3. aa g9 33597 n- é’.&.,ane
0.72. 0.73 nﬁ;&:"% .79 q@rsg +Par 20.64 n 0.61 05933
1.33 1.45 i-Pe ;ﬁp Benzene 2 1241 96 120 1.957 1.92
1.89 Toluene  n-Pentane  11.82 220 61 1.47 229 11.28525
Et hyl benzee i-hexane 3. 60 3 338 Y17 M 48y! ene
11.82- - - 11.81 - ,’;H !"369 11. 59 ontahoxyl enea1 1.82 g
3.97 3.90 otgde Cl €1 1] +Aromat D84 085 23.m8s 88588
23. 69 23.90 - nHeptandotal . - - $§§ff| ns$;9 566 25 588
24.74 265.58  -Ogan®2 Aronatics 374 8.96 158  56. 69 56. 24
56.08 35 TorQgtany| el ds 0781.98 575 81 355 81t '-
82.00 Cctane No. Cs*"a"’fﬁ" 99.20  1.499.16 1.78 98. 94.73 98 As
det erni ned by nass-,-g,gzgﬁetronetry 40 451{:?10 - 9927474 TARLE III13§Jont d)
Sarrpl e Nozs . Ethylbenzgn _ 5 1 21 1180 Tinkl.3% O |_. hrs
84.61 °  76.53 MP-Xpéhe69 92. 12, 44 177¢ut | et 313%7]3 {1g;f]F
Orthoxgigpe 930 Camponent 3.90 3:85' ‘388
- Cy+Aromatic. 2512 23.21 23.03 ° 2358
Paraffins 25.09 26.62 26.19 - 26.19
Aromatics 6708 5584 5579 55.91
Total Yields 8217 - 8246 = 8198 82.10

Octane No.* B 98.75 98.52 98.72 - 98.60

'_As determined by mass spectrometry

55

15

@



Octane_No.‘? '98.68 9953 = 99.63

*As determined by mass spectrometry

- 16

Ethane ¢ 0.04 0.05 0.05 0.04 to
Propane - . 0.44 0.52 0.50 0.47 i-Butane
0.58 0.64. " 0. 61 0.59 na ‘ 1.15
1.24 1. 20 1.17 i - Pent ane n"_mti%‘ .~ 2.25 2.34
2.29 2. 25 n-Pent ane _ -ﬂAaﬂ;aw 1.54 1.53
1.49 15 n- hexane . 28 - 3.58 3.56
3. 32 n- Hexane 1.81 Liqmdprodyct!_rpmtestnofi 82 1.81 MCP
0~64 50.85 0. 85 0. 85 5. 58
5. 79 55. 66 5.68 n- Hept ans ahyst ERUARD; Feoan 1.75
1. 68 1.69 20 SampleNd.- Cct ane 1 2 3.78 & 95
3.93 4.10 n- Cgt“?ﬁ g Ofl hrs | 780,74 1783 0. 72381 31.78
0.81 Clerr]+Paraffi tiet Temp., °F 1.49 930 , £§0 93073 9301 92
‘Benzene Component- 91 1.92 L M%mfeed 1.85 Tol uene
11. 35 11. 51 13bd— 11.39. P25 fhylb
3.49 . 3.59 Ethaglyl 59 3.55 M 5<y| ene005 oog 11,005
11.71 11.77 Proeanpe g7 ot hoxyl en 3.
'3.85  '53.88 O el by ONatiC 75_ 25. 2;73 '_ g%l :?353 03
‘23 58 Totals . . .i-Pentane . Par afflg‘ugg . 2.86 2257. 09  2.8026. 62
.'26.19 26.19 Au-Bermsriecs 1.8957.081.73  55.1%8 % 79
55.91 35 ' TotHaxang | ds 3.62 32. 173.80 8234‘8 33&0 98
i82.10 Cctdhe No.* rexans 98.75 - l4fhg 5o 145
‘determ ned by nmss ,s,,%g“gorretry 45 50 E%) §§g7474 E IV UI d
product fromtest npHeptare 1.18 1.12 lyst
(sul fided); Feed A iStqneeNo. b.41 214 2 203 Z10
" Time on O, hrs n-Octane 7 g7 17. $p54 1°8§ 046 738 OR‘F‘bt Terrp ,
C,+Raraffin 1.04
F 930 Bordard 930 930 12’ Forpongids 225
W . % on feed Ethanerluene g ézo 1231 0. 05283 0.05.
Propane Ethybenzéde59 0. Ig/7g 3.98. 58 i -4bit ane
75 ad). 73 M:B-xmne -~ 0.71 n- 4t,§?ane 123; 12'8? 1.%&
1,47 1.44 . "YAQS"l - Pent ane . 5. 2. 68 .
2.57 2.60 n- F% 24.64) g 2183 1.76‘ 12.36@
1.72 i-Hexane o 3.62 - 3.80 Totald 2 3. 60
3 ' L : ' .
' Paraffins : 22.23 21.31 20.54 21.26
Aromatics . . . 5922 5908 60.71 59.88
b Total Yields 81.45 80.40 81.26 81.14
40
1 99.56




20 “.  n-‘Hexane 1.45 1.45 1.37 1.43

MCP ¢ ; C . 0.64 0. 60 0.56 0.58 i - Hept ane
4.15 3.99. . 3.74 3.87. p-Heptane ' 1.18
1.12 1.04 1.09 i-Cctane 8oty a9 2.41 2.14
2.03 2.10 25° n- Cct ane TAngw(cgm'd) 0.54 0. 49
- 0.46 0.44 C[err;+Pz'arhz'iffin 1 0 51 - 0.93
1. 02, Benzene ampieNo. 2 1 2.09 2 Tol uene
11221 ,13.02 o;'m iy 12 83 éﬂg§§| benz‘*é;gg 5'::,33 §§§§
4.09° - 3.98 P P—X | ene 1.86 12.
12.34 12. 43 Ortdompydeene 4.61  Wt%dnfadd '5.01
5.06 ([ err]+Aromat ic Sttt 24—55 24— 23. 36
Totals Paraffins . Ethane 22.23 °§1 31 298 20.5%93 29: -
Ar omat i cs Fropaneg. 22 59. 0§ 60.9/ o8 88 To é Vi el ds
81. 45 80.40  n-Butene25  81.14 omgne No.t1*34 1.42
99. 53 99. 63 i-Pef8neb6 As det er m nedoby naszsflespect roas®etry 45450 56 60
0017474 TABLE IV (o(?r.gt:;t:zw Sanpl e No. 16; 15?6 ;gg
8 Time on &1, hrs Hexans,; 70 45. 4 55363% P52 5 343
Qutlet Tenp., [err]:)ig °§§0 058930 0.59 930°§grrponent
W . % on feed Ethane i-Heptane 0. 882 Q.85 3.94 05 389 0.04 10
Pr opane ;n-Heptané),_ 55 " 0.52107 0. 52183 _ Oégg) |-Buggge
0.67 . B.e5  Hochee 063nBtg - 207 .1.33208  1.34
1. 42 1.34 .i-Pe - 132 53 303 2.44
n- Pent ane . Banzene-- 57 1.65 2'32' 1 493 12%% 15 234 |
| - Hexane Toluene 3. 49 3. 8323.00 3.12188 9 2.8 n- Hez2a8be
1.42 ¥ 44 Ethylbdrgzene 1.45 IVCI?% 93 ' 13?(1;3 1283 0. 53!132; 0. 58
0.59 0.59 H% 82 84 3.9 3. 89
n- Fept ane ! ci‘"& Lo AR L8 Agh 20 b |
i-Cetane ' * of 2 2.06 n-Cctane
. @45 . ..047 946 C[err]+Paraff|rTotals, o 104
2. 34 Tol uene 13. 00 ; 8 9?32 94 12, 83 %
Et hyT benzene mm‘m% o5  3.927%8 583;9484 I\/PZ( ene
12.27 &2. 10 Totd) Yields 11.83° 8o.s54 ao.oe 80.61 80.18
S Octane No.* - ' 9956  99.56  99.34 99.38
*As determined by mass spectrometry
40 : .
48
'_' bad
&8
80

¥




Ot hoxykene - 4.99 4.94 4.91 4,85 C[err]+Aromati
/

23..34 ~ + 23.12 22.85° 21.65 - 30
- Total s Paranffns 20. 79 21.67 - 22. 80
Aromatics 59. 87 59. (2)9%7"" 8. 94- 57.36 35 | Y
Total Yields 80. 54 80. JBBLE IV (Gt @)1 80. 16 Cctane No. '
99. 56 99. 58 a99 3 99. 38 As det er m ned by Mpss spectEOmetry 40
45 . o 1-7 0017417:?9 (Cont ggzganpl e,ﬁ%g 89.10 10
1% 5 12 Ti e OutletGhip, T s 19 %439 89. 18538 92.99 5
Qutlet Tenp., [err]F - 930 930 930 930 Corrponent
W . % on feed Ethan&omponent ' 0. 04 WtgGonfeed (. 03 0.03 10
Propane Eth 19, 7 727 | -
0.64 10 0.64. p,oab,,e;o 0.59 n- g%ane %;g% gfi 1.36
1.31 7127 i - Peatne - 062.52 o064 2. 47080 é‘ 2. 40
:n- Pent ane n-Butane 1. 71 1.6836 1138 1.41 63 151 27 :
i - Hexane :f;e"tfa“e 3.86 .  3.68%2 %:ggG %-g 69 .n-Z-Jégtane
1. 50 5 148 MHadnd® - 1.45 Nog e e 0.58
0. 62 0.62  n-Hexand i -Heptane 10 148405 149 4. Wgs  4.07
3. 94 n- Hept ane MCP 1.15 054.15 o062 1.140862 1. _égi - Cct ane
2.19 2.23 %z%pggg - 2.07 n-f?gane 4.10 4070 46 ?.94 0.50 -
0. 49 200-47 Je affln ' . 06 jo.8) 0057
0.51 BenZene -O;tane . 2.44 219 ggg 2. 4331; 2. 3§°;rol uene
[13. 25 13. 13 c,+Paaffid® 13. 07 &éa 0.69Et hyl I@ey)zene 0'5
113. 96 3.97 Benzé3\097 3. 93 MZu&yl ene2.38 243 12. 1233 12. 10
112. 19 12. 07 | ene 13.25 4, 941313 19429
4. 94  eff]+Ar omat Y',‘(’;;:;"_ 21.90,398 %go B@? 93 30
[Total's Paraffins Qthoryiene 21.19 'Zos 20 o8 20 5%5
JAromati cs ~ Cy+Aronfatic 60 58.8le0  592. 33 32 35293
#Total Yields . . 79.79 - 79.89 80. 05 '79.52 Cctane No
9924_”9921 99, 42 - 99.59- As. det er ni néetalby mass spectronetry 60
?675'_ T ' 'Parafﬁns © 21.19 20.98t 20.72 20.20
' _ Aromatics. . . -58.60 68.91 59.33 59.32

3  ° TotalYields. | 7979  .79.89  80.05 79.52

Octane No.* 9924 - 9921 9942  99.59

@ *As determined by mass spectrometry

o

50

53_ '

18




60  0087474-TABLE IV (Cont'd) Sanple No. 13 14 .
15 .+ 16 Time on O, hrs | 102. 94 112.84 ~ 116.76 126. 76 | 29

5 g QutletTenp., [err]F . . 95 ( 950 950
910 Oo ent _ OOI%AOn f eed Et hane '
0.05 . 0.04 0. 04 0. 05 t O TABLE IV (Cont'dlr Opane
0.57 " 0. 53 %‘ o . 0.51 I-But ane 14 15 0.71
R T A Tl Wdﬁvoﬁé‘t ane 102358 112847, % 11676 11@8676
st 30 1 - POl #diTemp., °F. 950 950 1
2.33 n- Pentane 1.82 1.85 1.87 1.53'%5
i - Hexane . ComPOf'emS 56 3.55 3. W4%onfeed3. 73 n- Hexane
1.37" - 1. 37 55 |'V'CP005 0.0 004 0 43
.0. 41 9. 40 ga}gs -Heptane '8 o83 2 71 023 45’5
2.55 5. 54 n- Hepbane 175 070072 097
1.78:20 i - OniBatade ) 1.470. 80 148 0. 71149 38
4. 89 n-Cctane -Pl’e:r:ta:& 0. 18 ?ngl? ?5;) 14 23% 1. 13;5
C, +Par af fi _' 13 - 0.12 0. 1 Ben e
2.72 % 77 tHeos 1. 94 Tol §38e ]?37 ?gg 14. 237
14.36 14.34 MCR. 48 25 Eolagl benz gy 53
4.04: 4. 07 i-Héptghe M P- Xyl ene 2.71 2.6112. 83 255 12. 934
12.85 ]%o 73 Ort hpyioptars: , 388.313 z§72 5.15 gé; 5. 143
4.43 Cerr %Aromatic- : - 21. 27 e 21.2 21. 38. 30
Totals Paraffins  cupemmn . 17.12 %687 911 16, % - 29?3
Aronutics Benzer0. 21 60. 52272 60. @7 7861 36 1904 _
Tot al” Yields 'T°|U°“°77 33 . T7. 39422 TNa3B 1834 62 (at.a8eNo.
101.73 2501. 93 ‘h f 95. 06 eterm by n‘h@k specﬂﬁérret ry
40 50 56 60 65 19 474 TABLE | V' nt' d) | e }%) .
17 18 Ti megan ﬂc s etz 1% 21.44.40. 433§8
-Qutlet. Tenp., [err]F '0 T
Paraffins : ' 1712 116,87 16.79 29.01
Aromatics 60.21 6052 . 60.60 55.61
35 Total Yields ' 77.33 77.39 77.39 84.62
Octane No.* 101.73 101.83 102,01 95.06
*As determined by niass spectrometry ' |
“©
45
- 50
55
&0

. . ss -
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Conmponemnt. ) W . % on feed Ethane
0. 04~ *  0.04 10 - Pr opane
0. 45 0. 44 i - But ane 0017474 0.55 0.54
n- But ane ' 1. 20. 1. 18 i-Pentane
2.21 2.17-n- Pent ane TABLEIV(Cont'd) 1 45 1.42 15
i - Hexane Sample No, 61 52 n ane .
1.48 1.43 MCP . Time'our?mﬁrs _ 13:';733 0. 8{3|_4|_q06 0.77
. i -¥ept ane s . Outlet Terip., 2R n- He@toane _
1.66 1.61 20 i-Oct ane
4. 40 4,28 n-Qct angComponent W% op feed 0.97
Clerr]+Paraffin Ethane 2. 65 004 & /1 nzene
2.03 0 1. 99 Tol uenePropane 045 11 98_'44 11.66 25
Et hyl benzene i-Butane 3. 81 08568 M B84yl ene
11. 08 10.80 O t hoXyiP\éane 120, 4. 408 4. 47
CrAromat | ¢ n-pentang’ 08_ - 2233k Jo 217
- 18 i-Hexane Tot al s. Paja fins :52 .
_26 71 ' 28. 13 Ar onat incMexane 148 57.5%43 55.06 35
[Total Yields MCP 84. 26 @80 19 Ccoame No. .
l95. 62 95. 63 As det %d by mass spec?ﬁ%)matrys-g? so 20 0017474
'TABLE \ me d product. fr no.4 5 428 -
Cat alyst B (sul fided); Fe n‘iarrpl e No. 01 log7 2 3
i4 Time on O, hrs Ci+Piataffin 16.82 - 26867 4.780. 60 CQutl-gt Tenp.,
[err]F 930 . ?3029“0 930 - 30D to CbABonent
W.%on fged Ethane B e 0-06 119605 1168 05 0 05
Pr opane O.MPP-Xylene O- 56 p? 10@ 53 15
i - But ane ' @rBbxylene. 0. 76 48072 44%. 70 n-But ane
{1. 57 1.41 . 1. 35 Co+Aromatic30 i - Pent ane24.08 22.48 3.03 2.71
5'2"'62"' ”2 53 n- Pent ane. \ - 1.95 1.78 1. 74' ' 1.67
fitexane. 2. oo 053,095 . 4.02 o~ - 4 0FoWe 3 78 20- B
H—Fexane — T i’aﬁ&ns 167 &.ﬁz 28 13 11
_ g _ Aromatics . 67.65 55.06
»s Total Yields 8426 83.19
Octane No.* - 95.62 95.63
o *As determined by mass spectrometry
48 -
60
d
o
o

20

-

WY



55

*As determined by mass spectrometry
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MCP . - 0.89 0.79 .74 0.99 i-Heptane
6.38 4.86 4. 61 6. 07 n- Fbptane . 1. 54 1. 38| §6
1.31° 1.75 i-'Cct ane 331 2. 96 2.72 3.45
25 ‘n- Cct ane 0. 3017474 ¢ 0. 60 0. 67
derr]+ affin 1.31 1. 141ABLEV O.‘98 1. 20 Benzene
2.07 1. 84 1. 84 1. 85 Tol uene | 13. 00 11.76
11. 62 11. 76 Et hyl benzene Liquigpraduct from tegt npg4 3.35 3. 46
MR Xyl ene 13. 43 12. 27 : oxyl ene-
4. 68- 4.%0 4.22 4. 25 qjc'gta'y]"eé‘%"&g’ Flek’d 15. 59
22.16 21. 69 20 S3pi@dibal s 35 Paraffins 2 3 27.17 4 24.74
23. 66 26. 80 - Ar omaljmesen Oil, hrs 52747 1692 73 20.6%54 913060 53, 72
Total Yields Ouggg Tgme- °F  gp. 47 93078 57 930 g0 53300 oct 842 No. *
96. 89 Lompohent  97. 74 As determ ned Qytohgh¥sedSPECt rometry 45
50 55 60 65 21 00 £\ ' NG - 5
6 7 Eﬂvaﬂ‘éne on G, hrs g-gg 4@Q§2 @Q5 46 00554 38
64.29 5 paNenp., [err]F : 3930
930 Cornponerf gr‘ta":e - %% A)on1f4e?ed Eth%\ ?;8
0.05 . 0.05 dpffane  0.04'to 303 Bpane 282 253
0.52 0. 50 ntPehfane 0.52 i-Butahe 1.78 1.74 0.'691.67
0.67 0. 69 ' l-ﬂeﬂaﬂen But ane 3-39. ' ?-2?11.28 ‘1‘-22 1.2
ne o s
1.29° #9233 i- Pen{ig - 280 07 48 182 2 542.]
2.61.n-Pentane i-Heptane _ 1- 63 392 65 461 1.69 33
| - Hexane n-Heptan§ 6 3.66 154 3. 7!:38 3.30 n- Hexaae
2.06 - 2.05 . degane 2.18 MCP 3.5’47 | 3225 gég) 95 gggo 94
0.93: @96 i - Hepth ne /99 97 5. 92
6. 13 .n- Hept ane CorParefin 1 77 2;321 o 60 932 1.76]30
'-OCtane Toluene3- 43 3. 3813,00 3.7 1857 n- RATYE
' ' l{s)tien;ene 0.70 C ergptPar af 3i3s 335 3463
_____ _ MP-Xgle#e. . - 13.43 12.27Benzetik]8 12.06
gng lene-——1—9g - - 468 - 430 422 4.25
. Cy+Aromatic. 15.59- 22.16 21.69 20.34
| | Totals |
Paraffins 2717 2474 23.66 26.80
Aromatics 52.47 §6.73  54.91 53.72
Total Yields 79.64 80.47 78.57 .80.52
Octane No.* 96.89  97.00 97.59 - 97.74



Tol uene». - 11.89 12. 03 11. 98 - 12.31 . 25/9-
‘Et hyttbenzene - . 3.54 . 3. 60 3.59 2.80 M P- Xyl ene g[

2.13 . 12.21 . 12.23 10. 51 t lene _ 4,33

4,37 4. 38 4.46 Cerr]+Ar ocrr}gtw&ﬁl 0.92 - 20.99

21. 06 21.94 Total s Paraf fi ns TABLE V (Cont2ip. 17 25. 90 25. 85
27.12 Aromatics . ' 55 12 55.18 53 98- 35

Tot-al Yi el ds °88 :
o795 . ,98.28 p,.F 98. 11 %t erm by spec try 45

50 60 22 0017474 TABLE V'(Cont'd) Sa

.0 11 Campomente on O |, hrs amxanfaed 78 09
-87. 46 90.90 5 Ot T er—Tenp: erTTF UJU
1930 , 930 Compeipiffe | °°§ ggg 8@ %on
;;;—t hane . i-Butane 0. 05 2% 0670. 04 069 ropane
'D. 52 0.57 n-Butafa 48 0. 481.28 But ane26 1.29 1 33 0. 68
0. 73 0. 66 F%Pﬁe{rg:GG n- But ane - fgg %gg 1258 %ggl 36
il. 25 126|- 2. 50 2230 2.45 ’
. i-Hexane 3.66 3.66 7
.50 n- PenfPane n-Hexane 1.62 308 1 68208 Zg 1 3% 64 15
[ - Hexane wer o 3.66  loe¥5 094 3.60093  Be®
ip- Hexane i-Heptane 2. 08 A.991 65.972.07 592 2. BAACP
D. 93 0.93 "3‘99@992 0. 95 %Z24ept ank?1 1.69 1.76 6. 02
5. 91 - %582 eG4 - Heptane 33 3.38 325 354 70
‘i 68 1. 74 20 ¢, +parathin I-Cctangos 098 092 3 48113
3. 46 3.39 Benzede 49 N- Oct ane 189 1.92 01083 1.96. 68
0. 67 0.69 ([ erVojuedar af fin 11.89 12033  11.981. 13 12.31 1.03
{H. 17 Benzee Ethylbenzens 1.88 364 1. ¢ 360 §5§ 280 1 91 25
1 M.P-Xylen a 1 1
{[o! uene Orthoxylena L 82 o'%gl 3 89 "4z 1L g‘ﬁs
JEt hyl benzene c,+Aromati3 55 : 264 20993 552108 = 3.A%4
M P-Xyl ene 10 - 12.19 12.16
fbr t hoxyl ere. | | 4. 34 4 42 | Totgs 4.31
MW err] +Aromati c’ 21.09 0. 382 2 35
ffotals Paraffins  Raaffns 26. 38 26;34 égsa *5% 66 274‘2 26. 59
ir omati cs 54.78 = 247 5.34 949
; 'ot aI Yi elssls Total Yields 81. 16 8!0.838. 81.081. 0081.03 831813) Oct ane
f 97.89 . 98:.12 ~98.03 98. 07 As determ ned
[ y mass Spectronetryctaneuo 97.95 9828 98.42 A1
q | *As determined by mass spectrometry
40
-
50
5
60
.68
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.3 dénonstrates that

simElar to the total liquid yield provi

40 -For thki.s preparation, 100 gm of Aero 1000 alum na, obtained fromthe
Arer itan Cyanam d Conpany, were used in the form of 20-to-45-nesh (U.S.
Sieve Series) material. To this alunmina was added an inpregnating sol ution
t hat \-ha!)een‘ prepared by adding 1.0 gri®O17Z474] 0.5 gmof [err] 60 drops
of conc rated [err] (about 70 W-%[Q*Abiévé?ﬂt@m of the

rheni um cont ai ni ng sol ution 45 described I'n anple 1, and 0.6 gm of 37

Wt . % HCl solution to S@mgNef distilled9water. The inpregnated ajanm na was
dri€d and cal ci ned g&‘:@@ g"l'&ed in Exa % | . T808|yst 8Z48as preapeoed to
contain 0.4 wt.%platinum 0.4 w.%rheRflm 0. 334 % paA3%adi um 93hd 0. 8

Wt . %:combi ned chl or céiponbaanpl e V A third enbodi ngpg pfeelyne catal yst

enpl oyed in the preeess—ei—the—present—invention vias prepared, |t s

i dentified hereinaf f&¥ne&s Catalyst D. FBO5this posparatigow 100 o.ga of Aero
1 00Q alunina were _F’gg"‘g n the form of 2 2t 0- 450@dsh (U.0}8 Si eveO.8Rri es) -
material. To this sqlgidn@n Was added ang §'pr'egn t;’ ng soldt g on t P8 had been
prepared by 55. ‘i'n¢Pémgneati ng 1.0 gm 0{5 err] sgg gm ofy4eerr] 3;'§)6gm of a
[err] sol ution contaiPentage 10 wt . % pal | atlgam 901380ps off:goncentf:@g ed [err]
(70 Wt . % [&fr]) and-Hexengym of the rheni 368 cont aBiIbng soldda on t @0 i s '
described in Exanpl o @ Cuf ficient di st(@8ed wadl was 2ed to 212
solution to bring ifgeddtedl weight to [0$0 gm ¢ ﬁe reSlg} ing i %gnat ed
alum na-was dried andlepahei ned as di scugpgd her ghgabove jigg Exanpy'y, | 50

®

Cat al yst. D*%vas pr epbt®@eehet 0 cont ai n .0. 4 3wW8 % pl agdaum 03doW . % r3gi um 0.9

‘Wt . % pal | adi um and"‘@."@"%. % conbi ned ch®dri ne. 0.BRanpl e0\d7 Catalosds B, C,

and D, in the unsulﬁiﬁ%ﬁ orm were tes ﬁj inb ?h-scal1 3test unplts for -
their ability. 65 tordi@her m Feed A. The fgst unjss,are ri bed1;i' | Exanpl e
11 her ei n#bove. Cakthylyentend, in the unaﬁi ded 284 0036474 forggg nas
testied in Test No. M:P-Xyanal yst C. .in TESt0 No. 62.3and Cagabyst D2.1e7 Test

‘No. 7. Qperating c "xﬂ? were the s as th42 enpl 496d in 4B tests
f:ﬂ.a‘---‘sr;h 75@

Tesf's Nos. 1 and 3 P#faffingr esented in ao?@eiﬂpanyi 66-i gur @5.68, 4, @8be5. Figure
g?-’ﬂ%tcfot al |iquid V4Bds prfrl¥ed bf58he entdb@idnent s of

t he:cat al ywt 't hat i1gtafip®yed in the Q_r,gggs; ogﬁ@:af p(rjgd I' it'nWﬁn are
ed- by a’'sul fided plati “r heni um

-catal yst, Catal yst (Rtanpi¥plver, they ameg.8subst asg.iznl |y gg.eater iggay t he

" Further nore, both

‘with the gyl

total o liquid-yie royi.ded by the unsul fided platinumrheni um catal yst.
As:ieﬂeéﬁ% e%'“?ﬁ” FURBECs, as shown In Figure 4, and the

~deseribed-in Exanpl & e resul ts oBthi ned??Pdm Tedl$4Nos. 2-3hrough 7
_arezpresen®ed. hereinafter in. Tahles.VI, Vi1, and Vi’ espectively. The ... ..
“Fesgrts of these tests; -iTery: Tests=Neswbr=6, and 7 . and.Phecresubtsof Jomaos

yi'el:d of paraf f Fersthisamerakution) 100 dth @ ABro>1000" ShiHE Chbtinelt Mot B Okl diRLH Cinabid®

cat al'yst t hdEompany msreoysed ini the fdme op 202685-nmdbh (U SvE S6/s) mBteRdll ToQhis Aluthi
subst an o i e g bfen pieparec by atsiigicd oo BLIBECI, 6.5/4F0GPACH
L&l i E ;

than the. sul fi dCatalpdt &t wairepaned o Lohtain (04 We% . pi

: b f tHNQa). 4] gmtaf theirheniurhrgontaining Solatin
“pl-at i num r heni UnheGipr : 'ﬁ%ﬂdﬁ%ﬁ%ﬁﬁ%ﬂ%ﬁ%’%ﬁ cs yield 15
atintte, 0. A
No

.:.'20.;?(_30 . w%%ﬁt::,ird emb

test no. 5 209@&veiXeombided orleririef | ded) ; Feed A Sanple

a o
M ie 8.9 dh’%t pailgtfmpt
4 Time on 011; hrs 7.22 16. 53 |

odiment of the .catalyst employed in the process of the i i
prepa'r:ed. I': is identified hereinafter as Catalyst D, . g ‘present fnvention was
L . ort is preparation, 100 gm of Aero 1000 alumina were used in the form of 20-to-45-mesh (U.S
. §|eve Senp_s) material. To this solution was added an impregnating solution that had been prepare(d bs;
incorporating 1.0 gm of H,PtCl,, 1.0 gm of PdCl,, 3.0 gm of a Pd(NO,), solution containing 10 wt.%
. gg'llllat?‘;::rrt\’,mstqsd‘;ops _zf :’:(?nc.saxntrat?d|H§l(#i (70 wt.% HNO,), and 4.1 gm of the rhenium-containing

is described in Example I. Sufficient disti ' i ing i

total weight t6 100 " ! p! . istilled water was added to the solution to brmg its
" The resulting impregnated alumina was dried and calcined as discussed hereinabove in Example |.

60 - Catalyst D was prepared to contain 0.4 wt.% platinut 4 ium, i
.and 0.8 vt % comtas prepared & p inum, O Wt.'% rhenium, 0.9 wt.9§ palladium,

2

Example VI

Catalysts B, C, and D, in the unsulfided form, were tested in bench scale test units for their ab.i..lit
. L s i = DIty
66 to reform Feed A. The test units are described in Example lil hereinabove. Catalyst B, in the unsulfided

23




25 = Qut | et Terrp [err]F 930 . . 930 930 @

11930+ Conponent W . % on feed Ethane 0 51
0. 05 - 0.07 - 0.05 0. 06 . Y
0.65 - 0. 59 0.66 _ 3599%%% . 0. 63
0.77 dormq was tested(n T8st/NoB&t Qatelyst C, in Test No. 6: and Catalyl;t B./in Test No 6peratmg
1' 65 1. fgnqltiOp%w la_%same as those employed in theXest§described inExarbple lIl.
@ results obtained from ‘ﬁ_esgé\los 5 through_ 7889 presented j'_leralgafter in Table; vg YN, and

2 61 n- Pent angy, respectively

|YHex ane 5 The results of thesb- tgsss i.e., Tests:i\l 65 6, and 7, aad Zhg results of '?ests?ﬂo& lg‘%d%qare
0 69 0 p@3ented in accOmPanying Figures 8,0 dép
0. 12 I'H Figure 3 dgmgr@trptep-@pg gnetotal liquid yields provided bthélgmbodlments & tRe catalyst

egrrﬁep Hh e processoftha present inveriion are similar to tifk td@I liquid vieldpratiied by a
g um-rhenium catal talyst B. H oweyps. they are su taptially greater ghanh(Qhe total
Y: 22 i-Ccta W liquid yield provided by th un ul d atmi -rhenium a?s urtherm qse. th the yield of
p+ Cct ane aromatics, as shown inGidd® 4, and th of paraffin ﬂs in F:gure ided by the
] er r] +Par af f embodiment of the catalyst tHat ﬁ@mployed in tHe- pGﬁiess of the mventg.' antlall the
Benzene same as the yields of theresp@ctive compdhedté produced with. thesulfided pla lyst.
50 48 sﬁz‘ote that t ngrgf'ded platingm-riemium mqlm provides a substantially lower arﬁmiﬂcs yield
h a3 157 thg the sufiied %@"W'ﬁ“%j‘l%ﬁ&" A
=0 76 9 99 Ot hoxyl ene N 931- BLE»'?_I- Og - 5. 52 o 5.7
b. 69 Cerr] +Aromatic :
15l 98 %t al 15 Paraffins Liquid proguct from testnd. B. 32 12. 5849 18 55
2. 84 Aromefi cs 45, 49.41 .18
lHotal Yields 5474 Cotahgy B ugmilasd Feer Ag o 62. 02_Cct ane
;' 0. 1058&6ple No. 104. 56 1104. 35 2s éoéo?a%uAf ?et@r{negted
romet r AP Lhrs 0017474 TARZE VI | 1658ui ct fzemm
! )c/) gags spgg! )E t’t?ﬁtp"”: 3% yst @30Feed A3Qanpl e 930
iyl 2 Corponent 4 Time on O, hrSWt%onf§?£ 18 93(1)8- 33
2. 18 32.03 Outtetforp—rtork 230
8  Ethane 005 W .%.0n feedoﬁshSHES 0.06 0. 45
I _ ane e 0.65 0.59 0.66 .
- St i-Butane. . tgngﬁ_f[? 'gag.ji . .o 77063074 (0 ©O¥8 . 05
649715 n-Butane |~ BU 1,47 170 577 185 1 17 1i78pent ane
§. 57 n-Butane i-Pentane 1.33 - 2Lg08 256 2'61 1 35
e, 41 2.03 n-P@nt8ne 2.21 n- Pemane 1 '88 189 1.67792
W 50 ¥ 44 | - Helrane ' .937 2.58. 27 2.;% 3.652, sgl 3;» S7
| exane 6 , Q9822 09
: n- Hexaneycp o 1. 4358 155 0.16 0.16
i i~Heptane 0. 45 0.83 093 0.93
n-Heptane : 0.11 - 0.19 0.22 0.22
.40 . i-Octane 0.03 0.08 0.11 0.10
. . n-Octane 000 - 0.00 0.01 - 0.01
Cy+Paraffin o 0.00 000 0.00 0.00
! Benzene . 7.16 6.14 5.93 6.18
it _ Toluene . 2048 = 2047 20.38 20.80
f 45 Ethylbenzene 0.11 0.43 0.52 0.53
i . M.P-Xylene 8.33 9.66 10.76 . 8.99
l,-’g'-' - ' . Orthoxylene- . 5.00 557 5.71 5.69
e C,+Aromatic 3.93 5.53 6.11 5.98
50 ' Totals
Paraffins . 9.72 12,32 12.58 12.84
Aromatics - 45.02 47.80 49.41 49.18
i Total Yields - 5474 6012 6199 62.02
Octane No.* o 105 56 104.56 104.35 104.48

'As determined by mass spectrometry
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65

63 0.62 i-Heptane

25

‘1.15@

MCP - _ 0.58 0.55 0.
3.76 . " 3.65 4-38 4.20 n-Hept ane 1.06
1.32 . 1. 26. i -.Oct ané A 2.61 3. 07 3.55
o5 I& n- Qct ane 0. 48017 478 0.6 0. 69
d err]-+ araffin . . 0.91 1. 3@BLEVHIH 1.3 2. 07 Benzene
3.00 " 2.39 2.6 ~ 2.54 Tol uene . 15. 51 '20. 15
14,6 : 14. 06 Et hyl benzane - Liquid proglugtdrom test no.$ 4 2.7 |
2.78.30 s MP-Xylene d,z,.ﬁsc;p,,,“ll. 17~ 12.5
12. 06 Ort hoxyl ene 38 _ 51 4.99
Clerr] +Aronati ¢ T::mp'e 7. 47 , 8811264 29,76 321.50 Jot aI s 35
Par af fi ns om,e%;gf; % 19.90 218 55 § gg 2§29g§ Ar o3
56. 27 R9. 07 B '57.94 Totd Viel 77.1
78. 97 80. 11 CadinoRdnt 40 Oct ane No Wt%99f943 98. 60
98. 34 98. 00 As d o Te rss—spe Bty -2 |
0017474 TABLE Vil | d product from P@ no. - _' - '
Cat al-yst D;,;sFeed A ? Hne No. 63 1 Jag ‘5 3089 4
Time.on Gl hrs n-Butane 8. 06 211% : 381 OJt|f1Qt Terrp ,
[err]F 930 . i-Pentan®30 930 241 930040 Conpg@gent  2.21
W . % on feed Ethane :':’;:tane - ga;; 035)4 ;55 04 ; g; 0. 05
Pr opane N 50 0 47 0 15
i - But-ane ” _ “ME.‘:"‘ ¢ 0.64 %44 % . 18362 n- @%ane
1.21:. 1.21 i-Hbpthde - 1. 20 I - ane 36§ 438 2.3
2.37. 2.18 %c?mm- Pent ane 5555 ;11545 13; 1.47126 1.36
1.46 i - Hexape i-Octane 3.28 52 6B.19 30 3. 65356
n- Hexane . L n-Octane, g 1.36097 1.9 828 MoPO-69
0.56 0.61  ohx 0.65 i - Jogtane s'39 Joy 3.8
4.18 - 4.07 Télubee N- Hept ane 15.51 20.156 18 148} 1. 22406- 1.24
1.297i - Cct'ane Ethylbenzene 2 61 - 23508 244. 00 2.79 3.482.78
T % M,P-Xylene 12.45 1117 1258  12.06
Orthoxylene - 5.38 4,67 5.1 4.99
C,+Aromatic 17.47 18.24 19.76 21.50
Totals o '
35 )
Paraffins 20.86 19.90 22.53 °23.26
Aromatics 56.27 _ 5_9.07 67.58 57.94
- Total Yields: 7713 - 78.97 B0.11 . 81.20 .
Octane No.* .99.46 98.60 98.34 98.00 -
*As determined by mass spectrometry
45
50
i 55
‘d.



0. 69 0.

25 " n-Cct ane: : 0. 58

Clerr]}+Paraffin . 71,20 1.69 1.48
2.34 2.38 . 2.16 2.37

13.03 14. 24 Et hyl benzene '@blﬁnﬂgg 2.81
2.90 30 M P- Xyl ene MBLESIII 12.59
Ot hoxyl ene 4.71

| Clerr]q+Aromati c

18. 48L|qu|d pro%t Hgn tes? "°2§ 90

Pardffinss . 20. 77 22 Cathiyst D; Feel ALS
59.02 58. 29 60. 11 58 18 Total Yi eI ds
80. 83 81. 29 Samp '!?7 40 Cct ane

- 4.

1. 85 Benzene
19. 10 14. 1

5.01
20.85 Totals 35
23.79 Aromatics
'79 79

ig go 553@38;693

0.78

2.63

11.81 12. 82

97. 90 98.12 ol °° g'i’?p ned by na ospectlrgﬁgstry
0017474 TBLE VI 11 Oont Sanpl e . Ti me on
Qli, hrs péh%nt 44. 54 * 5 Wt%onfeed Qutl et Tenp.,
[efr]F gtﬁ?ne ———630 wnpuucm ooa (“J}\‘:OE -0 f eed
Et hane - 0.30 505 pr ’ 0. 39
0. %1 i-Bugane zrg‘:,‘:::: 0. 54 8.62 ggin But Eg"g 0.49
1. b8 1.21 i nBahane 121 > T 180 n- ngzane
i1.B7 1.46 16Pentane . 2.32-Ie_xane237 2.18 2.343. 37
3. 63 n- Hexane - entane 1.33 ;.;g 1 -GZI\/CP 1?6 1.46
0. 62 » 062 i - 1EATne - 12 4.3%2 A3 n- I-%:ggane
+1.25 1. 36 ZMcp , 05‘Q3t g 3- 38
' 3.48 n-Cct ane i-Heptane : 0 75 3.89 380[ err]fgar af f |4154 -
-2.,49 2. 35 Beheptans ;;? 2 3.2; ;%4637 TO';’ﬁ]e
13.82 14. 01 'sldctane - - Et hyl zene - 2.85
2.61 WP-Biene - ¢ iy 1245 930 12.5yghrthoxfidhe | 933 |
79 4.82 ShianAromatic 29 253.36 278 20. 9555
Toluene 19.10 14.13 13.03 14.24
_ Ethylbenzene . 2.63 2.81 . 2,63 2.90 '
3o M,P-Xylene : 11,78 12,59 11.81 1282 . .
Orthoxylene 471 489 == 459 5.01
Cy+Aromatic : 18.48 21.49 - 25.90 20.85
_ ' " Totals
35 : .
Paraffins - 20.77 22.54 2118 . 23.79
Aromatics 59.02 - 5829 ©  80.11 58.18
Total Yields - | " 79.79 80.83 81.29 8197
«© _
: Octane No.* - 98.33 97.93 97.90 98.12
*As determined by mass spectrometry
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30 . -~ Total s

- Par af fins ' 23. 36 24.20 Aromatics :
57. 58 56. 63 35 Tot al Yields 80. 94
.80. 83 -Ccjgne No. * 97. 56 °°‘7997§4 As determ ned by nass
spectro ry .- The above exanpl es show t masLetvne(cemtdr! yst t hat is enpl oyed in
t he process of the present inyention, i.e, a catalyst that contains a
smal | anmount of palladiumin 2anpleNgn to pl at|n nd rhehium while

previdi ng a,slightly small ergﬁﬁf" i gnber than con# ggl onal sul fided
pl ati numr henr um _al um na catal yst, provides yie t hat e substantially
equi valent to t hose’ provi dedCoypdnem conventi onal Mt%uhferedled

pl ati num r heni um al unmi na cat ;FS[ However, —tte Lg‘g:di yst—tihat |s enpl oyed
C

in the procgss of the presentr ention does notg qui re®BPesul fidi ng to
control the initial hydrocragcghdha. Mreover, thegggtal ysggghat is enpl oyed
in the process of the presens-Butamention perfornsigatisfaceorily when used

‘to reform a feedstock contai Hrentane subst anti al a?ﬂﬁrnt of28Ql fur, e.qg.,

ppm sul fur. 1In view of the ﬁ"‘t he process of}-3he preygRt i nvent i on

provi des an’ mproverent over ABE Orior 60 art r éF3% ni ng cess enpl oyi ng

t he conventional sulfided plggpnum rheni um al umm catalggd. No pre-

sul fiding of the catal yst |sr-I1leptpnared and a feeds3dck com#lining up to 50
ppm of  sul fur can be ref orrre@l' aneeans of the pritfess of 1.88e present
invention. ¥ dains 1. An'i ed process for g ref og'Eng of a
hydrocarbon stream sel ect ed gr_,_egpa?rpe group consigid ng of 3;ggpht has and

hydr ocar bon .fractions boili ngmm‘et he gasoline ba.d1ng ramge, which process

'corrprr ses contacting sai d hytalwoar bon stream unt®82 r ef ofi4Dhg condi tions and

in the pres#nce of hydrogen ﬁ "l’P"ae“Eat al yst whi onpr | pl ati num

- rhenium and conbi ned hal oge

refractory 6 orgah 2 OXi de,
charagterised in that said cg IcaI so cont a|11|s33)al I adaym and has not

-been presul-fided. 2. The pr ocess of daim1, wherein said.refract ory

Skt (Ees- t hereof 37 ~Fhepr st_é of Crai -t - or=

{nor gani.c owi.de .of.. sar d .cat-al yst 1S .gamma-- aI uni na, Toettla al um-na;e.or

of paIIadlumln said catalys iwlthln 65the§ 9% .65'vvt' %to 1

Wt . % ~tal cul ated as the el enent: and based upon_t.he_vvel g.E.L_af the catalyst.
27 10017484 - ~ Total Yields: S * T/aLas VI | IBQSI)nt d) Sarrple No.
5 = .6 Time.on O I, hrs ' 41. 22 ' 44.54 5

Qut | et Terrp [err] F - Octanedig 930 %7,’ok-haponen?7 34 .

W. % on feed Ethane *As determined by masst&.Qrometry 0.05 10~
Propane 0 0.39 .51 i -Butane ' 0 54
0. 63 n But ane, The above examples ‘show @gt the cetal\[gt Phat jis. mMQ\Qqejn the process of the present
in céﬁsévst that contains a small amo t alladium in dditio latinum and rhemum, _
.2 ]I-lg : 2% #l’; provFlﬁng a slightly .smaller octane qu li% vent?bnal sul;ﬁ;d platinum-rheni
| - exane - alumina catalyst, provi 3 s that are s t to those provided by the conventi I
1. 39 NCP 45 sulfided platinum-rhenium-ait catalyst. Ho & caTR{t UL is employed in the process of
4. 33 : 4thd Pprese ativp does not require presulﬁdmgltn'&ﬁntrol the inifial Zgdrocracking. Moreover, the
_ catalyst that is employed in the process of the present invention performs satisfactorily when used to
reform a feedstock containing a substantial amount of sulfur, e.g., 35 ppm sulfur.
In view of the above, the process of the present invention provides an improvement over the prior
" so art reforming process employing the conventional suifided platinum-rhenium-alumina catalyst. No pre-
sulfiding of the catalyst is required and a feedstock containing up to 50 ppm of sulfur can be reformed
by means of the process of the present invention. . '

.55 Claims
1. An improved process for the reformmg of a hydrocarbon stream selected from the group
consnstmg of naphthas and hydrocarbon fractions boiling in the gasoline boiling range, which process
comprises contacting said . hydrocarbon stream under reforming conditions and in the presence of
. hvdrogen with a catalyst which comprises platinum, rhenium, and combined halogen on a refractory
s0 inorganic oxide, characterised in that said catalyst also contains pallachum and has not been
presulfided. -
2. The process of Claim 1, wherein said refractory morgamc oxide of said catalyst |s gamma-
alumina, eta-alumina, or mixtures thereof. :
3. The process of Claim 1 or Claim 2, wherein the amount of palladium in said catalyst is within
&5 the range of 0.05 wt.% to 1 wt.%, calculated as the element and based upon the weight of the catalyst.
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57.58 . 456.63 35 ool RS Tot aI %s 80. 94
80. 83 Cxct anse No. utle emg 97. 34 detergr%Oned by mass

spectronetry The above exarrrﬂompoeétmw that the cat aw;z%tontfdeat i's enployed in
the process of the present TJWwentiom, 1€, & C yst—tigt——cont ai ns a
snmal | amoupf of palladiumi r{“éfﬁmt ion to plati n@té%nd rhg@1um whil e
providing a slightly small eri-gggsh@ne nunber than g conveiggi onal sul fided
pl ati num rheni um al um na catiyst, provi des yi el.oB that 1@2a1e substantially
equi val ent to those provi ded'Pb')'/tat‘Gne conventional2.¥% sul f P@Qd

platinumr hsenl um al um na cat"@ff é"t’“ However, the [al yst at is ernpl oyed
in the proCess of the preser,t,tdeg,yeentlon does noty gpquireyj@gesul fiding to
control the initial hydrocras® ng. Moreover, the.eatal ysoeehat is enpl oyed
in the process of the preseiHeptarent i on perfornB4$?at|sfaét46r| |y when used
to reforma feedstock contaiieRé?™8 substantial gh#fint of ’% | fur, e.g., 35
ppmsulfur”ln vi ew of thez§I tfe the process ofgJjge -prepg |nvent|on
provides an inprovenent oveic,if@athhi Or SO art reiggm ng prggcess enmpl oyi ng
t he conventional sulfided pIBahaenum rheni um al uma®da cat al g87. No pre-

sul fiding of the catalyst |§'°tuerqv| red and a feetB8bck cdfQdining up to 50
ppm of sul fur can be refor I iflns of the p SS of% e present
invention. 65 Clainms 1. An igiRk )@e, process for ref ogighng of a

hydr ocarbon stream sel ect ed cf+Agink group consissde ng obomepht has and
hydrecarbon fractions boiling in the gasoline boiling range, which process
conpki ses #ntacting said hydrocarbon stream under T39%r ming condi t.i ons and
in the presence of "hydrogen pWakdds @ cat al'yst "mg’béomrbﬁ% pl atThum™ ™
rheni um and conbi ned hal og@pordiicst efractory #g10r gaggg3oxi de,
characterised in that said catal yst al so cont ai-hs—pal | aditim and has not
been presudfided. 2. The prd’e@ls‘éeiéi Caiml, wR¥n saﬁﬁaaefractory

I norgani ¢ oxi de of said cat NhLS ganmma- aI u et a m na,

m xtures thereof. 3. The pr@gégg 81‘5 Claim1 or daim 2, g%grel n the anount
of palladiumin said cat®dsgetermimed\by Mads spéctiolery ange of 0.05 wt.%to 1
w. % cal c:d at ed as the el ement and based u on the wel ht of the cataly

27 00174 The above axamples show that th “ fth °Qﬁ§ fdf.e present
th

Glaim 110 "?.“ Potéi .;% %%% ";ﬁ?ﬁﬂ%&ﬁ r? fié‘,ﬁ)i‘a‘ﬂi'fe fg S

mllion (pprﬂilu alcdtal Uéﬂ'ﬁeld hat s@&@ﬁtﬁ?ﬁe va%HVtoQﬁBie éht nal

wherei n saksd smiﬁdealpyathumathunselsnﬂ\a%tawtst Hotvevet, thé cafalpstabat m«mplﬁyeeih mb p%cbs's of
1 Wt . % r heni mﬂpreﬁacwnmr' Qealreureay-equrasﬂftdm to|coniegi the iniyal ryrdrbcracking, Merepver, the

e e R e
the cat al yst. HViRE e g Vs ah bl GUERACOVEH W& Brior
et a- al unmi ng e réﬂmﬂiw ;ﬁ&ce& mg the ¢ t&hﬂ@ﬁﬁ&ed}flatﬁtﬂm—rﬁ&ﬁurﬁfaluguﬁl datalykt. NO pre-
5, wherei n sailfidingdfohendataiyst @nehutred)m T forgatack @ortaining luptto 50 ppm of sulfur can be reformed

by means of the process of the present invention.

&5 Claims
1. An improved process for the reforming of a hydrocarbon stream selected from the group
consistmg of naphthas and hydrocarbon fractions boiling in the gasoline boiling range, which process
comprises contacting said hydrocarbon stream under reforming conditions and in the presence of
hydrogen with a catalyst which compnses platinum, rhenium, and combined halogen on a refractory
60 inorganic oxide, characterised in that said catalyst also contains palladium and has not been
presulfided.
2. The process of Claim 1, wherein said refractory inorganic oxide of said catalyst is gamma-
alumina, eta-alumina, or mixtures thereof.
3. The process of Claim 1 or Claim 2, wherein the amount of palladium in said catalyst is within
65 the range of 0.05 wt.% to 1 wt.%, calculated as the element and based upon the weight of the catalyst.
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