. ;e36& 6T& fu 16/ 05/2003 DESULFURI ZATI ON OF COLEFI NI C GASCLI NE W TH A DUAL
JFUNCFI ONAL _CATALYST AT 'LOW PRESSURE Thi s invention relates 1@, nbegess for
gesul furi ziFHg?O%)I efinic naphtha by olefin cracking to produce a | ow sul fur,
hi gh octane product with inproved gasoline yields. Mre specifically, the
I nvention relates to a | ow pressure process which advantageously relies on
a al catalyst for hydrotreatijng and paraffin cracking in the

saﬂmmmummm’m“m‘ | ume. The operating conditions of the process provide

si gni ficant. ol efi ns cr ackj Igﬁ}iﬁm INTOF ' nadd on fromthe
nmetals. to Catal yticall ;ﬂﬁésgc ed gasol1ne c%@;\ﬁlyhpgfgpsi‘%{ﬂmj or part of

t hﬂuﬂﬁmﬂ mmmw 0dUWITHOAR DUALIFENOTIONA ISCAFALYST ATAL.OWAPRESSURIDCESS

co arge proportion of the sulfur in the gasoline. The sul fur

| mpur i tdo@s+ MY require removal, usually by hydrotreating, in order to
comply with pr Odﬂﬁ% in@Bﬁﬁ)'nfrElEt%ts & Qﬁo%@sstfgr ﬁ%ﬁmlﬁziﬁé’ g}% ﬁ%@t}% é{l]oleﬁn cracking
environnmental regulatrons. Low suffur |levels res n _reduced em ssions ~of
CO, NOx Sando pyasiuse alows sulfur) high @giane predugtswish ieprosed gaselinmyields. Mone specificatly;

be expect eqhd RvbitRMASElalddth @ASW Pedsiuré brdceseRhich klVantag@usly £SOk £8ual
Cl'ean Air Act and the

conposition. Current the requi.remgnts of the U, S.

physi cal a%ﬁ‘%@ﬂﬂ&@ﬁ%&ﬁ’&l yfifoﬁ’i%P%HS sPaF"rngg@&E'Bﬁ I the SRRE EFactAr yolmeskhg i ne
(RFG and kipératingpbsditidistsithe pryuésatpravide significaneslefins cratkingvhile mirdmiligy clefie
in perm’ssibtle S lﬁ%t}l%&laﬁ but also in limtations on boiling range,
typically ﬁé&éﬁ‘?ﬁ' %y R T m Rei d Vapor Presssure 20 (RVP) and T90

speci fileati ons. Qatalytically sraskeshgasplinesgurienty fareysta majgr part of the igasoling prodube
Conpl ex Mgl masé'Ualtk®Bates anPiRCdeki EE@’coﬁﬁibhfes%qgié RH PRid 6 the sulfur

catal ytic ¢racker and _w thqut, any .further treatnenpts, C s purifylng
oper at i ons In Higgagoling; Jihesul 'mpgﬁ"%*d{‘%féqmmov ugually by hydrotreating, i ecder c e
of ol efini go ¢omplneith roduct specificatianess tol dnssrefdoamplianve witlyersirohmeditdl Rgalation h

hal i ' . r.efi I h th.a.
o ani 1 cant-esomip e R e HRisF A HEP o baFRbl " Aediioms
boi | i ngsi n other eguisarimental isontrols may e gepectdd tonmaose ipcroakinglyl stringent fimits on
refineries £crlﬂ‘éFcBH’| b8 '&abuﬁérﬂgﬁ ; 'E‘ilﬁteh%ﬁ s!%fﬁﬂ’é Y. 1858 A ?aﬁd‘ﬂxegﬂgﬁéal

napht ha. rolysis qasoline.is, ch 1s often produced_ a
by- pr oduct apg cpmgos imatiqns iBpess Db R Blﬁgedt%asgh%@?&)mngrﬁm
unsat ur at e Conpl&hModelriepylatior will desalt mpy baigdn a Bycredsgdn perddssitde aillfun teveR bud

very high ogctan upber Qkut..is quite.unst kD the absen of

vy ot r ont ARG 1 SR o Beiietafild WhiHIp hRREed By R RRRIROE sBbr Pregssure | e
gasol i e bdRMPhgnd Amgpecificatinng oLingtatiahsen aromatis cantentanayalop arisei foom tlie

di ol efins, oMk Mol fefulh@éd¥ gunms after storage or standing. Coker naphtha
Is simlar 1ncaontaining significant, amqunts of sulfur and nitrogen as well
as diol efins V\hi@HanI{@Ph‘?‘avlﬂﬁétt cames fmmngtecﬁa%ggg oxackey g th%ﬁtiaﬁlj%ﬂ'fq‘eény of
the sul fur ttg@ﬂﬁ@tﬂiw@ zisL;ﬁﬁf*i@%l_SperMﬂmhhds(ﬂ rielatively highgrsarleinngbboas 4 regult aftie,
causes a reduction i the | t . u r ion.in
the v Friens da s Sormbstishid 17 RriE booBh S SARRHERY e B Rl L o
desul f usi z &nif thre gasoliredis ¢hg refinery povh tegethenivath asignifieant oentaibityon toqurpduct

gasol i ne baij.l.i f

Cuse o EimPCONEr ka6 Fapfie bERE teifolfe tollhe I AR pRIGDCed

condi t i ons iboreeefiRgrpsArheterhiica Blagts; wsluds PrEQlYSS-Basolinengdcpksr naphtha.

;ragt i ons  PyfdlysiSgdibRneis Gfrekefl wiRE M offéh produded d3udyosrodadt 6l tHeyeraking ¢y t he
eea over a

h % ti I t | t ed t d .
somewnat | ePEUdEEd frEaoE Raproce eyt PisaBRed ASh s SR AR APRATE Basives o
cat al ysvs \ghsaline hasa bergrhigh chedne nusdbdr butris fhitsusstablé inghé sbsencedeflhiydedticatingf a
G VI : h ot
oup bg%a%g@ % ﬁ&’tﬂgoff‘focﬁg %stﬁ%e?l&ffﬁemogmgqﬁ Eheagzassl‘i}%%fgu%'}g?% hydpdenum

on a substrate Such as alumna, [ ¥_rotret|n lon i1s
conpl et e, ©hRtains substantia) praportioncafidinlefinsg which tend e form gyms afer steragePease

the hydr 09‘§f&n8fﬂg.f iCdRePRUbhERAI S Sifdilaf MR ORAMISYEISAIABAR aBdEMs o SulfiYahd @itfogen as
proposal s haye for. renovi sulfur while retaining the nore

cen, mag
desirabl e 388 ﬁeﬂfﬁé”q'gihm]i‘eit%ﬂ?l?qugétqﬁg?d to concentrate in the heavy
fracti gs of the Hydisetréaniag afidnjhyfithe slfielchntaining fractiops,ockicts bail inzthe gisedine
enpl oyed that. treat only th eavy .15 fraction of the c | yti.cal |y acked
gasol i ne Sgoé@g{@&eeﬁagﬁ#ﬁ{?gll%&ﬂdﬁéhec%lﬁﬁ'} F%’ﬁ?rﬂc?ﬂdfc%ﬁﬁq’t’%é@’ ’89?‘%&9‘%% are
found mainly in the lighter fraction. In one commercial operation, the
selectivity for hydrodesul furization relative to olefin saturation is
shifted by suitable catal yst selection, for exanple, by the use of a
magnesi um oxi de support instead of the nore conventional alum na. 20 In any
case, regardl ess of the nmechanism by which it happens, the decrease in
octane which takes place as a consequence of sulfur renoval by

o, o o N o N




- The 'process of the present invention uses an internmgdi ate pore size zeolite
.catalyst which can be selected froma group of several catal };éfoé f\i cl udi ng
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MCM 22 and M41S. In a preferred enbodi nent of the present invention, "the
internedi ate pore size zeolite is 20 inpregnated with cobalt and
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several factors, such as, the conposition 6f the feedstock, the process
operating conditions and the desired characteristics of the pr oduct
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30 D 86) of at least 325°F (162.78°C) and preferably at least 350°F (176.67°C), for example, 95
percent points (Tos) of at least 380°F (193.33°C) or at least 400°F (204.44°C). The process
can be applied to thermally cracked naphthas such as pyrolysis gasoline, coker naphtha and

visbreaker naphtha as well as catalytically cracked naphthas such as thermofor catalytic
cracking (TCC) or fluid catalytic cracking (FCC) naphtha since both types are usually

35 characterized by the presence of olefinic unsaturation and the presence of suifur. From the
point of view of volume, however, the main application of the process is likely to be with
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limited or a high degree of sulfur removal is required, to separate the higher boiling fractions
and process them through the steps of the present process without processing the lower
boiling cut. The cut point between the treated and untreated fractions can vary according to
the sulfur compounds present. A cut point in the range of from 100° to 300°F (37.78° to
148.89°C) is preferred, and a cut point in the range of 200° to 300°F (93.33° to 148.89°C) is
the most preferred. The exact cut point selected will depend on the sulfur specification for the
gasoline product as well as on the type of sulfur compounds present; lower cut points will
typically be necessary for lower product sulfur specifications. Sulfur which is present in
components boiling below 180°F (82.22°C) is mostly in the form of mercaptans, which can be
removed by extractive type processes. However, hydrotreating is appropriate for the removal
of thiophene and other cyclic sulfur compounds present in higher boiling components, that is,
component fractions boiling above 180°F (82.22°C). Treatment of the lower boiling fraction
in an extractive type process coupled with hydrotreating of the higher boiling component can
represent a preferred economic process option. Such a variant of the process is described in
U.S. Serial No. 08/042,189 filed 30 March 1993 now U.S. Patent No. 5,360,532 and U.S.
Serial No. 07/001,681 filed 7 January 1993 now U.S. Patent No. 5,318,690. Higher cut
points will be preferred in order to minimize the amount of feed which is passed to the
hydrotreater and the final selection of cut point togeth}y with other process options such as
the extractive type desulfurization will, therefore, be made in accordance with the product
specifications, feed constraints and other factors.

The sulfur content of these catalytically cracked fractions will depend on the sulfur
content of the feed to the cracker as well as on the boiling range of the selected fraction used
as the feed in the process. Lighter fractions, for example, will tend to have iower sulfur
contents than the higher boiling fractions. As a practical matter, the sulfur content will exceed
50 ppmw and, in most cases, the sulfur content will be in excess of 500 ppmw. For the
fractions which have 95 percent points over 380°F (193.33°C), the sulfur content can exceed
1,000 ppmw and can be as high as 4,000 to 5,000 ppmw, or higher. The nitrogen content is
not as characteristic of the feed as the sulfur content and is preferably not greater than 20
ppmw, although higher nitrogen levels typically up to 70 ppmw can be found in certain higher
boiling feeds with 95 percent points in excess of 380°F (193.33°C). The nitrogen level will,
however, usually not be greater than 250 or 300 ppmw. As a result of the cracking which
precedes the steps of the present process, the feed to the hydrodesulfurization step will be
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by the type of hydrotreating process which is being carried out, although in most cases, a
down-flow, fixed bed process is preferred. "

The hydrogenation reaction and the cracking reaction performed by the dual functional
25  catalyst are complimentary because the hydrogenation reactions are exothermic, and result in a
rise in temperature, while the cracking reaction is an endothermic reaction. Therefore, the

hydrotreating conditions are adjusted not only to obtain the desired degree of desulfurization
but also to produce the optimum temperature for promotion of the desired shape-selective
cracking reactions.

30 The preferred catalysts for this invention contain zeolite-type crystals and, most
preferably, intermediate pore size zeolites. For purposes of this invention, the term “zeolite” is
meant to represent the class of porotectosilicates, i.e., porous crystalline silicates, that contain
silicon and oxygen atoms as the major components. Other components can be present in
minor amounts, usually less than 14 mole.%, and preferably less than 4 mole.%. These

35 components include alumina, gallium, iron, boron and the like, with aluminum being preferred,
and used herein for illustrative purposes. The minor components can be present separately or
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ol efins in phrflinsghto highee sctaneiproduets,dioth by therselectiveserackingafiedvy paraffinesvi er

olefins.s" jightef paraffind 8h&By &30 ng low octane n-paraffins, in both cases with the generation of
olefins. Ring-opening reactions can also take place, leading to the production of further
quantities of high octane gasoline boiling range components. The dual functiona! catalyst also
improves product octane by dehydrocyclization/aromatization of paraffins to alkylbenzenes.

The extent of the desulfurization will depend on the feed sulfur content and, of course,

10  on the product sulfur specification with the reaction parameters selected accordingly. It is not
necessary to go to very low nitrogen levels but low nitrogen levels can improve the activity of
the cracking catalyst. Normally, the denitrogenation which accompanies the desulfurization
will result in an acceptable organic nitrogen content. However, if it is necessary to increase
the denitrogenation in order to obtain a desired level of activity in the cracking step, the

15  operating conditions for the hydrogenation reaction can be adjusted accordingly.

The operating conditions are selected to produce a controlled degree of cracking.
Typically, the temperature of the reactor will be 300° to 800°F (148.89° to 426.67°C),
preferably 400° to 750°F (204.44° to 398.89°C). The reactor pressure will typically operate
at from 100 to 600 psig (790.86 to 4238.35 kPaa), preferably 200 to 400 psig (1581.71 to

20  3163.44 kPaa) with comparable space velocities, typically from 0.1 to 10 LHSV (hr™"), and
preferably from 0.5 to 5 LHSV (hr"). The present catalyst combination of molybdenum on
ZSM-5 has been found to be effective at low pressui'es below 200 psig (1480.36 kPaa) and
even below 150 psig (1034.25 kPaa). Hydrogen to hydrocarbon ratios typically of 100 to
5,000 scf/bbl (17.8 to 890 n.11.™"), preferably 500 to 2:500 scf/bbl (89 to 445 n.1.1.”") are

25  selected to minimize catalyst aging.

Consistent with the objective of restoring lost octane while retaining overall product
volume, the conversion to products boiling below the gasoline boiling range (Cs-) during the
cracking is held to a minimum and distillation of the gasoline feed stream is maintained below
50%. However, because the cracking of the heavier portions of the feed can lead to the

30 production of products still within the gasoline range, the conversion to Cs- products is at a
low level, in fact, a net increase in the volume of Cs+ material can occur during this stage of
the process.

The acidic component of the dual functional catalyst is an intermediate pore size
zeolite. Zeolites of this type are characterized by a crystalline structure having rings of

35 ten-membered rings of oxygen atoms through which molecules obtain access to the
intracrystalline pore volume. These zeolites have a Constraint Index from 2 to 12, as defined
in U.S. Patent No. 4,016,218, to which reference is made for a description of the method of
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determine the alpha values referred to in this specification include a constant temperature of
538°C and a variable flow rate as described in detail in J. Catalysis, 61,395 (1980).

The zeolite component of the dual functional catalyst will usually be composited with a

binder or substrate because the particle sizes of the pure zeolite are too small and lead to an

35  excessive pressure drop in a catalyst bed. This binder or substrate, which is preferably used in
this service, is suitably any refractory binder material. Examples of these materials are well
known and typically include silica, silica-alumina, silica-zirconia, silica-titania, alumina.
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10% & () - " afhohbaetufaiilllilin 1l 6xidd 0p4he splfidgiany (odas. r¢adilp be todvefted from the oxide
S5!10% & () forme3 %M%e@y‘ctﬁ@%ﬁﬂ(ﬁré:s&m@%ﬁ%s. A%lybdenum content of 1 to
10 wt.%, conventionally 5 to 10 wt.%, (as metal) is suitable although higher metal loadings
typically up to 15 wt.% can be used. A cobalt content of 0.5 to 5 wt.% (as metal),
conventionally 3 to 4 wt.%, is suitable.
The molybdenum component can be incorporated into the dual functional catalyst by
10  conventional procedures such as impregnation into an extrudate or by mulling with the zeolite
and the binder. When the molybdenum is added in the form of an anionic complex such as
molybdate, impregnation or addition to the muller will be appropriate methods.
The particle size and the nature of the catalyst will usually be determined by the type of
conversion process which is being carried out with operation in a down-flow, fixed bed
15  process being typical and preferred.
The conditions of operation and the catalysts should be selected based on the
characteristics of the feed so that the gasoline product octane is not substantially lower than
the octane of the feed gasoline boiling range material; that is, not lower by more than 1 to 10
octane numbers and usually, not more than 1 to 3 octane numbers, depending on the nature of
20 the feed. It is preferred also that the volume of the product should not be substantially less
than that of the feed although yields as low as 80% can be achieved with certain feeds under
particular conditions. In some cases, the volumetric yield and/or octane of the gasoline boiling
range product can be higher than those of the feed, as‘t}oted above and in favorable cases, the
octane barrels (that is the octane number of the produc;t~ times the volume of product) of the
25  product will be higher than the octane barrels of the feed.
EXAMPLES
A full range feedstock was processed using the dual function catalyst system of the
present invention at two different pressures (550 and 350 psig) (3893.6 kPaa to 2514.60
kPaa). The feedstock properties are as follows:
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10+b+b 10+b+b Motor Octane M+0
10+b+b! 1D+94.0%b+b& () - ZMNNO¥PQRRseteehQctane RHDPAVE () - ! # SRpp& ()-!, 094.0%
V' y & ()-1(C vd0%u& ()-!, Yd0%yRoad OcthrdvE () - 84.4
Bromine Number 40.61
Sulfur, ppm 2802
Nitrogen, ppm 62
10
Distillation (D86), °C
IBP 54
S0 140
EP 220

15
EXAMPLE 1

In this example, the full range feedstock shown in Table 1 was desulfurized under high
pressure conditions. Initially, the feedstock was contacted with a commercial cobalt
molybdenum catalyst to saturate diolefin at a low temperature. The diolefin-removed

20 feedstock was desulfurized at a space velocity of 2.0 LHSV (liquid hourly space velocity);
with 2,500 scf/bbl (445 n.L.L.™") hydrogen circulation and 550 psig (3893.6 kPaa) total pressure

‘- over a CoMo ZSM-5 at various temperatures. The results are summarized in Table 2.
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M+O 71.1 71.8 72 79.3 80.6 81.9
APl 50.5 56.3 55.7 55.3 55.1 53.1
Sulfur, ppm 49 250 101 123 52 154
Nitrogen, ppm 8 15 <5 <5 <5 <5
Ci+C, Nil 0.01 0.04 0.29 0.63 1.48
Cs 0.02 0.04 0.36 4.61 5.51 10.59
Cs” Nil Nil 0.01 0.02 0.02 0.06
IC, 0.02 0.25 0.32 3.47 3.66 6.16
NC, 0.11 1.24 1.02 2.84 3.22 5.37
Ce Nil Nil Nil 0.01 0.01 0.08
Cs 100.01 |99.57 99.36 89.67 87.86 77.67
) H; consumption, 407 719 713 625 634 869
Scf/bbl (72.45 | (127.98 | (126.91 |[(111.25 |(112.85 [(154.68
nll) |ntl?) |nil"y |nll?) {nll?) |all?)

~

5 EXAMPLE2 "~
In this example, the full range feedstock shown in Table 1 was desulfurized at low
pressure conditions using the present invention. The diolefin-removed feedstock was
desulfurized at 3.0 LHSV, 2,500 scf/bbl (445 n.1.1."") hydrogen circulation, 300 psig (2169.85
kPaa) and cascaded over CoMo ZSM-5 at 3.0 LHSV at various temperatures. The results are

10 summarized in Table 3.
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LOW PRESSURE DIOLEFIN SATURATION

ZSM-5 temperature 550°F | 600°F | 650°F | 700°F [725°F |750°F
(288°C) | (316°C) | (343°C) | (371°C) | (385°C) | (410°C)
Octanes R+0 89.6 86.8 86 87.8 87.5 88
M+0 79 78 77.5 80 79.4 79.6
API 50.5 49.9 48.1 47.1 48.6 49.1
Sulfur, ppm 593 192 169 99 131 101
Nitrogen, ppm 44 42 38 30 14 10
C+C, 0.0t 0.02 0.05 0.06 0.15 0.23
Cs 0.14 0.17 0.73 2.01 3.0 3.8
Cs 0.03 0.11 0.38 0.3 0.26 0.24
IC4 0.13 0.08 0.60 1.71 231 2.71
nC, 0.20 0.13 0.48 1.23 1.84 2.29
- Cs 0.23 0.40 1.05 0.79 0.56 0.52
Cs 99.45 99.30 96.79 93.82 92.02 90.24
H, consumption, scf/bbl 201 222 168 125 199 145
(36.78 | (39.51 |[(29.37 |(22.25 | (3542 |(25.81
nll™) [nll™?) [(nll™) [nll?) {nll?) |[nll™)

The low-pressure data shows that motor octane (M+O) did not drop off with higher
temperature, while research octane (R+0) dropped only mildly compared to the high-pressure
data. The synergism between the metals and the ZSM-5 allowed this to work. The advantage
is higher gasoline yields and lower hydrogen consumption at equivalent desulfurization. The

10  low pressure operation can tolerate a higher residual nitrogen content to enhance product
octane. In comparison, the octane enhancement for the high pressure operation is
accompanied by a very high degree of denitrogenation. This is because the ZSM-5 is
preferentially cracking olefins prior to saturation. A better illustration is shown below in

Example 3 for a lighter feed.
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EXAMPLE 3
In this example, the FCC gasoline feedstock shown in Table 4 was desulfurized using

the low pressure process of the present invention. Initially, the feedstock was contacted with a
commercial cobalt molybdenum catalyst for diolefin saturation at low temperature. The
diolefin-removed feedstock was desulfurized at 3.0 LHSV, and 2,500 scf/bbl (445 n.1.1."")
hydrogen circulation; with 300 psig (2372.58 kPaa) total pressure over CoMo ZSM-5 at
various temperatures. The catalyst used was a standard hydrogen ZSM-5, commonly used for
catalytic dewaxing or cracking, impregnated with 3.0 wt.% cobalt and 8.8 wt.% molybdenum.
The results of the test are shown below in Table 5.

The bromine numbers of the desulfurized gasoline products were measured to
determine the change in composition. The bromine number is 2 method of calculating the
contents of an olefin. The number of grams of bromine absorbed by 100 grams of gasoline
indicates the percentage of double bonds present. Thus, when the type and molecular weight

is known, the contents of the olefin can be calculated.

TABLE 4
C5/C6 FCC Gasoline
API Gravity 74.5
Motor Octane 79.8
Research Octane . 94.7
Road Octane 873
Bromine Number A 81.4
Sulfur, ppm " 487
Nitrogen, ppm 15
Distillation (D86), °C
IBP 29
50 57

EP 101
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LOW PRESSURE SATURATION WITH A LIGHT FEEDSTOCK

ZSM-5 temperature 400°F S00°F | 600°F | 700°F | 725°F | 770°F
(204°) (260°C) | (316°C) | (371°C) | (385°C) | (410°C)
Octanes R+0O 93.5 93.4 89.2 83.2 86.2 88.8
M+0O 79.1 79.4 78.8 78,3 80.8 81.8
API 73.8 73.4 73.7 71.1 68.8 65.8
Sulfur, ppm 360 239 62 34 36 25
Nitrogen, ppm 9 <5 <5 <5 <5 <5
C+C, 0.00 0.00 0.01 1.16 2.47 3.32
GC; 0.00 0.02 0.14 5.79 9.87 12.40
Cs 0.00 0.00 0.09 0.66 0.60 0.54
IC, 0.19 0.13 0.26 6.80 7.36 835
nC, 0.32 0.25 0.78 6.22 5.85 6.91
Cs 1.61 1.19 1.27 1.92 0.9 0.77
Cs 97.84 9835 |97.68 |77.68 |73.71 68.45
H, consumption, scf/bbl | -20 -28 116~ 416 354 344
(-3.56 (-4.984 | (20.65 |[(74.05 |(63.01 |[(61.23
nll™?) nll") |[nll") [nll?) [nll?) |[nll?)
Bromine number 80.7 92.7 72.7 194 93 6.0

At less than 700°F (371°C), the bromine numbers indicate that considerable olefins
have not been saturated while the olefins in the light gases indicate olefins have been cracked
from heavier olefins.
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A process according to Claim 3, wherein the impregnated catalyst comprlses from 0.5

to 10% by weight cobalt and from 1 to 20% by weight molybdenum.
5. A process according to Claim 3, wherein the space velocity is from 0.5 to 5 LHSV.

6. A process according to Claim 3, further comprising a hydrogen to hydrocarbon ratio of

100 to 5,000 standard cubic feet of hydrogen per barrel (17.8 to 890 n.1.1."") of hydrocarbon.

7. A process according to Claim 5, further comprising a hydrogen to hydrocarbon ratio of

500 to 2,500 standard cubic feet of hydrogen per barrel (89 to 445 n.1.1."") of hydrocarbon.
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