HNDROCARBON UPGRADI NG PROCESS This invention is directed to a

process for upgr adi ng of hydrocarbon streans and, nore
‘particularly, to a process for upgradi ng gasoline 5 boiling range
petrol eum fracti ons containing substantial proportions of sulfur

I mpurities. It is well known in the petroleumrefining field

to catalytically crack heavy petroleun1fract|ons such as vacuum gas
oil in order to convert a substantial -

;1-
HYDROCARBON UPGRADING PROCESS
This invention is directed to.a process for

upgrading of hydrocarbon streams and, more
particularly, to a processff@:inpgtadinq gascline

> boiling range petroleum fractions containing
substantial proportions of sulfur impurities,

It is well known in the petroleum refining field
to catalytically crack heavy petroleum fractions, such
as vacuum gas oil in order to c¢onvert a substantial

10

proportion thereof to a wide range of patroleum

fractions. It is conventional to recover the product

of catalytic cracking and to distill, and thereby

resolve, this product into various fractions such as

light gases: naphtha, including light and heavy

13  gasoline; distillate fractions, such as heating oil and
Diesel fuel; lube o0il base fractions; and heavier
fractions.

Where the petroleum fraction being catalytically

cracked contains sulfur, the products of catalytic

20 cracking will also likely contain sulfur impurities.
In particular, the heavy gasoline fraction is one
portion of the product in which sulfur. impurities tend
to concentrate. It is therefore well known to subject
this fraction to desulfurization processes. One

25  conventional, commercially-practiced desulfurization
process is hydrcotreating, in which the heavy gasoline
is contacted with a suitable hydrotreating catalyst at.
elevated temperature and somewhat elevated pressure in
the presence of a hydrogen atﬁ§§ghere. Typically, the

30 hydrotreating catalyst is a coﬁbinaticn of a Group VIII
and a Group VI element, such as ‘cobalt and molybdenum,
on ‘a suitable substrate, suchnas, .for example, alumina.

It is also well known tha! naphthas, often light

or full range naphthas, can he,catalytxcally reformed,

35 generally over a platinum type catalyst, sc as to

increase their octane number bylponvertlng at least a
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10 proportion thereof to a wide range of petrol eum fractions. It is

- conventional to recover the product of catalytic cracking and to -
distill, and thereby -~ resolve, this product into various fractions such
as light gases; naphtha, including light and heavy 15 gasoline;
distillate fractions, such as heating oil and = = Diesel fuel; Iube oi
base fractions; and heavier . fractions. -~ - - \Were the petrol eum
fraction being catalyt:cally cracked-qantalns sul fur, the products of
catalytic 20 cracking wll also likely contain suffur |npurities. In
particul ar, the heavy gasoline fraction is one . portion of the product
in which sulfur inpurities tend to concentrate It is therefore well

known to subject n ges | f i i on pracesses. One 25
conventi onal , mwgm:t“H %he%%g{ |t%e3L§msullctL§ur i Jég?a% pus Bo qﬁ) % ocess is
hydr ot r eat i ng, | n mwtqcn LneraAprgad grste 2180 be gasyAfuriasd with a

- suitabl e hydrot reabem.\s:&ittaleyﬁéfdﬁnmg catalyst is genarally not sulfur

tolerant. Thus, naphthas are:

sually: pretreated to
reduce their sulfur content b ore refofmlng However,
u.s. Patent 5,041,208 to Par _ ;;ai discloses the
dlrect reforming and desulfur: .'aniaf ‘olefinic
gasollnes derived from cataly .c'” acking processes to
provxde -a product of higherx octane ratuig, using a
large. pore zeolite catalyst, a, g ,'zeollte Beta, which
comprises noble metal. ';_. 2
Aromatics are generally the source of very high

octane numbers, particularly very hxgh research octane
numbers. Therefore, while, on the one hand, they are
15 quite desirable components of the gasollne pool, on the

cther hand, aromatics, and part;cularly benzene, have

been the subject of severe limitations as a gasoline
' component because of their adverse effect upon the

envxronment.

To the extent that it is possxble, it has bhecons
desirable. to create a gasoline peol in which the higher
octanes are provided by olefinic and branched chain .
paraff;nlc components, rather than aromatic components.
Lightfond full range naphthas can contribute
substantial volume to the gaéoiiﬁé pool, but, without
reformlng, they do not have substantlal octane to
contrlhute. :

Cracked naphtha, as it come “from the catalytic
cracker -and without any further reatments, such as
purlfylng ‘operations, has a relaixvely high octane
nunber as a result of the presence of clefinic
components, It also has an excellent volumetric yield.
As such, cracked gasoline is an excellent contributor
to the gasoline pool. It contrzbutes a large quantity

33 of product at a high blending Gctane number. In some
cases, this fraction may contribute as much as up to

s
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el evated tenperature and sonewhat el evated pressure in t he presence of
a hydrogen atnosphere. Typically, the 30 hydrotreating catalyst is a

conbi nation of a Group VIII and a G oup VI elenent, such as cobalt and
nol ybdenum on a.suitable substrate, such as, for exanple, alumn na.
It is also well known that naphthas, often |ight or full range

napht has, can be catalytically reformed, 35 ‘generally over a pl ati num type
catalyst, so as to .increase their oct ane- nunber - by converting at |east
a F- 6456 ' - 2-

the gasoline in the refinery pool. Therefore, it

y desirable component of ‘the gasoline pool.

Other highly unsaturated fractxons boiling in the
gasollne boiling range, whxch are produced in some

5 reflnerles or petrochemlcal plants, include pyrolysis
gaegllne. This is a fractan.whlch is often produced
as_eyby-product in the crac&iné of petroleum fractions
to produce light unsaturates, such as ethylene and
propylene. Pyrolysis gasolihe has a very high octane

10 number but is quite unstable because, in addition to
the deszrable olefins boiling in the gasoline boiling
ranqe, it contains a substantxal proportion of unstable
diolefins.

_ﬁﬂydrotreating of any of the sulfur containing

15 fractidns which boil in the gasoline boiling range
causes a reductian in the olefin content thereof and
therefore a reduction in the octane number. Moreaver,

" as :he degree of desulfurization increases, the octane
number  of the normally liquid gasoline boiling range

20 product decreases. Some of the hydrogen may also cause
hydrqéxacking as well as olefin saturation, depending
on tﬁefcanditions of the hydrotreating operation.

Ih any case, regardless'of the mechanism by which
it happens, the decrease in octane which takes place as

5. a consequence of sulfur removei"by hydrotreating
creates a tension between the ing need to produce
gasoline fuels with higher oc number, and because
of current ecological considerations,. the need to
produce cleaner burning, less polluting fuels,

30 especially low sulfur fuels. This.tension is
particularly pronocunced in thes
of hydrccarbons, particularly ¥
relat1ve1y short. _

‘have now devised a process

lays when the supply
hydrocarbons, is

‘or the treatment of
35 sultur ccntalnlng gasoline boiling range fractxons by

which th‘ g1l Frive manknws S man® e .. -
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pOFtiOh thereof to aromatics. Fractions to be

reduce their sulfur content before reformng.
5,041,208 to Partridge et al. discloses the

| arge pore z

catalytically reforned
, ust al so be desul furized because the reform ng catalyst is generally

not sul fur tol erant. Thus, naphthas are usually pretreated to 5

However,

U S. Patent

direct reform ng "and
desul furization of olefinic gasol i nes derived fromcatalytic cracking

processes toégﬁmmw dgda;ygyct of hi gher .G&F ane rating, usi ng a 10

atatysts zeolite Beta, which

conprises noble

nmet al . Aromatics are generally the source of very high oct ane

on the one hand, % aj e ane
gasol i ne pool . on the tHer

nunbers, particularly ver%el;wblg qé@ﬁg%ﬁg&@;&m u@w@gauctmﬁrgfore

have been the subj ec’ta"B’Fab§%\FéF‘és'l F‘Fﬁ 8 ‘f"i?ﬁ§"°a¥ e&dgaa‘!‘,‘d

éra v?}ume

rneq§ t he-
éhfar1 benzene,

research octane number (RON) af gasoline bozlxng range
5 product is actually lncraased.

Accordingly, the 1nvgn;ion resides in a process
for upgrading a sulfur cdhééining feed fraction boiling
in the gasoline boiling ranqe which comprises

S’dﬂ—o&fb

, ZSM-Qa, Tl -2, ZIM <BC 4 Z504So | MEM-
catalyét, whilh comgrxses_ai a zegiﬁte S0, AMEAM 13 el toriviltand €

Canstraint Index.ofl-ta-12, b) a Group VI metal, c) a

A contactﬁgg said feed fraction with a hydrotreating

Group VIII metal, and d) a refractory support, under
hydrotreating conditions such as to produce a product
comprising a normally liquid fraction which beoils in
15 substantially the same boiling range as the feed
fraction, but which has a lower sulfur content than,
and & research octane number (RON} substaatially no
" less thanikggguie d ractxon.
The present invention is particularly useful in
20 that it carries out hydrodgsulfurizatzon without
significantly reducing (even increasing, in some cases)
' the research.octane humber (RON) of the desulfurized
product in a single stage, over a single catalyst.
There is no need to remove. substantxally all sulfur and

25

nitrogen from the reactlon system before effecting

octane~restoration (eor octane increase) treatment.

The feed to the process of the invention is a
sulfur-~containing fraction which boils in the gasoline
boiling range. Suitable fgeds include a light naphtha

30

having a boiling range of Cg to 166°C (330°F), a full

range naphtha having a bqilihg range of Cg to 216°C

{4204F), a heavier naphth
range of 127 to 211°C (26
gasoline fraction boiling
35 range of 166 to 260°C (33
211°C {330 to 412°F). The

F to 412°F),

raction boiling in the

or a heavy

t, or at least within, the
o’ 500°F), preferably 166 to
3t preferred feed appears
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conponent because of their adverse effect upon the envi ronment. 20

., 1o the extent that it is possible, it has becone desirable to create a
gasollne pool in which t he hi gher oct anes are provided by olefinic and
branched chain par af:f;i ni ¢ conponents, rather than aromatic conponents.

Li ght and full range nap as can contribute 25 substantial volune to the
gasol i ne pool,

Hﬁﬁﬁ out - ref orm ng, gpey do not have substantia
octane to Bk, utg?bibkﬁﬂ“ Cr acked naphtha, as it comes from'the
catal ytic cracker an

W thout” any further treatnents, such as 30
purifying operations, ha relatively high octane nunber as a result
of the presence of ol ef juigis fine Gmpoanﬂ@;@ adcdhifd SR1dPRaARENEEA | ent
vol unetric vyield. ?

2om e earGi AG) e&agm b8 géiﬁnh,%fee,.l b &I,
contri butor . to theéﬁgs i ne pqg o

r| dantity 35
‘of product at a high bI®Hdi¥g®cttane n n% llg y%]}ie““ge ga °19’

boxl:.ng range fract on.
3 ' he catalyst employed in. the process of the
1nﬁgntion comprises: a) a zeol;te having a Constraint
Index ©Ff 1 to 12, b) a Group VI metal, usually
molybdenum or tungsten, c) a Group VIII metal usually
ni 'I or cobalt and d) a binder or substrate.

10 e zeolitic component of the catalyst is -suitablw.-
e MCM~22 being—

15

described in U.S. 3,709,979.

described in U.5. 4,556,477,

described in U.S. 4,076,842,

described in U.5. 4,016, 245.
20

described in U.S. 4,397,827.
described in U.S. 4,640,829.
\ described in U.S. 5,013,422.
ihe binder or substrate is suitably any refractory
binder material. Examples of these materials are well
25  known in the petroleum arts and include silica,
' sxlica—alumina, gilica-zirconia, silica-titania,
' al' ina, titanium dioxide, zirconium dioxide, and
., Alumina is particularly preferred.
The catalyst employed in the present process
oculd be selected to have sufflcient acid activity teo
effe tfthe partial cracklnq'and‘rearrangenent of the
qud §§cessary to restore lost: octane. However, it is
undesirable for the catalyst to have too high an acid
acfivify because this could severely reduce the volume
3s of ‘th 3: gasoline bailing range: product. Cne measure of
the'acid activity of a catalyst is its Alpha Value
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cases, this fraction may contribute as nmuch as up to

- 3-
a desirable

unsat urated fractions ‘boi
produced in sone 5

gasol i ne.

. F- 6456
hal f the gasoline in the refinery pool. Therefore, it S
conponent “of thhe gasoline pool . Q her highly
oi’'bing in the gasol i ne boiling range, which are
eries or petrochen1cal pl ants, include pyrolysis
This is a.f 1 on which is often produced
_ . -
in approximate indiéation of the catalytic
tivity of the cétélyét_compared to a
talyst and it gives the relative rate
Zate of normal he*@ﬁé conversion per volume
5
in the Journal gg g alysis, Vol. 4, p. 527
0 6, p. 278 (1966), and Vol. 61, p. 395
_ experimental conditions of the test used
”“?g;de a constant temperature of 538°C and a
ow rate as described in detail in the
; is, Vol. 61, p. 395 (1980).
15 > the catalyst of this invention has an alpha
actxvity_o at least 20, preferably 50 to 200.
The part;cle size and the nature of the catalyst
T will usuall”ibe determined by the type of conversion
proceﬁs wh-éh is being carried: out, such as: a
20 down—flgw quid phase, fixed bed process; an up-flow,
fixed.péd quid phase procesg}ﬁan ebulating, fixed
éluidi;ﬁdn d liquid or gas phase process; or a liquid
or gasﬁﬁhasé transport, fluidized bed process. As
25
30

a spacé vel_?lty of 0.5 to 10 L SV. preferably 1tos6
LHSV: and a drogen to hydrocarbon ratio in the feed
of 18 to 3600 Nn’/m> (100 to 20,000 SCF/B), preferably
90 to 900 Nm3/m3 (500 to §,000 scr/s).

NI
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as_ a by-product in the cracking of petroleumfractions to produce

| i ght unsaturates, such as ethylene and propyl ene. Pyrolysis gasoline
has a very high octane 10. .. nunber but is quite unstable because, in
addition to the desirable olefins boiling in the gasoline boiling
range, it contains a substantial proportion of unstable di ol ef i ns.
Hydrotreating of any of the sul fur containing 15 fractions which boil in
t he gasoline boiling range . - causes a reduction in the olefin content

t hereof, and therefore a reduction in tHW& octane number. Moreover,

as the degree of desulfuri.zation increases, the octane nunber of the
normal ly |iquid gasoline bailing range 20 product decreases. Sone of the
hydrogen may al so cause -:  hydrocracking as well as olef in saturation,
dependi ng on the coridi tsokspaftaniethytirider eahd it onRCH At d¥Tation

|0 any case, regardi g e LURaIPAIADNIEN Dirdthlan ror hL.ehyf Rafs, the
decrease in octane W?J\&&éladlﬁego&ﬁlceet%spgéduceaacogsdeqlil:em]:.e :
renoval by hydrotrea product slate in whzch
the gasoLLne product octane is not substantially lower
5 than the octane of the feed gasoline boiling range
materlal,_that is not lower by more than about 1 to 3
octane numbers. It is preferred that the catalysts and
the operatlng conditions which are chosen for use in
this xnventlon are such that the volumetric yield of
the product 1s not substantially diminished as compared
to the. Eeed In some cases, the volumetric yield
and/or octane of the gasoline boiling range product may
well he hzgher than those of the feed. 1In many cases,
the octane ‘barrels (that is the research octane number
15 {RON) of the product times the volume of product) of .
the product will be higher than the octane barrels of
the feed.
) It has been found that the research octane number
(RON) of the product can be enhanced by coperating at
20 xncreased- emperatures, that. is greater than 340°C
(650° F)y: preferably greater than 400°C (750°F).

The process of this invention is preferably
operated under a combination of conditions such that
the desulfurxzatxon is least about 50 %, preferably at

23 least about 75 %, as compared to the sulfur content of
the feed.:¢

The‘finq;e stage conversien of the present

10

30 : §¢s~ The predom;nant fractions are: dry
‘ At is C, and €, gases, and both heavy and

35  be convert jﬁb elemental sulfhr:via the Claus process.
;ggvered for fertilizer applications.
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creates a tension between the grow ng need to produce gasoline fuels

wi t h hi gher octane nunber, and because of current ecol ogical

consi derations, the need:to produce cl eaner burning, |ess polluting
fuels, 30 especially Fow sulfur fuels. This tension is particularly
pronounced in these days. when the supply ~ of hydrocarbons, particularly

sweet hydrocarbons, is
a process for the treat:
range fractions by .
F- 6456

relatively short. We have now devi sed
t. of- 35 sul fur_containing gasoline boiling
ch the sul fur coht ent thereof is reduced to

T e,'nventlon will now be more particularly
'descrlbed tah reference to the following Example and
.the . accompanyxng drawings, in which
Flgure 1 is a plot of qasollne sulfur content as a
'functlon ;f operating temperature for a process
accordxng o the Example of the present invention and
for a process using a conventxonal commercially
aVallable"COMo/Al , catalyst, ‘and
FlgureTZ is a plot of Clear Research Octane as a
10 functlon of fperating temperatura for the process of
said Exampl_fof the present anention and for a process
usxng-a?conventlonal CoMo/Al, o catalyst.

In th siExample, a COMo/MCM—zz/Al catalyst
15  according to' the present invention and a conventxonal
‘available CoMo/AL,0, hydrofinishing
catalyst -were used to hydrotreat a highly aromatic
" heavy cracked naphtha feed. The propertles of the two

catalysts'are 1isted in Table 1 belew:

commercia

20 TABLE )
Catalyst Properxties
CoMo/MCM~22/A1,0, (1) coMoyai,o,
2.00 3.4
25 9.8 . 10.2
0;919 : -
338 260
0.55
30

- This Sheet Has Been Rep

LU i




-4- acceptabl e I evel s without substantially reduction in

research octane nunber (RON) and volunetric yield. In favorabl e cases,
the volunetric yield and/or the research octane nunber (RON) of
gasoline boiling range 5 product is actually increased.

Accordingly, the invention resides in a process for upgrading a sul fur
containing feed fraction boiling . in the gasoline boiling range which
conprises - - contacting said feed fractitrwith a hydrotreating 10

catal yst, which conprises a) a zeolite having a Constraint Index of 1
to 12, b) a Goup VI netal, c) a Goup VIIl metal, and d) a refractory
support, under hydrotreating conditions .such as to produce a product

conprising a nornmally liquid fraction mhlgﬁggyl ils in 15 substantially the
sanme boiling range as ‘the feed Heavv FCC Naohi )
_._xx;_g___aa_sng

Grav1ty,_'API L E 21.5
Hydrogen, wt% R 10.23
5 Sulfur, wt¥ - | 2.0
Nitrogen, ppmw ;”3  . 190
Clear Research Octane, R+0 A 95.6
Compositio
Paraffins 12.9
10 Cyclo Paraffins 8.1
Olefins and Diolefins 5.8
Aromatics _ 73.2
Distillation, °F (° L
| st . | L 289 (143)
15 108 , S 155(179)
30% K 405(207)
50% : - . 435(224)
70% o 455(235)
20% . B 482(250)
20 95% e 488 (253)

The ‘£inished CoMo/MCM~ 22/Al 4 Catalyst had a
lower metal loading than the COMo/Al 4 Catalyst. Both
catalysts, were presulfided and evaluated at the same
conditioﬁs, 1.0 LHSY and 4240 kPa (600 psig) H,, except

25 fgor the hydrogen circulatxon rate, 180 Nm>/m> (1000
sef/h) vs, 570 Nm /m {3200 scf/b). Generally, higher
hydrogen circulation rates and: igher metal loadings
provide better desulfurization: activxty. Reactor
temperature was changed to obtain different operating

30 geverities. The results are shown .in Figures 1 and 2.

As will be seen from Figure ;.thé-cono/ncu-zz/
Al,0, catélyst, having lower metal. loading and
evaluate_ at lower hydrogen c1: ”Lg icn?rate, was at

35 desulfuhxzétzon. More importantly és shown in Figure
2, at h:.qh_'temperatures, e.q., abave 343 *C (650°F),
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fraction, but which has a | ower sul fur conteént than, and a research

octane nunber (RON) substantially no | ess than, the feed fraction.

The present invention is particularly useful in 20 that it carries out
hydr odesul furization w thout significantly reducing (even increasing,
in sone cases) the research octane nunber (RON) of the desul furized
product in a single stage, over a single catalyst. There is no need to
renove substantially all sul fur and 25 mtProgen fromthe reaction system
before effecting. octane-restoration (or octane increase) treatnent.

The feed to the process of the invention is a sul fur-contai ni ng
fraction which boils in the gasoline boiling range. Suitable feeds

I( gglotlde ?Fl)l ght f n?flhié"aceﬂne Jﬁi\ﬂhﬁgdé‘smhaﬁdr@dﬁlﬂllﬁé tﬂ@ﬂﬁbh&f? %[{i@{ e]rr] C
err a fu a il n err] to

216[err] C (420785 fﬁ)eﬁg%eg’{%{é?@'ﬁ% \réth"ﬁg/?lacx BRI Sg""e the

range of 127 to 211 RACLPE. LeRArALIFE ??)@PP2Fe£7?¢3F)'th%.¢Rﬂ9vy

gasoline fraction hqmi-lznna;o atalybegaicdockdi £, Ldwreulfur gasoline

35 . with increased raesearch octane number ({RON), as _
'compare'd to the 95.6 Research Clear Octane Number of
the raw FCC heavy gasoline. At the same temperatures,
the octane loss for the conventional c«:uo/p.l
catalyst was more than 4 octane numbers (RON)

3
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35+ range of 166 to 260[err]C (330 to 500[err]F), preferably 166 to

. 211[err] C:(330 to 412[err]F). The nost preferred feed appears
F- 6456 - 5-

~heavy gasoline which has resulted fromthe cat m\’\ @F
still heavier feed, such as a gas oil; or: alleﬁ “ﬂ\

gasol i ne range ction. ~11-The t at ys‘t errpl oyed in the
process of thmi‘i’fﬁ}& ’8 2f % | |

CLATIMS:

1. A process for upgrading a sulfur containing feed
fraction boiling in the gasoline ‘boiling range
which comprises contactlng said feed fraction with

P hydrogg;atlng catalys§4 whxch .comprises a) a

5 Selectia ; zecﬁte xR e N R 'S 'Mm'u ‘T’ —
Group VI metal, <) a Group VIII metal, and d) a
refractory support under hydrotreating conditions
such as to produce a product comprxsing a normally
liquid fraction which bOlls in substantially the

i0

same boiling range as. the feed fractlon, but which
ha 1 sulfur content
s a lower su nten than, and a research

TPy, ¥
éctane number (RON)‘substant;ally no less thanl
the feed fraction,

2. ‘The process as claimed in claim 1 wherein said
feed fraction comprises a light naphtha fraction

having a boiling range within the range Cg to
166*C (330°F).

3. The process as claimed in claim 1 wherein said’
feed fraction comprises a full range naphiha
fraction having a boiling range within the range
of Cg to 216°C (420°F). "

4. The process as claimed in claim 1 wherein said

feed fraction comprises a heavy naphtha fraction
Having a boiling range within the range 166 to
260°C (330 to 500°F).

5. The process as claimedlin:claim 1 wherain said

feed fraction comprises .a heavy naphtha fraction

having a beoiling range withzn the range 166 to
211°C {330 to 412°F)
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i nvéntion conprises: a) a zeolite having a Constraint Index of 1 to

42, b) a Goup VI netal, usually nol ybdenum or tungsten, c) a G oup
VIl nmetal usually ni ckel or cobalt and d) a binder-orsubstrate—10
The zeolitic conponent of the catalyst is suitably ;

ZSM 5, ZSM 11, ZSM 22, ZSM 23, ZSM 35, ZSM 48, m‘mﬂzﬂ m?d
nordenite, with MCM 22 bei ng particul arly prefe €dc *ZSM 5

i s describedyg 3, Aand U S 15 Rer ssue 29,948. -

ZSM 11 is de@%ﬁ%‘&@ n—%g 979. T zsm 22 i's described in
U S. 4,556, 477. ZSM 23 IS descrr bed- n U S 4, 076 842
ZSM 35 is described i n URE—dheOfmesdbasiiaine : sedingdRaghibed in

UusS. 4, 397 827
bstrate is
fh’ge&'gs(eﬂrlfat erials

sui tably any refractory
are wel |

A 7.~ The process as claimed n'clam '6/ wherein said
zeolite is MCM-22. '

7§. The process as claimed:in any preceding claim
wherein said hydrotreatinq catalyst comprises
cobalt and molybdenum. :

g9 ~ The process as claimed__j‘j.n any preceding claim
wherein said hydrctreét;ng conditions comprise a
temperature of 230 to 4§¢°c {450 to 900°F), a
pressure of 450 to 10400 kPa (50 to 1500 psig), a
space velocity of 0.5 to 10 LHSV, and a hydrogen
to hydrocarbon ratio in the feed of 18 to 3600
Nm3/m® (100 to 20 ,000 SCP/B)

4 1. The process as claimed"'__.;j.;___r_x any preceding claim
' wherein said hydrotreati'ng conditions comprise a
temperature 290 to 430° C (550 to 800°F); a
pressure of 2200 to 7000 kPa (300 to 1000 psig); a
5 space velocity 1 to 6 LHSV. and a hydrogen to
hydrocarbon ratio in tl eed of 90 to 900 Nm /m3
(500 to 5,000 SCF/B)

——— e
———e, —
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25 - known in the petroleumarts and include silica, silica-alum na,

gilica-zirconia, silica-titania, al um na, titanium dioxide, zirconium
di oxi de, and clays. Alumna is particularly preferred. The
catal yst enployed in the present process 30 shoul d be selected to have
sufficient acid activity to effect the partial cracking and
rearrangenent of the f eed necessa%ylﬁp restore | ost octane. However,
it is undesi rable for the catalyst‘{ g ®-t-00 high an acid

coul d severely reduce the:volunme 35 of the gasoline

activity because thj
boi l i ng range produg. 'CdJDne neasyre of the acid activity of a catalyst
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“which is an approxi mate indication of the catalytic

ér acki ng activity of the catalyst conpared to a standard catal yst and

it gives the relative rate .. constant (rate of normal hexane conversion
I s based on the activity

per vol une of catal ysti per unit tinme). It
- catal yst taken as an Al pha

of a high-activity: 5|I|ca a] m na cracki ng
of 1 (Rate Constant:.= 0. 016+ - secferr]) The Al pha Test is described in

U. S. Patent 3, 354 078; ___""'t_'_he Journal of Catalysis, Vol. 4, p. 527 1)
(1965) ; Vol. 6, p. 278 (1966); and Vol. 61, p. 395 (1980). The
experimental conditions of the teSledrsng -Bereln include a constant
tenperature of 538[err]C a da Searché‘a{fde _
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,uarlable

def ef m_n
ou Qci

- : qLoTas.
flom1rate ‘as described in detail in the Journal of Catalysis
0). 15 Preferably, the catalyst--o -
Pty of at |east 20, pr ef eriah|
—afred-i e nature of the catal yst §?¢
d by the dpe of conversion ~1~ procef'
J&Efﬁﬁ 2.} domm flom/ liquid phase,: ﬂ

dlfferent
~arts, and
left tot

~or gas phase

bed process As

pr oceseni@m.ri%n%‘ion AL QPSR e e pet rof eumr—-
t he ch0|c§10f the particular nDde of operation is a nmatter
he YR9E&4HND P T 39ﬁ99ﬁ£99ﬂ(ﬁtreams and, Inﬂﬁéconditions enpl oyed

in the proceartdfculerly, _td R QHd s P aldgrddidigdasbiiaiger ature of 230
to 30 ,480&)% l]l%g( @Sa%qteo '_9(%0l[oelr erF)fra%rteJ]‘oenrsabéc}/ntZanontgg 430[err] C (550 to
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substantlal;p portions of sulfur impurities.

_ known in the petroleum refining field
to catalytica :& crack heavy'petroleum fractions, such
as vacuum gas_:il in order to convert a substantial
proportion thereof to a wide range of petroleum

fractions. I

'“s conventional to recover the product
cking and to distiil and thereby
resolve, thls product into various fractions such as
light. gases,:naphtha, 1nc1ud1ng light and heavy
gasoline; dlstlllate fractions, such as heating oil and
Diesel fuel; lube oil base fractions; and heavier
fractions. R

of catalytic

Where tnep;etroleum fraction being catalytically
cracked containg sulfur, the products of catalytic
cracking will

_so likely contain sulfur impurities.
fie heavy gasoline fraction is one '
yroduct in which sulfur, impurities tend
“ﬁt is therefore well known to subject
this fraction”tb desulfurization processes. One
conventional, 'commerc1ally practlced desulfurization
process is hyd3 reating, in which: the heavy gasoline
is contacted’ w1th a suitable hydrotreatlng catalyst at
elevated temperature and somewhat elevated pressure in
the presence :of a _hydrogen atmosphere Typically, the
hydrotreatlng talyst is a comblnatlon of a Group VIII
and a Group’ Vi element such as cobalt and molybdenum,
on a suitable substrate, such as, for example, alumina.
It is also ell known that naphthas, often light
naphthas, can be catalytlcally reformed,

platinum type catalyst so as to
1ncrease thelr octane number by convertlng at least a /

In particular
portion of the
to concentrate

t



800[err]F); a pressure of 450 to 10400 kPa (50 to 1500 : WL&L'EMEM SHEE:
preferably 2208-645B000 kPa (300 to 1000 psig); a spage jvel OCI ]
0.5 to 10 LHSV, preferably 1 to 6 LHSV; and a hydrogdgn jt ng@o 6pm
ratio in the feed 35 of 18 to 3600 NnferrRFnerr] (100 to :0,08% é@f
preferably 90 to 900 Nmerr]/nferr] (500 to 5,000 SCFAB)- .

F- 6456 -7- It is

i nportant that the conditions of operation

portion thereof to aromatics. Fractions to be
catalytically reformed must also be desulfurized
because the reforming catalyst ie'generally not sulfur
tolerant. Thus, naphthas are usually pretreated to
reduce their sulfur content before reforming. However,
U.S. Patent 5,041,208 to Partridge et al. discloses the
direct reformihg.and desulfurization of olefinic
gasolines derived from catalyticﬁcracking processes to
provide a product of higher octane rating, using a
large pore zeolite catalyst, e.g., zeolite Beta, which
comprises noble metal. a

10

Aromatics are generally the source of very high
octane numbers, particularly very high research octane
numbers. Therefcre, while, on the one hand, they are

15 quite desirabie components of the gasoline pool, on the
other hand,'afomatics, and particularly benzene, have
been the subject of severe limitations as a gasoline

" component because of their adverse effect upon the
environment. i

20 '~ To the extent that it is possible, it has become

desirable to create a gasoline pool in which the higher
octanes are provided by olefinic and branched chain
paraffinic components, rather than aromatic components.

Light and full range naphthas can contribute

substantial volume to the gasollne pool, but, without
reforming, they do not have substantlal octane to
contribute. {.,

Cracked naphtha, as it coéee from the catalytic
cracker and without any further ﬁreatments, such as
purifying operatlcns, has a rehatlvely high octane
number as a result of the presence of olefinic
components. It also has an ex llent volumetric yield.
As such, cracked gasoline is an excellent contributor
to the gasollne ‘pool. It con Qubutes a large quantity
of product at a high blending octane number. In some

cases, this. fractlon may contrlbute as much as up to

25

30

35




and the catal ysts which are chosen for use in thip
produce a product slate in which the gasol i nejRddduiekt 51 1L not
subst anti ’-bgskower 5 .than the octane of the fepd
material; that is not |ower by nmore than about 1 fo}324 JURC e Indnbers.

It is preferred that the catal ysts afda the opkrpting conditi whi ch
are chosen for use in - :this invention are suchjt’ trfic yield
of 10 the product is not- substantial Iy di m nishefl_as_conpared to the
feed. In sone cases, the volunetric yield and/ or octane of -the
gasol i ne boiling range_ptodyct nmay wel | be_hi gher than those of the
feed. In Rahf g§e5as°11nﬁhé“oéP&néeG&PPEVSPPPHat FBergp&oreseditch oct ane
nurr‘ger 151|s.I éR@éJleEbubec@m@dmﬁntt rorfeszhehqmsewﬁe pbopr.oduct) of t he
product wi ool arr

It has been fo@ﬁge%h§99¥ﬁ _ FOER 8 ﬁ@cﬁﬁﬁﬂgrb°llln§Réﬂ)%gF t he product

can be enhaﬁoddnbybopénag;m@naﬁ 2@hichcperaspdotierpdr dnuseme that is greater
than $40[ eliehiGeries or petrochemical plants, include pyrolysis
gasoline. Th;sf“e a fraction which is often produced

n:the cracking of petroleum fractions

as a by-product

to produce ligh nsaturates, such as ethylene and
propylene. nye_ysis gasoline has a very high octane

10 number but is qﬁife'unstable because, in addition to
the desirable oleflns boiling in the gasoline boiling

range, it conta”

' a substantial proportion of unstable

diolefins. _
Hydrotreat;:'fof any of the sulfur containing
15 fractions which?ﬁqil in the gasoline boiling range
causes a reductibnwin the olefin content thereof, and
therefore a reductlon in the octane number. Moreover,
" as the degree off "sulfurlzatlon increases, the octane
number of the ngf 1ly liquid gasoline boiling range
20 product decrease' $ome of the hydrogen may also cause
hydrocracking aéf_e}l as olefin saturation, depending
" on the conditioni f the hydrotreating operation.
In any case;* egardless of the mechanism by which
it happens, the. de;rease in octane which takes place as
25 a consequence of’ sulfur removal by hydrotreating

creates a ten51on between the growing need to produce
gasoline fuels w1th”hlgher octane number, and because
of current ecologlcal considerations, the need to
produce cleaner pg;n;ng, less polluting fuels, : !
30 especially low suiqu fuels. This tension is §
particularly prohéénced in these days when the supply .
of hydrocarbons,3b'lgicularly sweet hydrocarbons, is
relatively short.   '
We have now dev1sed a process for the treatment of
35 sulfur contalnlng gaeollne boiling range fractions by
which the sulfur 99 tent thereof is reduced to




?(650[err]F); preferably greater than 400[err]C (750[er'

process otFlgu I nvention is preferably oper at ed jurfder—a—ceri-Hay i @n
of conditi'ons such that t he desul furization is | iggﬁa 50
preferably at 25 |east about 75 % _é_corrpar ed to th bi?%nt | o

t he feed. : The single stage Conversion of th =Ya

i nvention produces a product which can be separated into different
fractions according to their boiling 30 ranges and useEs™Hre—predol
fractions are: dry gas; LPG that is C[err] and C[err] gases; and both
heavy and acceptaphbé yesels mitﬁafthy@mggmﬁaliiydﬁe@@éé%namm a |
by-products_can_bge separated for rther processing, as ., I's usual in
petroleun1f%??ﬁrﬁg.oﬁgﬁ?%g%WmEﬁFfF%%N£a$n§5vp%%m%5ﬁ%%rY%ﬁlgo &Penent a

sul fur vi aféver@baescasesesshe voluhkfeic]yiabdbendespvened for fertilizer
applicati 0pScearch octane number (RON) of gasoline boiling range

5 product is actually increased.

Accordingly, the invention resides in a process
for upgrading a sulfur containing feéd-fraction boiling
in the gasoline boiling range which:éomprises

_ contacting said feed fraction with:a5hydrotreating
10 catalyst, which comprises a) a zeolite having a
Constraint Index of 1 to 12, b) a Group VI metal, c) a
Group VIII metal, and d) a refractory support, under
hydrotreatihg conditions such as to produce a product
comprising a normally liquid fraction which boils in
15 substahtially the same boiling range as the feed
fraction, but which has a lower sulfur content than,
and a research octane number (RON) substantially no
" less than, the feed fraction.
The present invention is particularly useful in
20 that it carries out hydrodesulfurization without
significantly reducing (even increasing, in some. cases)
the research octane number (RON) of the desulfurized
product in a single stage, over a single catalyst.
There is no need to remove substantially all sulfur and
nitrogen from the reaction system héﬁq;e effecting
octane-restoration (or octane incre&éﬂ) treatment.

25

The feed to the process of the invention is a
- sulfur-containing fraction which boj

'in the gasoline
a light naphtha
to 166°C (330°F), a full

e of C; to 216°C
(420°F), a heavier naphtha fraction boiling in the
range of 127 to 211°C (260°F to 412°F), or a heavy
gasoline fraction boiling at, or at'i ést within, the
range of 166 to 260°C (330 to 500°F), preferably 166 to

211°C (330 to 412°F). The most preferred feed appears

boiling range. Suitable feeds includs
30 having a boiling range of C5

range naphtha having a boiling rang

35




F- 6456 - 8- : REPL[A nSHEFT
now be nprggpggrticularly described with referencg fo the foll ow hg
Exanpl e and t he acconpanyi ng draw ngs, in which 2 4 JULF996r ¢

a plot of gasoline sulfur content ag-a © function pf oFeratlng
tenperature for a process . according to the Exanpje of the prese

I nvention and for a process using a conventional |

avai l able CoMo/Al[err]Jerr] catal yst, and
Research Cctane as a

C ear
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at this time to be a heavy gasoline which has resulted
from the catalytic cracking of a still heavier feed,
such as a gas oil; or a light or full range gasoline
boiling range fractioh.

The catalyst employed in the process of the
invention comprises: a) a zeolite having a Constraint
Index of 1 to 12, b) a Group VI metal, usually
molybdenum or tungsten, c) a Group VIiI metal usually
nickel or cobalt and d) a binder or sﬁbstrate._

The zeolitic component of the catalyst is suitably
selected from ZSM-5, ZSM-11, ZSM-22, ZSM-23, ZSM-35,
ZSM-48, ZSM-SO{ MCM-22 and mordenite, with MCM-22 being
particularly preferred. |

ZSM-5 is described in U.S. 3,702,886 and U.S.

Reissue 29,948.

ZSM-11 is described in U.S. 3,709,979.

ZSM-22 is described in U.S. 4,556,477.

ZSM-23 is described in U.S. 4,076,842.

ZSM-35 is described in U.S. 4,016,245.

ZSM-48 is described in U.S. 4,397,827.

Z5M-50 is described in U.S. 4,640,829.

MCM~-22 is described in U.S. 5,013,422.

The binder or substrate is suitably any refractory
binder material. Examples of these materlals are well
known in the petroleum arts and 1nc1ude silica,
5111ca-alum1na, sxllca-z1rcon1a, 5111ca-t1tan1a,
alumina, titanium ledee, zirconium dioxide, and
clays. Alumina is partlcularly preferred.

The catalyst employed in the present process
should be selected to have sufficient: ac1d activity to
effect the partial cracklng and rearrangement of the
feed necessary to restore lost octane”f

However, it is
undesirable for the catalyst to have too high an acid
activity because this could severely reduce the volume
of the gasoline b0111ng range product. -One measure of
the acid activity of a catalyst is its’ Alpha Value

- CQONELCL O
Figure 2 is a plot of

[



pr esent

10 = function of operating tenperature for the procesg LACENEQH;SHEFETpIe
of 't he prepestsienventi on and for a process usi ng {a jconventi onal
CoMo/ Al [err]J err] catal yst. : I 2 BQuPnme
In this Exanple, a CbNb/hKIAZZ/AI[erpbe[err] cat al yst {15 according tofthe

I nvention and a conventional, commer ci al}l y—avai ['abl e

CoMo/ Al [err]derr] hydrofinishing catal yst were Used 1o hydrotreatta

hi ghly aromatic heavy cracked naphtha feed. The properties of the two
catalysts are listed in Table 1 bel ow. 20 TABLE

1

which is an approgimake ipddgatipssof the catplitis)

Conposi ti ograkt¥ing acti®aMy MeViedd dakcan k€l ebimpareaMeoAbl err] J err]

Co
9.8
g/ cc

5

13

2¢

.25

30

standard cajalyst a%sﬁf§i@&Veﬁrﬁﬁgrffé§ti%é4r%gﬁtigFe Densi ty,
congtédnt (rate of normal hexane conversion per volunme
of catalyst per unit time). It is-based on the
activity of a high-activity silica-alumina cracking
catalyst taken as an Alpha of 1 (Rate Constant = 0.016
sec”l). The Alpha Test is described in U.S. Patent
3,354,078; in the Journal of catalysis, Vol. 4, p. 527
(1965); Vol. 6, p. 278 (1966); and Vol. 61, p. 395
(1980) . The experimental conditions of the test used
herein include a constant temperature of 538°C and a
variable flow rate as described in detail in the
Jdournal of Catalysis, Vol. 61, p. 395 (1980).
Preferably, the catalyst of this invention has an alpha
activity of at least 20, preferably 50 to 200.

The particle size and the nature of the catalyst

Cwill usually be determined by the type of conversion

process which is being carried out, such as: a

down-flow, liquid phase, fixed bed iyocess; an up~-flow,

fixed bed, liquid phase process:; an.ebulating, fixed

fluidized bed liquid or gas phase process; or a liquid

or gas phase, transport, fluidized bed proceSs. As

noted above, all of these different process schemes

are, per se, well known in the pet“”leum arts, and the i
choice of the particular mode of op

tion is a matter
left to the discretion of the operé or.

The conditions employed in the: process of the
invention generally include a température of 230 to
480°C (450 to 900°F), preferably 290 to 430°C (550 to
800°F); a pressure of 450 to 10400ikPa (50 to 1500
psig), preferably 2200 to 7000 kPa (300 to 1000 psig):
a space velocity of 0.5 to 10 LHSV{ preferably 1 to 6
LHSV; and a hydrogen to hydrocarbonaratlo in the feed
of 18 to 3600 Nm /m (100 to 20,000 SCF/B), preferably
90 to 900 Nm /m (500 to 5,000 SCF/B)

" e St i



—
]

Surface Area, m/g 338 260

0.716 F-6456 0.55 30 Pore Di aneter, A s 85

85 (1) contains 65 wt % MCM 22 and 35 wt % al umi na 24 JUD’&Q%e
sets out the properties of a highly -7-aromati ¢ heavy jcdacked napht ha
feed which was used in thi s Exanpl e: F- g450

-9- )
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It is important that the conditions of operation
and the catalysts which are chosen for use in this
invention combine to produce a product slate in which
the gasoline product octane is no;_substantlally lower
than the octane of the feed gasoline boiling range
material; that is not lower by more than about 1 to 3
octane numbers. It is preferred tpat the catalysts and
the operating conditions which are chosen for use in
this invention are such that the volumetric yield of
the product is not substantially diminished as compared
to the feed. In some cases, the volumetric vield
and/or octane of the gasoline boiling range product may
well be higher than those of the feed. 1In many cases,
the octane barrels (that is the research octane number
(RON) of the product times the volume of product) of
the product will be higher than the octane barrels of

the feed.

It has been found that the research octane number
(RON) of the product can be enhanced by operating at
increased temperatures, that is greater than 340°C
(650°F), preferably greater than 400°C (750°F).

The process of this invention is preferably
operated under a combination of conditions such that
the desulfurization is least about 50 %, preferably at
least about 75 %, as compared to tﬁe sulfur content of
the feed. _;;

The single stage conversion of the present
invention produces a product whicﬂ;can be separated
into different fractions accordinQ£to their boiling
ranges and uses. The predominant~?:actions are: dry
gas; LPG, that is C; and C, gasesziend both heavy and
light gasoline. The hydrogen sulfide and/or ammonia
by-products can be separated for: further processing as
is usual in petroleum refining. Hydrogen sulfide can
be converted to elemental sulfur v;a the Claus process.

NH, can be recovered for fertilizer applications.
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TABLE 1 Heavy FCC Napht ha

23:5 Hy e W % ke sl i

Sul fur, ng Gl 2.10 Nltrogen pomw
190 CI ear Research Cctane, RtO  _g._ 2d5J6L ¥y
Conposition, W% Par af fi ns '

10 Cycl o Paraffins _ , . 8.1 l efli
and Diol efins 5.8 . Artenadd.cs. ——

73.2 Distillation, [err]F ([err]C - 5%

289(143) 15 10% The invention will now be more particular3¥5(179)
30%

435( 224) desc_}'d.t%ed with reference to the t%q.“:i(o%q;% ExampleS%é%dZSQ
the accompanying drawings, in which
Figure 1_15 a plet of gasoline sulfur content as a
function of operating temperature for a process
according to the.Example of the present invention and
for a proceségusing a conventional, commercially
available COud/A1203 catalyst, and
Figure 2 is a plot of Clear Research Octane as a.
function of qperating temperature for the process of
said Example of the present invention and for a process
using a conveﬁtional COMO/A1203
EXAMPLE
In this Example, a CoMo/MCM-zz/A1203 catalyst
according to the present invention and a conventional,
commercially available COMo/Al2 5 hydrofinishing
catalyst were used to hydrotreat a highly aromatic
" heavy cracked-haphtha feed. The properties of the two
' catalysts are listed in Table 1 below:
20 - TABLE 1

Catalyst Properties

10

catalyst.

15

Chemical

Composition wts . CoMo/MCM-22/A1,0, (1) CoMo/Al,0,

Co . 2.0 3.4
25 Mo - 9.8 10.2

Physical Properties _

Particle Dens1ty, g/cc . 0.919: : -

Surface Area, m /g 338 _ f 260

Pore Volume, cc/g 0.716 : 0.55
30 Pore Diameter, A 85 ' 85

(1) contains 65 wt% MCM-22 and 35 wt% alumina

Table 2 sets out the propertiés of a highly
aromatic heavy cracked naphtha feed which was used in
this Example: :




90% |,
488( 253)

| ower net al

F-6456

482(250) 20 = 95%
The finished CoMb/ MCM 22/ Al [err]J err] catalyst had a

| oadi ng than the CoMo/Al[err](Jerr] catalyst. Both
catal ysts were presul fided and eval uaiged at the sane conditions, 1.0

LHSV and 4240 kPa (600 psig) Herr], except 25 for the hydrogen

circul at
Nnferr]/

As wi ||
catal yst,

ci rcul at i oHydaicRyenyaSHel

ion rate,

180 Nnmferr]/nferr] (1000 scf/b) vs. 570

nMerr] (3200 scf/b). Cenerally, higher hydr ogen circul ation
rates and hi gher

activity. Reactor t enper at ur e BABLECAanged to obtain different
operating 30

severities. Th%é%ﬁff'ﬁc% %a%]:}%}%m in Figures 1 and 2.
be seen from Figure 1, e 721 Alferr]Jerr]

met al | oadi ngs provi de better desul furization

FRAVAIFA owdtPTet al | oadi ng and eval uat ed #3-%wer hydrogen

| east as active as the CoMypAld=xrr]derr]

cat al yst fg&i%%r'(gg%nfurization. More inportantly, as s@g%p in Figure
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Nitrogen, ppmw 190
Clear Research Octane, R+0 95.6
Composition, wt%
Parafflns _ ' 12.9
Cyclo Paraffins 8.1
Olefins and Diolefins 5.8
Aromatics 73.2

Distillation, °F (°C)

289 (143)

5%

10% 355(179)
30% - 405(207)
50% 435(224)
70% 455 (235)
90% - ) 482 (250)
95% > 488 (253)

The finished CoMo/MCM—Zz/A1203 catalyst had a
lower metal loading than the CoMo/A1203 catalyst. Both
catalysts were presulfided and evaluated at the same
conditions, 1.0 LHSV and 4240 XPa (600 p51g) Hz' except
for the hydrogen circulation rate, 180 Nm /m (1000
scf/b) vs. 570 Nm3/m3 (3200 scf/b). Generally, higher
hydrogen circulation rates and higheq metal loadings
provide better desulfurization activity. Reactor
temperature was changed to obtain different operating
severities. The results are shown inéFigures 1 and 2.

As will be seen from Figure 1, the CoMo/MCM~-22/
Al catalyst having lower metal loadlng and
evaluated at lower hydrogen c1rculatlon rate, was at
least as active as the CoMc/Al 3 catalyst for
desulfurization. More 1mportant1y, as shown in Figure
2, at high temperatures, e.g., above 343 °C (650°F),

—— e T




2, at high tenperatures, e.g., above 343[err]C (650[err]F), F- 6456

- 10- thp_ggkgne of the desulfurized gasoline was higher than that of

t he conventional CoMo/Al[err]Jerr] catalyst. Above a reactor tenperature
of 400[err]C (750[err]F), the CoMo MWn22/ Al[err]err] catal yst produced a
| ow-sul fur gasoline with increased research octane nunber (RON), as

the octane of ﬁhe desul furized gasé;ine was higher than
that of the conventional CoMo/Aléqs catalyst. Above a
reactor temperature of 400°C (750°F), the CoMo
MCM-22/A1,0, catalyst produced a low-sulfur gasoline
with lncreased research octane number (RON), as
compared to the 95.6 Research Clear Octane Number of
the raw FCC heavy gasoline. At the same temperatures,
the octane loss for the conventicnal CoMo/Al,0,
catalyst was more than 4 octane numbers (RON).




conpared to the 95.6 Research Cear Cctane Number of the raw FCC heavy
gasoline. At thggapgre tenperatures, the octane |oss for the conventional
CoMo/ Al [err](Jerr] catalyst was nore than 4 octane nunbers (RON)

F- 6456 CLAI MS: -11- | ——

U

CLAIMS:

1. A process for upgrading a sulfur containing feed
fraction boiling in the gasoline boiling range
which comprises contacting said feed fraction with
a hydrotreating catalyst, whlch comprises a) a

5 zeolite having a Constralnt Index of 1 to 12, b) a
Group VI metal, c) a Group VIII metal, and d) a
refractory support, under hydrotreating conditions
such as to produce a product comprising a normally
liquid fraction which boils in substantially the

10 same boiling range as the feed fraction, but which
has a lower sulfur contentlﬁhan, and a research
octane number (RON) substantially no less than,
the feed fraction.

2. The process as claimed in claim 1 wherein said
feed fraction comprises a light naphtha fraction

having a boiling range within the range c5 to
166°C (330°F).

3. The process as claimed in ¢laim 1 wherein said
feed fraction comprises'a full range naphtha
fraction having a boiling range within the range
of C . to 216°C (420°F). -

laim 1 wherein said

feed fraction comprises a heavy naphtha fraction

having a boiling range withih the range 166 to

'260°C (330 to 500°F).

4. The process as claimed in

5. The process as claimed in ¢ aim 1 wherein said
feed fraction comprises a heavy naphtha fraction
having a boxllng range w1th1n the range 166 to

211°C (330 to 412°F). -
REPLACEMENT SHEET
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1. A.process for upgrading a sulfur containing feed fraction
boiling in the aﬁgéﬁne boi li ng range whi ch conprises contacting
said feed fract a hydrotreating cata%yst —mththQﬂprises

a) ab zeolite having a Constraint _|[ndex of 1t
Goup VI netal, c) a Goup VII.LI netal, and? d a ”" @ ,I!,
support, under hydrotreating conditions : SUCh*aSCtOL

product conprising a normally liquid fraction which b0|Is in
substantially the 10 sanme boiling range as the feed fraction, but

which ghas @héoﬁ@6c§HEfH§ EPQiﬁB& %Hagnyaﬂgeéeéﬁﬁgaéiglm

oct ane nunber (RON) substantiall ess

fraction. 2. whepel BrBE%séeaéltFaFﬁeéelﬁcﬁﬁélﬁ?&mmﬁﬁﬁeﬁn sai d
feed fraction conprigsm-alli gbk-paphgbr-bsacykmnas, zsM-so0, hgeingaa boiling

range within the ranggdC%ggaLnlge

7. The process as claimed in claim 6 wherein said
zeolite is MCM-22.

8. The process as claimed in any preceding claim
wherein said hydrotreating catalyst comprises
cobalt and molybdenum.

9. The process as claimed in any preceding claim
wherein said hydrotreatinq}conditions cémprise a
temperature of 230 to 480°C (450 to 900°F), a
pressure of 450 to 10400 kPa (50 to 1500 psig), a
space velocity of 0.5 to 10 LHSV, and a hydrogen
to hydrocarbon ratio in the feed of 18 to 3600

Nm°/m> (100.to 20,000 SCF/B).

10. The process as claimed in any precedihg claim
wherein Said hydrotreating conditions comprise a
temperature 290 to 430°C (550 to 800°F); a
pressure of 2200 to 7000 kPa (300 to 1000 psig); a

3 space velocity 1 to 6 LHSV, and a hydrogen to
hydrocarhon ratio in the feed of 90 to 900 Nm /m
(500 to 5,000 SCF/B).
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166[ ekr] C (330[err]F). 3. The process as clained in claiml
wherein said ¥F-e6456 feed fraction conprises a full range naphtha
fraction having a b0|I|ng range ‘Wi thin the range ' of CJerr] to
216[err] C (420[err]F) - 4. The pngeessp-as..clained in.claiml

wherein said feed fraction conprises| BiiliegviFTniaphtdagy fir acti on
having a boiling range W thi.n. the range 166 t noi 10 260[erf] C (330 to
500[err]F). © b, Th"iprocess as clalneg"rn'Clarﬂﬁl"mhe#eyn sai d

feed fraction conprises a: heav aphtha fraction . havi ng a boiling
range within the range 166 H¥ -C N U?Eﬁ@gﬁﬂGSHgﬂﬂF%Q)412[err]F)

ABSTRACT

In a pro ess for upgrading a sulfur containing feed

fractlon'bp" ng in the gasoline boiling range, the

feed is cont gted with a hydrotreating catalyst, which

comprisesea; TEZeolite having a Constraint Index of 1

to 12, preﬁ? ﬁly MCM-22, b) a Group VI metal, c) a

Group VIII:' tal, and d) a refractory support, under

hydrotreat conditions such as to produce a product
10

comprising §rmally liquid fraction which beoils in

substantiailr the same boiling range as the feed
fractlon,'5 v which has a lower sulfur content than,
and a research_octane number (RON) substantially no

thé feed fraction.

less than,
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F- 6436 -12- . 6. The process as.
clainmed in any preceding claim wherein the zeolite is selected
from ZSM 5, ZSM 11, ZSM 22, ZSM 23, ZSM 35, ZSM 50, MCM 22,

and m)rdeni te.
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MCM 22. -~ 8.
wherein said hydrotreating Catalyst conpri ses
nmol ybdenum - 9.
wherein sai d hydrotreating‘conditions
230 to 480[err]C (450.to 900[err]F)
kPa (50 to 1500 psig), a 5=
hydr ogen
Nnferr]/merr] (100 to 20,
any preceding claim

a )

rise a
press
. space vel ocity of
to hydrocarbon ratio in the feed of
000 SCF/B) 10.:-

"The process as claimed in claim6 wherein said
The process as clainmed in any preceding claim

. The

zeolite is

cobalt and

The .process as clained in any preceding claim
t enperature of

ur e of 450 to 10400

p ocess as clalﬁei I n

24 JUL 996

. CoMo/MCHi-22

o

Figure
Gasoline Octane

CoMo/AI203

600 650 700 750
Temperalure, «F 800

)
550

1
500

100
98 }

| BUBIO0 Yareesay ey

90 |

88
450



wherein said hydrotreating conditions conprise a tenperé%ﬁyg'zgo
to 480[err]C (550 to 800[err]F); a pressure of 2200 to 7000 kPa
(300:to 1000 psig); a 5  ..:space velocity 1 to 6 LHSV; and a hydrogen
to hydr ocarbon rati o.:rn the fgig_pf-QO to 900 Nnjerr]/nferr]

(500 to 5,000 SCF/B). ' x

JROCARBON UPGRADING P?QCESS

In a processrfcr upgrading a sulfur containing feed
. fraction bo;l“'

in the gasollne b0111ng range, the
with a hydrctreatlng catalyst, which
zeollte having a: CQnstralnt Index of 1
to 12, prefer 1y MCM-22, b) a Grcup VI metal, c) a
Group VIII met 1; and d) a refractory support, under
hydrotreatlng;condltlons such as ‘to produce a product
comprising a: normally liquid fraction which boils in
substantlally thé same boiling range as the feed

‘ fch has a lower sulfur content than,
tane number (RON) substantially no
:Eéd fraction.

feed is conta
comprises a)’

fractlon, but
and a researchi
less than, the

(FIGURE 1 IS suGGESTED FOR PUBLICATION)
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HYDROCARBON UPG _“ING ‘FROCESS
ABSTRACT :. "

" sulfur containing feed
.;iihg-range, the
feed is contacted with a hy@g ;catalyst, which
comprises a) a zeolite haviﬁ on ,f%int Index of 1
to 12, preferably MCM-22, b) a Group VI metal, c) a
Group VIII metal, and d) a refra tdty support, under
hydrotreating conditions such_' i “produce a product
comprising a normally 11qu1d fracti_ ﬂWthh boils in
substantially the sanme b011lng range as the feed
fraction, but which has a lower sulfuxr content than,
and a research octane number (RON) substantxally no
less than, the feed fract1on. S

In a process for upgrading.
fraction boiling in the gaso

N
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