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Low sulfur gasoline of relatively high octane. number is produced from a cracked, sulfur-containing olefinic naphthas by
hydrodesulfurization followed by treatment over an acidic catalyst comprising an intermediate pore size zeolite such as zeolite ZSM-5
in combination with molybdenum. The use of the molybdenum in combination with the zeolite has been found to give improved catalytic
activity coupled with lower coking, longer catalyst life and other advantages.
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PCT/US 92/06537_and U.S.-A 5,346,609 and U.S.=-A

5,409,596 describe a process for the upgrading of cracked
naphthas, especially FCC naphtha, by sequential
hydrotreating and seledtive cracking steps. In the first

15 step of the process, the naphtha is desulfurized by
hydrotreating and during this step some loss of octane
results from the saturation of olefins. The octane loss is
restored in the second step by a shape-selective cracklng,
preferably carried out in the presence of an acidic

20 catalyst, usually an intermediate pore size zeolite such as
Z2SM-5. The product is a low-sulfur gasoline of good octane
rating. PCT/US94/10548 and U.S. 5,411,658 describe a
variant of that process uéing a molybdenum zeolite beta
catalyst

25 Summ of the Invention
We have now found that molybdenum is extraordinarily
effective when used in combination with ZSM-5 or another
intermediate pore size zeolite as the acidic component of
the cafalyst. Not only is the éatalyst more active but it
30 is less subject to coking, with corresponding benefits in
reduced catalyst aging and increased cycle lengths. The
proportion of mercaptans is also lower and there is little



Figures 1 to 4 of the acconpanying draw ngs are graphs 25 shomﬁng t he
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Det ai | ed Descri ption ~ Feed The feed to the process cénprl ses .
a sul fur-containing 30 petrol eumfrsctlon whi ch boils in the gasoline
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500[err] F al though | ower end points bel ow the 500[err]F end point are
nmore typical. Feeds of this type include the naphthas described in

PCT/ US 92/ 06537, U.S.-A 5,346,609 and U.S. -A WD 96/ 07714

PCT/ US9 5, 409, 596.
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cr acked:.nltlagabmiﬁ'gé:reatlng step to desulfurize the feed w1th '
some reduction in octane number, after which the _ _
desulfurized material is treated with a catalyst based on a
molybdenum-containing intermediate pore size zeolite such
15 as ZSM-5, to restore lost octane. '
The process may be utilized to desulfurize
catalytically and thermally cracked naphthas such as FcC
naphtha as well as pyrolysis gasoline and coker naphthas,
including light as well as full range naphtha fractions,
20 while maintaining octane so as to reduce the rgquirement'
for alkylate and other high octane components in the
gasoline blend.

Drawings .

Figures 1 to 4 of the accompanying drawings are graphs ' E

25 showing the results of comparative experiments described in :
the Examples. '

Qet‘a;_.‘led' Description ' .
Feed . _

The feed to the process comprises a sulfur-containing
30 petroleum fraction which boils in the gasoline boiling

range, which can be regarded as e_xtendirig from C, to about

500°F although lower end points below the 500°'F end point

are more typical. Feeds of this type include the naphthas

described in PCT/US 92/06537, U.S.-A 5,346,609 and U.S.-A
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r. From the point of view of volume, however, the
main application of the process is likely to be with
catalytically cracked naphthas, especially FCC naphthas and

15 for this reason, the process will be described with
particular reference to the use of catalytically cracked
naphthas.

The process may be operated with the entire gasoline
fraction obtained from the catalytic cracking step or,

20 alternatively, with parﬁ of it. Because the sulfur tends
to be concentrated in the higher boiling fractions, it is
preferable, particularly when unit capacity is limited, to
separate the higher boiling fractions and process them
through the steps of the present process without processing

25 the lower boiling cut, as described in PCT/US 92/06537,
U.S.~-A 5,346,609 and U.S.-A 5,409,596. ’

The sulfur content of these cracked feed fractions
will depend on the sulfur content of the feed to the
cracker as well as on the boiling range of the selected

30 fraction used as the feed in the process, as descibed in
PCT/US 92/06537, U.S.-A 5,346,609 and U.S.-A 5,409,596.

Process nfigquratio
The selected sulfur-containing, gasoline boiling range
feed is treated in two steps_by first hydrotreating the
35 feed by effective contact of the feed with a hydrotreating
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.catal yst under conditions which =#roduce a second product conprising a
fraction which boils I n the gasoline boiling range which has a higher
oct ane nunber than the portion of the hydrotreated internediate 20
product fed to this second step. The product fromthis second step
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The hydrotreated intermediate product which also boils
in the gasoline boiling range (and usually has a boiling
range which is not substantially higher than the boiling
15 range of the feed), is then treated by contact with the
molybdenum~containing ZSM-5 catalyst under conditions which
produce a second product comprising a fraction which boils
in the gasoline boiling range which has a higher octane
number than the'portion of the hydrotreated intermediate
20 product fed to this second step. The product from this
second step usually has a boiling range which is not
substantially higher than the boiling range of the feed to
the hydrotreater, but it is of lower sulfurjdontent vhile
having a comparable octane rating as the result of the
-25 second stage treatment.

Hydro a
The hydrotreating step carried out in the manner
described in PCT/US 92/06537, U.S.-A 5,346,609 and U.S.-A
5,409,596; using typical hydrotreating catalysts and the
30 conditions disclosed there.

Octane Res ion - Second Step Processi

After the hydrotreating step, the hydrotreated
intermediate product is passed to the second step of the
process in which cracking takes place in the presence of
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900 [err]F), S%@@?eﬁéﬁﬂ}Yﬁ@?[err] to about 220[err]C (550 to 800

[err] F%] dThe pr tesQHéecbhdtﬂ@.o?\%C%bd 3t Y S@fond dstep SoﬂOthérpi':be&bs
since hydrogenation will not contribute_ to oduct octa
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the second step which converts low octane paraffins to form
higher octane products, both by the selective cracking of
heavy paraffins to lighter paraffins and the cracking of
low octane n-paraffins, in both cases with the generation

20 of olefins. Ring-opening reactions may also take place,
leading to the production of further quantities of high
octane gasoline boiling range components. The molybdenum-
containing zeolite catalyst may also function to improve
product octane by dehydrocyclization/aromatization of

25 paraffins to alkylbenzenes.

The conditions used in the second step are those which
are appropriate to produce this controlled degree of
cracking. Typical conditions are described in PCT/US
92706537, U.S.-A 5,346,609 and U.S.-A 5,409,596.

30 Typically, the temperature of the second step will be 150
to 480°C (300° to 900 °F), preferably 287° to about 220°C
(550° to 800 °F). The pfessure in the second reaction zone
is not critical since hydrogenation will not contribute to
product octane although a lower pressure in this stage will

35 tend to favor olefin prcduction-with a consequent favorable

effect on product octane. The pressure will therefore
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conbi nati on of nnlybdenunlon ZSM 5 has ‘been found to be 10 effective at
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The use of relatively lower hydrogen pressures

thermodynamically favors the increase in volume which
occurs in the second step and for this reason, overall
lower pressures are preferréd if this can be accommodated

20 by the constraints on the aging of the two catalysts. 1In
the cascade mode, the pressure in the second step may be
constrained by the requirements of the first but in the
two-stage mode the possibility of recompression permits the
pressure requirements to be individually selected,

25 affording the potential for optimizing conditions in each .
stage.

Consistent with the objective of restorlng lost octane
while retainlng overall product volume, the conversion to
products boiling below the gasoline boiling range (C5-) '

30 during the second stage is held to a minimum. However,
because the cracking of the heavier portions of the feed
may lead to the production of products still within the
gasoline range, the conversion to C - products is at a low
level, in fact, a net increase in the.volume of cs+

35 material may occur during this stage of the process,
particularly if the feed includes significant amount of the
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to have 30 respect to the second stage f eed
(t he |nternnmtata@m1bﬂ)e mae velumes cThase: gepdikes have ape

approprlate féﬁ?x”@f&ﬁ'ﬁ' leﬁeeds quifiabdy in U.S.WBdtent al pha
value o atm:ast Oléngls ﬁggfitZs of thls class are well-known;

. . ;
typical members of this class are the zeolites having the
structures of ZSM-.S, ZSM-11, ZSM-22, ZSM-23, ZSM-35, ZSM-48
and MCM-22. 2SM-5 is the preferred zeolite for use in the
present process. The aluminosilicate forms of these

20 zeolites provide the requisite degree of acidic '
| functionality and for this reason are the preferred
compositional forms of the zeolites. Other isostructural
forms of the intermdeiate pore size zeolites containing
other metals instead of aluminum such as gallium, boron or
25 iron may also be used.

The zeolite catalyst possesses sufficient acidic
functionality to bring about the desired reactions to
restore the octane lost in the hydrotreating step. The
catalyst should have sufficient acid activity to have

30 cracking activity with respect to the second stage feed
(the intermediate fraction), that is sufficient to convert
the appropriate portion of this material as feed, suitably
with an alpha value of at least about 20, usually in the
range of 20 to 800 and preferably at least about 50 to 200

35 (values measured prior to addition of the metal component) .
The alpha value is described in U.S. Patent 3,354,078 and



range of 20 to 800 and preferably at |east about 50 to 200 35 (val ues

measur ' to addition of the netal conponent). val ue is
ﬁ’g) Y lugl ;ﬁ@s@kﬁ&%‘:

descri .S. Patent 3,354,078 and WD 96/ 0

PCT/ US95/ 10364 - 8- in J.

Catal ysis, 4, 527 (1965); 6, 278 (19887: and 61, 395 (1980). The
experinmental conditions of the test used to determ ne the al pha val ues
referred to in this specification include a constant tenperature of

538[err]C and a 5 variable flow rate as described inJ. Catalysis, 61,

395
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20

25

30

" Mol X bdf #&lﬂtié‘fé”é’i’éé‘éegf'gfﬁ *:H?e zeol%teagé%t by

regnation 2 an extru e or
|ngtqptﬁmpné gg@.hggqﬂﬁptan;excessive pressure drop in a

catalyst bed.

The'catalyst.also.contains molybdenum as a component
which improves catalyst activity, stability as well as for
improving product quality as described above. Typically,
the molybdenum will be in the oxide or the sulfide form; it
may readily be converted from the oxide form to the sulfide
by conventional pre-sulfiding techniques. A molybdenum
content of about 0.5 to about 5 weight percent,
conventionally 1 or 2 to 5 weight percent, (as metal) is
suitable although higher metal loadings typically up to
about 10 or 15 weight percent may be used.

| The molybdenum component may be incorporated into the
catalyst by 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 process being typical and preferred.



bl nder. Wen the nol ybdenumis added in the formof an ani oni ¢ conpl ex

~such as nol ybdate inpregnation or addition to the nuII

" appropriat RRIL Y The particle size and the nature o% “Ef“
catalyst will 30 usual |y be determi ned by the type of conversion process
which is being carried out with operatiof%m a down-fl ow, fixed bed
process being typical and preferred. WO 96/ 07714

PCT/ US95/ 10364 - 9- Exanpl es
Exanpl es showi ng the use of ZSM5 w thout a netal conponent are given
in PCT/US 92/065§7E U S.-A 5, 346, 609 and U. S.-A 5,409,596..5 .
Exanples 1 ow illustrate the preparation of the ZSM 5

fcat gl yStZ Pe[1 forE@ﬁ%ﬁ@ﬁﬁmwmgsthé ubesef zsM-Gatdltimut va tmetilfer ent
eeds and wth a no enu C Al e tedd €
given in sulfSHRRAATY nt aregivsn 4n ?ﬁ&?@sggéga 7tés d)epéar tzgaéa?\idy%ergéent ages

are by 10 amd ghiSiurheS5409¢596ce expressly stated to be on sone ot her
basi s. fenperat Urgga@bfel M1 [ 8hel & BB OH 339Wstiath gj?ea reparatiéicor

expressly stated sone o
Pr epar at i on e aZWiSM’éalxsﬁSyst ngformanceAqmer:@onﬁ )&%r‘?‘%ﬁe 80 parts

ZSM 5 and ZQ:aPE’éifstf whmeagebeeaﬁtt CedldsMatd RAWIE a (eiiietermtunal [ er 1]

al um na) was orma uniformmxture ,and fornmed into tSnm

(1/16 inch) qsntmmal zepdptechetajsatalysthare givan ip subsequen
ext ruder. Nﬁxaappe@entﬁnwenesal estaﬁglhese@awtsoam@ prcerntages giite doy a

100% solids b . |
127[;rFPC éﬂ%ﬁékﬁeu?ﬂgﬁgﬁiﬁggggﬁe expressly sté%ednkéiggﬂéncg$ﬁz 3Eher
' basis. Temperatures are in °C and pressures in kPaa,
unless expressly stated to be on some other basis.

Example 1
Preparation of a Mo/ZSM-5 Catalyst
15 A physical mixture of 80 parts 2ZSM-5 and 20 parts

pseudoboehmite alumina powder'(COndea Pural™ alumina) was
mulled to form a uniform mixture and formed into 1.5mm
(1/16 inch) ¢y1indri¢al shape extrudates using a standard
augur extruder. All components were blended based on parts

20 by weight on a 100% solids basis. The extrudates were
dried on a belt drier at 127°C, and were then nitrogen
calcined at 480°C for 3 hours followed by a 6 hour air
calcination at 538°C. The catalyst was then steamed at
100% stream at 480°C for approximately 4 hours. The

25  steamed extrﬁdates.were impfegnated with 4 wt$ Mo and 2 wt%
P using an incipient wetness method with a solution of
ammonium heptamolybdate and phosphoric acid. The
iméregnated extrudates were then dried at 120°C overnight
and calcined at 500°C for 3 hours. The properties of the

30 final catalyst are listed in Table 1 below together with
the properties of the hydrotreating catalysts (CoMo, NiMo)
used in the Examples.
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%g ert Idi:g.e(ﬁ °é'at’a?'§/ SCES The extrudates were tken nitrogen calcined '
at 480°C for 3 hours followed by a 6 hour air calcination '

at 538°C. Then catalyst was then steamed in 100% steam at
480°C for approximately 4 hours. The properties of the

final catalyst are listed in Table 1 below. .

15 : g TABLE 1
-operties of Catalysts
CoMo HDS NiMo HDS Mo/ZSM-5
Zeolite | - - ‘ZSM-5
20 Zeolite, wtd ' - - 80
Alpha | N P
Surface area, m‘/g 260 160 289
n-Hex. srptn, cc/g ' - - 10.4
cy~Hex. srptn, cc/g ' - - -
25 Nio, wt% _ N/A 4 N/A
Co, wt% 3.4 N/A  N/A
Mo, wt% 10.2 16 3.6
P, wt% _ - - 1.7

Before Mo impregnation
30 N/A Not applicable

Example 3

Performance compari$on with a heavy FCC naphtha

H2SM5

ZSM-5
65

101
337
10.4
9.3

N/A
N/A
N/A
N/a

This example illustrates performance advantages of a
Mo~-ZSM-5 catalyst (Example 1) over a H-ZSM-5 catalyst

35 (Example 2) for producing low sulfur gasoline.

-




CoMb HDS Ni Mo HDS Mb/ ZSM 5 HZSNG Zeolite

- ZSM5 ZS Zeolite, w% - - 65
‘Al.pha W 9id7r14 i - 132 101 sur a’é’ggé‘r"é“a,
mMerr]/g 260 160 289 337 n- Hex. srptn, cc/g

- - 10.4 10.4 cy-Hex. srptf” cc/g ' - -

- 9.3 25 NNO W% N A 4 N A N A

Co, W% 3.4 N A N A N A Mo, wt %

10. 2 16 3.6 N A P, wt% -

1.7 N A : [ | 3 . p i bl e
Exanple 3 ' Pe%f%fgﬁn%%églggﬁpgre %%ﬁ%%ﬁ‘%ﬁ%ﬁ%&%pﬁt ﬁiéﬁgé
This exanpl ecatalytiat esaghingr processdwas &peatsd £o givepazsmw 5 cat al yst
(Exanple 1) swest@nth P Saeahidletizéa prdatr®hiieh 4 Ghiw{mHCoe8ah8W

sul fur gasolj ne. WD 96/ 07714 y

PCT/ US95/ 103R8s. The feedstock prppextimssy rogsfher iwithcthose wsed a

fluid 5 ciiobther éxpekinenesoqeserided HAIRS ldrdisifown in Table 2

substanti al | esul furized product with a m ni nrum oct ane | oss. The
f eedstock p Wtes, together with those used
, Table 2
opertie aphtha Feeds
_ : Heavy De-Hex Heavy
10 - Naphtha(I) Gaso. -
Naphtha (II)- - :
Nominal Boiling Range, °c 175-255 80-205 '160-490
Specific Gravity, g/cc 0.916 0.805 -~ 0.896
Total Sulfur, wt% . 2.0 0.23 1.2
15 Nitrogen, ppm 180 - 86 150
Bromine Number 10.4 54.3 22.1
Research Octane ' 96.4 92.3 92.7
Motor Octane ' 84.0 80.3 80.6
Distillation, °C(D-2887)
20 IBP ' ' 58 57 134
5% : 162 73 161
10% : 182 88 171
30% 209 114 207
50% 228 142 228
25 70% -235 169 241
90% 255 207 257
95% 265 217 260
EP 296 , 245 271

. The experiments were carried out in a fixed-bed pilot

30 unit employing a commercial CoMo/Al,0, hydrodesulfurizatioh
(HDS) catalyst and the Mo/ZSM-5 catalyst in equal volumes.
The pilot unit was operated in a cascade mode where
desulfurized effluent from the hydrotreating stage cascaded
directly to the zeolite-containing catalyst to restore

35 octane without removal of ammonia, hydrogen sulfide, and
light hydrocarbon gases at the interstage. The conditions
employed for the experiments included a hydrogen inlet
pressure of 4240 kPaa (600 psig), a space velocity of 1.0



5 I n other experinents described below, are shown in Table 2 bel ow.

Tabl e . Properties of Naphtha Fee _

Heavy veo%mwl:be_ Hex Heavy 10 dﬁﬂms”’mmmt ha(l) -«
Gaso. Napht ha(11) Nom nal Boiling Range, [err]c 175-255

80- 205 160- 490 specific Ga¥®Ty, g/cc 0.916 0. 805

0. 896 Total Sul fur, w% 2.0 0.23 1.2 15

Ni trogen, ppm 180 86 , 150 Br om ne
Number 10. 4 54.3 22.1 Research Cct ane

30,3 LSV g “(ased, 4 Freph, (AL alain £y cotel ogpaLydis)

58 and 5345 M.1.1.7 (3000 scf/bhl) of once-through hydrogeées?

73 A 10% 182 88 171
i tion.

300 O 09 114 207 50%

228 - Table 3 and nggr§51 coppare the gasoline - 235

- 168 hydroé%ﬂishlng%ﬂ&fformance of the (1) HDS éﬁﬁ5H-ZSM-5 207

257 9 265 260 EP
296 catéayggﬁpomblnatﬁqﬂ and (2) HDS a?ﬂe“@ﬁ&ﬁﬂ?ﬁaﬁ%§%&¥%§carr|ed out
in a ficeabiettivnot 30 uni t enploylng a commercial CoMo/Al[err]Jerr]
hydr odesul furi zation and the M/ ZSM 5 catalyst i n equal
vol unes. '

desul fur directly

the zeol i te-contai ning cataly ore e h renova
o? anmoni a, hydrogen sulfi de, g hy Eg%g C%B ﬁb /t he - ‘
i nterstage. The conditions Tﬁ%%?%ggTor t XP uded a

hydrogdedgeﬁ Temp. preésure of 4240 kPaa (600 psizgks a spacg7§eIOC|ty of

Stage 2 Temp., °C - - 405 400
Days on Strean : - 20.4 - 12.8
15 na es . ’ | '
Sulfur, wt$ 2.0 0.027" 0.006"
Nitrogen, ppmw 180 <1’ <1’
Research Octane 96.4 98.4 98.7
Motor Octane 84.0 Co 85.4 86.2
20 Olefin Yield, wt$%
C,=+C,=+C,= : - 0.19 0.14
+ s e Yields
vol% 100 97.9 . 93.7
25 wtd 100 94.5 90.2
Process Yields, wt%
C1+C2 - 0 » 3 1 . 3
C3 - 1 0'8 3 . 3
C. - 2.6 4.5
30 Cs~200°C 17.7 35.3 -37.9
200-215°C 21.1 18.8 16.8
215°C+ 6l.2 40.4 35.5
Conversion, %
200°C+ - 28 36
35 215°C+ - ' 34 ' 42
dro nsu io :
(n.l.l.-x) ) - 130 : ’ 155
¥ Measured with a H,S strlpped product

conditions: 4240 kPaa, 0 hr.”! overall LHSV



V\!i)296/ 07714 LHSY hr [ - PCT/ US95/ 10364
. -12- V hr.[err] (based on fresh feed relative to
catal ysts) WOAFIY 534 n. 1.1.[err] (3000 scf/bbl) of once- thé(gffg%’waﬁr ogen

circul ation. Tabl e 3 and Figure 1 conpare the gasoline

hydr of i ni shing performance of the (1) HDS1&8md H ZSM 5 cat al yst

conbi nation and (2) HDS and Mo/ ZSM 5 cat al yst conbi nat i on.

Table 3 Process Performance Comparison with Heavy FCC Naphtha(l) 10
Heavy FCC CoMo HDS/ CoMb HDS/ Napht ha
H ZSM 5 Nb/ZSMS Stage 1 Te errﬂC . - . -38%
372 St age 2 ﬁp dat Pep%r@alne :Ln ble 3 and Figure 1 demgpgtrate

Days-on Str eghe :unprovement in activity slﬂﬁm’l by the d&t&lyéﬁ ofPthéuct

Anal - I
Ni t rg;gﬁ pﬁgge;xg invenqtionIBO For examplez, <]f1 the temgef;ature r%ng

Cct ane from 3456C4to 400°c, the Mo/Z2SM-D&atalyst Nbrodutesaae

Eéff'e?r] =2q er?Ts‘?riféFr pith dbodt 05 nqngélg hﬂéﬁ{& %{% qgtane t&zn e

B-2SM-5 cataly8t. ThisClagtdne @dvantageritramslates,spy,
100 approgzmgtely 6-8° C.Q%cﬂ;her catalyst activity of Mo/ZSM-5 '
over H-ZSM-5 (Figure 1). The Mo/ZSM-5 catalyst achieves
better back-end conversion- 'than H-ZSM-5 (Table 3). The
10 Mo/ZSM-5 catalyst also exhibits better desulfurization
ability: the product sulfur level is substantially lower
(270 ppm vs. 60 ppm, Table 3).

arch

Ex e 4
Performance comparison for C,+ FCC naphtha
15 This example illustrates the performance advantages of

Mo/ZSM-5 catalyst (Example 1) over a HZSM-5 catalyst
(Example 2) for producing low sulfur gésoline. - This
example uses a C,+ naphtha fraction derived from a fluid
catalytic cracking process (dehexanized FCC gasoline). The
20 experiments were condﬁqted at nearly identical conditions
to Example 3. _
The results are shown in Table 4 below and Figure 2;
they demonstrate the improvement in activity of Mo/ZSM-5
catalyst over HZSM-5. ' | '



25 W% 100 94.5 90. 2

Proces wt % Cl+C2 - 0.3

o wd b@/h'ﬂ'ﬁ«t | g PCT/USIS/Igses o
2.6 4.5 30 C5- 2093§rr]c 17.7

35.3 37.9 200-215[err] C 21.1 18.8

16. 8 215[err] C+ 61.2 _ 40. 4 35.5

Conversion, % 200[ err] C+ ' 28

36 35 215[ err] C+ : S 34 42

Hydr ogen Consunpti on - 130

155 ' : ndi tions:

4240 kPaa, Proced _ <o ¢ Gasolint®

PCT/U895/10364 c,+ Fcc _ . - 13- The

data contained in Table 3 and Fi gw@sdlmgonstr@bgo HDS/t heoMBPEBEFTENt 1N
actsvity shown by .the catalyst of thereed preseni-zismsnt i gg/zEmesexanpl e,
in the tenperature range from345[err]C to 400[err]C, tﬁe Mo/ ZSM- 5
cat al ysStageduc®emp S5, °*@asoline with-about 0.5 nugitrer hi gherapoad oct ane .
than th&tage 2HTEPS, ceoLal yst. This ©ct ane advant 49® transl| ages to

appr oxi Days r6-Srwean C hi gher catal yst activity a®.Wb/ZSM5 6.1 -over

H ZSM5 (Figure 1). The M/ ZSM5 catal yst achieves better back-end
conver s Bneduct AnaAyses (Table 3). The 10 M/ ZSM 5 cat alyst also exhibits
belPer & fUxyr iwh¥ i on 0.23 0.022° = 0.004°
Nitrogen, ppmw ' 86 <1 <1°
Research Octane 92.3 88.8 91.7 .
Motor 0ctqne 80.3 80.3 82.7
Ole iel wt
18  C,=+C,=+C,= - 0.93 0.50
Cs=+ : - 0.52 10.12
+ _Gasolin eld _
volg 100 - 92.6 92.7
wts 100 92.8 - 92.7
20 Process Yields, wt%
C,+C; _ - 0.3 0.3
Cs - 2.6 2.3
c‘ ’ : - : 407 4-7
~ Cs~165°C ' 65.9 63.3 66.3
25 165-200°C 19.1 17.3 15.8
200°C+ 15.0 12.1 10.5
Conversion, 165°'C+, % ' - 13 | 23
Hydrogen COnsuﬁxp. (n.1.1.7%) - 57
“62

30 * . Measured with a H,S stripped product
| Conditions: 4240kPaa, 1.0 hr."! overall LHSV

At 400°C, the H-ZSM-5 catalyst cannot recover the feed
octane. The Mo/ZSM-5 catalyst exceeds the feed octane at
400°C. The CoMo HDS and Mo/ZSM-5 catalyst combination also

35 exhibits better desulfurization ability, the product sulfur
level being substantially lower (220 ppm vs. 40 ppm, Table



ability: the product sulfur level is substantially |ower (270 ppm vs.

60 ppm Ta Exanple 4 Per f or mance conpari s r]+
FCC napht h&bégg)’”u This exanple illustrates the perfor nan?eb%,gégasﬁth%es
of Mo/ ZSM 5 catal yst (Exanple 1) over _a HZSM 5 cat al yst (Exanpl e
- 2) for producing | ow sul fur gasoline. ThT 15- exanple uses a (CJerr]+
“naphtha fraction derived froma fluid catal ytic cracki ng process
(dehexani zed FCC gasoline). The 20 experinments were conducted at nearly
i dentical conditions to Exanple 3. The results are shovvn in

Tabl e 4 bel Fi X

e oyt Y acfl Mo adiscs, ppthd5%s BIBVAY Gnidhe JBUHETERY L8

PCT/ US95/ 103faick~end conversion than H-ZSM-5 with only a slight

lable 4 incredb@CEASHIEIMEMRPE RO [BEBIE) W th CLerr] ¥ FCC Casol i ne

Cerr]+ FCC™ I ne CoMo HDS/ CoMb

HDS/ 5 . Feed H ZSM5 M/ ZSM5

Stage 1 Te amsiél & : 370 370 St age 2

Terrp Lser ])%S_L . 40Q ' 401 Days on Stream
Pepfqormance cgmparison ptodQw PLeAsSE& 10 Sulfur, w%

0-33 0.02ffiis exafipl@4illustriitiesodaiprovetlvstability of Mo/ZSM-

<1 <51 at low pressure where cat_élyst aging phenomena are
accelerated. '

The performance of Mo/ZSM-5 catalyst (Example 1) in
10 conjunction with NiMo hydrotreating catalyst is compared
with that of H-ZSM-5 (Example 2) in conjunction with CoMo
hydrotfeating catalyst. This example used another heavy
naphtha feed with a high bromine number of 25. The
operating conditions were temperature in the range of 345° -
15 ° 425°C , 1310 kPaa (175 psia) H,, 1 hr."! LHSV, 356 n.l.1l"
(2000 scf/bbl). :



Research Cct ane 92.3 88. 8 91.7 Mbt or

Cct ane 80.3 . 80.3 82.7 Aefin Yield,
w0 15 O = - 0. 93 PCTUSISAG36Y, .
Co=+ - 0. 52 0.12 Clerr]+
Gasol i ne Yiel ds vol % 100~16- 92.6 92.7

wt % 100 92.8 92.7 20 Pr ocess
Yields, w% C1+C2 - _ 0.3 - 0.3
C3 . 2.6 2.3 (o7}

- 4.7 4.7 65 err] C : . 65. 9

“a 3 | o ‘F%bi [5 e 2,

15. 8 a(ip) 5
Conversion, 165[err]C+, % - Heavy FCC ‘Hydr ogen

Consu n.1.1.[err]) rr]
I\/eaSUrrgd(vm th a[ H2S stri pped product phtha Egg Epgé sﬁ%ﬁ&éa 1.0
.[err] overall LHSV r] C, t cannot
recover sthge aedtemp., 0t ane. The M/ ZSM 5 cat al ysh xceeds tf&:sfeed oct ane
at . StAdjec2r Memplhe @M HDS and MalZSM 5 catal y g conbi najson al so 35
exhi bi t Dalyst bar stxwddf urR¥Btion ability, the producg-;sul fur | evel
bei ng sDbysaon atneamwRx 220 ppm vs.- 40 ppm Tabl g2 96/ 07714
PCT/ US95/ 10364 :

Product Analyses : '
Sulfur, wt% 1.2 _ 0.004"

Nitrogen, ppmw 150 6’ 7° ‘
. Research Octane 92.7 93,5  95.5
Motor Octane L ' 80.6 81.4 83.2
15 C.+ Gasoli jelds |
vol% 100 97.0 96.9 S
wts . 100 95.5 - 95.7

Process Yields, wt$

20 G, - 1.5 1.5
c, _ - - 2.0 3.0
C,—-165°C - 6.9 20.5 17.3
165-200°C 15.9 20.1 16.4
200°C+ . 77.2 54.8 60.9
25  C,=+C,=+C,= - 2.2 0.9
C, Olefins wt% - 1.0 0.5 |
165°C+ Conversion, % - 19.6 17.1
Hydrogen Consump., N.L.L.>? - 53
75 '
30 T Measured with a H,S stripped product
1 Conditions 1690 kPaa, 0.95 hr.™! overall LHSV (1 9
over each catalyst bed), 390 n.l.1.7? hydrogen
circulation
2 - Conditions 1790 kPaa, 0.78 hr."! overall LHSV (2.5
35 over the first catalyst bed and 1.1 over the

second bed), 390 n.l.l.- hydrogen circulation.

The Mo/ZSM-5 catalyst exhibits good gasoline upgrading
capability at low pressure in conjunction with a NiMo
hydrotreating catalyst. As shown in Figure 3, NiMo HDS/Mo



-15- 4). The Mo/ ZSM5 catal yst achi eves nuch greater 165[err] C+

back-end conversion than HZSM5 wth only a slight I ncr by rr
consunpt [ onWP'PéﬂT’HM) : Exanple 5 5 Per f or mance Conpafla‘g'?rslbge)&WW !
pressure This exanple illustrates inproved stability of M/ ZSM
5 at | ow pressure where catal yst aging pM&d8nena are accel er at ed.

The performance of Md/ ZSM5 catal yst (Exanple 1) in 10 conjunction with
Ni Mo hydrotreating catalyst is conpared with that of HZSM5 (Exanple
2) in conjunction with CoM hydrotreati ng catal yst. This exanpl e used

anot her heav napbt ha feed . wi th a hi.gh brom .25, Th
operating co%%“f?oﬁggagyé%tEﬁﬁ%ﬂﬁﬁﬁﬁéhr#ﬁbﬂf;é§%é5%$ggﬁgi¥0§%sﬁe£2SFerr]C
, 1310 kPaa 4éfbvisiyathhn, CoMar HDS/H-2SM5. 35fthen. H-23M+ 5] catalyéR0ves
;E;;ng%)103%ﬂ streamWEB%ﬁﬁ%Lék% than the Mo-ZSM-S._lﬁyen allowing for

Table 5 thePdbfferencel dnmiime Canstiream, \the NiMosMecZSMaphsNstem)

Heavy F&C g 20-30°C more active (?his 5%%4%&%%4adVQBQQ%HDﬁbuNENb HDS/
5 _ . Feed H'ZSM 51 Mo/ ZSM 52
1ncrease_the operating window for low pressure

applicationSa An octane recovery at the feed level was
observed at 350°C. Hydrogen consumption is higher with the
new system, possibly because of the increased
10 hydrogenation capabilities of NiMo vs CoMo HDS catalysts
(Table 5). | | |
At a.given octane, the conversion with the Mo/ZSM-5
system is lower than with ZSM-5 due to the different
reactor temperatures (Table 5). At constant reactor
15 temperature, the conversion is higher, consistent with
Examples 3 and 4. The C; olefin make is also lower with
the NiMo/Mo-ZSM-5 system.
The data contained in Figure 4 show that the NiMo
HDS/Mo-2SM-5 catalyst system is substantially more stable.
20 After one month on stream, this catalyst system has aged
about 28°C while the CoMo/H-ZSM-5 system aged more than
55°C (data normalized to feed octane at 9°C/octane).

Exa e 6
Desulfurization performance comparison for a'CfF.Fcc
25 naphtha (dehexanized gasoline). This example illustrates
the desulfurization advantage of the Mo/ZSM-5 catalyst
(Example 1) over HDT alone or in combination with ZSM-5
catalyst (Example 2) for producing low sulfur gasoline.
A sulfur GC method was used to speciate and quantify
30 the sulfur compounds present in the gasolines using a
Hewlett-Packard gas chromatograph, Model HP-5890 Series II
equipped with universal sulfur-selective chemiluminescence
detector (USCD). The sulfur GC detection system was
published by B. Chawla and F.P. DiSanzo in J. Chrom. 1992,
35 589, 271-279. |
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Stage 1 Tenp., [err]C - 400 345 St age 2

Tenp. , - 413 357 ream
R woelirfia 87 7 Days on@@gﬁ]ﬂ’% ,
- 32 7 10 Prqduct Anal yses Sul fur, w%
1.2 0. 004* ~N8r ogen, ppnw 150
6* Y 4 Research Cct ane 92.7 93.5
95.5 Mot or Cct ane 80.6 81.4 83.2 15
C5+ Gasoline Yields vol % 100 - 97.0 96. 9
$?Zids, mﬂquhe daai+85ntaine&“¥%-Table 6 ééhéhsgrategéhg.' 0.3Process
0.2 20 improvement in desulfurization and octane recdgvéry - 1.5
4 3. .
5. 165[aer:.1:1.v1.1:1.es shown by the6 cgatalyst of 2%:% presen?w.:.gventlon
165- 200f@¥ r fis FCC naphtha. 15 g 20. 1 16. 4 200[ err] C+
77.2 . 54.8 60.9 25 C2=+C3=+C4= : -
2.3 0.9 C5 Aefins w% pable 6 - 1.0 _
0.5 165[ er r] Cea@alwets iBEffedt on Desulfurized GasoliBeb 17.1
Hydr ogen Consunp., N. L.L.[err] For €,+ FCC Naphtha - 23 75 30
Measured with a H2S stri pped product Condi tions 1690 kPaa,
0.95 hr.[err] overall LHSV ptro@luct from Produverferamh ®tadwst fwch,
390 n.1.1.[err] hydrogen - HDS only ci rHDS Af+28M-5 = HDS/Mb-ZSM-5
C3@di ti ons 1790 kPaa, 0.78 hrBasercasecral | Casiade Gagé Cascade casever
the first catalyst bed, and 1.1 over the ' second bed) , SQQ'[
n.1.1. '@rrge@yﬂemgeRXéKFGGIat|0ﬁ7° 370 . 369
ed Temp Rx2( C) Nil _ 370 370
Research Octane 77.3 81.3 . 81.3
Motor Octane _ 71.5 74.7 - 75.2
15 Total RSH, ppm 0 : 24 : . .5
Total Heavy S, ppm 172 194 _ - 65
Total HC Sulfur, ppm 172 218 - 70

Table 6 compares the sulfur level and octéne of

gasoline samples from the (1) HDT alocne, (2) HDT and ZSM-5

20 catalyst combination, and (3) HDT and Mo/ZSM~-5 catalyst
combination. The HDT and Mo/ZSM-5 combination clearly
exhibits superior desulfurization activity. For example,
at 370°C, the Mo/ZSM-5 catalyst produces gasoline with:70
ppm total sulfur while HDT alone produces 172 ppm S and

25 HDT/ZSM-S produces 218 ppm S gasoline. The mercaptan level
of Mo/ZSM~5 is much lower than that of 2ZSM-5 (24 vs. 5

ppm) .

Example 7 _ -
Desulfurization performance comparison for a heavy FcC
30 naphtha
This example illustrates the desulfurization advantage
of the HDS/Mo-ZSM-5 catalyst combination over HDS/H-ZSM~5
catalyst combination for producing low sulfur gasoline for



The Mo/ ZSM 5 cat al yst exhi bits good gasoline upgradi ng capability at

| ow pressugm, ¢ junction with a Ni Mo hydrotreating cgicinnk1036$
shown in F@u@@?pM Mo HDS/ Mb WO 96/ 07714

PCT/ US95/ 10364 - 17- ZSM 5
catal yst conbination shows significant!y~#gher ‘activity than CoMb
HDS/ H- ZSM 5. The H ZSM 5 cat al yst was on stream for |onger than the
Mo- ZSM 5. Even all ow ng for the difference in time on stream the

Ni Mo/ Mb- ZSM 5 system 5 is 20-30[err]C nore active. This activity

advant age V\D'EIL% heaytyii PEECAIBRLAS %@%@t%%ﬁnﬁ%ﬂ’ :{Ng; oY P%%éﬂ:’ée re

applications” An"oCtane Tecovery at t erved at
350[err] C. HyivemeincBabdep?i beliow.hi gher with the new system
possi bly because of the increased 10 hydr ogenati on capabilities of N M
vs CoMb HDS cat al ysts (Tabl e 5). At a given octane, the
conversion with the M/ ZSM 5 syst éfabke | Dwer than with ZSM5 due to
the different redeatalystoBEfegkoon Pesud furized Gasgline rcactor 15
tenperature, the conversion i sEREgHEAVYELL Haphtha (1 Exanpl es 3 and
4. The C5 olefin nake is also |ower with ~_ the N Mo/ M-ZSM 5 system
The data contained in Figure 4 show t HEECYHEE Ni I\/&r<> uc*ﬂDS/fo)‘? 5
catal yst systemis substantially nore ﬁ_} le. 20 er one Q%h on .
stream this catal yst system has aged o about _rg]C ' sulde
CoMb/ H.ZSM 5 system aged nore than err]C or to feed
oct ane 1a%t 9[err]C octane). Exa —'%sul 2<a I on
perf.ormance £ONPRLESABRpORXE (“6§ FCC 370 370 370

ABT Rx2(°F) ‘ Nil 370 371

Research Octane | 91.3 96.8 97.2

Motor Octane 79.4 83.7 - 84.3

15 Total Mercaptans, | pPpm o 252 31

Total Heavy S, ppm 174 155 179

Unknown S, ppnm 2 12 4

Total HC Sulfur, ppm 176 419 214

The data in Table 7 demonstrate the improvement in
20 desulfurization activity by the Mo/ZSM-5 catalyst. For
example, at 700°F, the Mo/ZSM-5 catalyst produces gasoline
with 214 ppm total sulfur while HDT alone produces 176 ppm
S and HDT/ZSM-5 produces 419 ppm S gasoline. The mércaptan
level of Mo/ZSM-5 is much lower than that of ZSM-5 (240 vs.
25 31 ppm). ' )

The main mechanisms for the excellent desulfurization
of Mo/ZSM-5 catalyst is believed to be by suppression of
mercaptan formation and possibly by cracking of heavy
sulfur species. The Mo in the Mo/Z2SM-5 catalyst may

30 saturate the olefins and hence hinders the recombination
reactions which would tend to mercaptan formation.

SUBSTITUTE SHEET (RULE 26)



25 napht ha (dehexani zed gasoline). This exanple illustrates t he

desul f advant age of the M/ ZSM 5 cat al yst ﬂ@ﬁﬁ@% over
HDT a|§ﬁ%i@Ph?ﬁ conbination with ZSM5 - catalyst (Exanple é %%r
produci ng | ow sul fur gasoline. A sul fur GC nethod was used to
speci ate and quantify 30 t he sulfurz%onpounds present in the gasolines
using a Hew ett - Packard gas chronmat ograph, Mdel HP-5890 Series |

equi pped wi.th universal sulfur-selective chem | um nescence det ect or
(USCD). The sul fur GC detection system was publ i shed by B. Chawl a and
F.P. D i . Chrom 1992, 35 589, 271-279. . .. WD 96/07714
PCT/US9§%%@§%££J§ The

data coFexfee@ancer fAupar ikopnketyeent geolite bﬁplaoméemeqhte

dESULfUBSEBB‘Wiﬁﬁ“tdﬁéﬁ”ﬁhﬁﬁ@?&efaﬁd activities shown by the catalyst
Tabl o 6 For Bils'Cohpagiepge s crpuinasniBe3ac & cAkeTRIRTR

Tabl e 6
- Fors ([ ewials+ used Naplthe feed. Its propertles are give#udin frialle s Product
from P§%ﬂ#’§} from HDS only HDS/ H ZSM 5
HDS/ Mo °10 Base case Cascade case Cascade
case Av. Bed Tenmp Rxl (O TaBlIe 8 _ 370 369
Av. Bed Tenp Rx2([errEBQ2EBIIE§_QE_QQSEB_HAEHEH§L_EEQ 370
Research Cct ane 77.3 81.3 Mot or
Cct ane General Pr ie 74.7 75. 2
10 Nominal Boiling Range, °C 40-180 ‘l
Specific Gravity, g/cc 0.742 : '
Total Sulfur, wt% - 0.7
Nitrogen, ppm 71
Bromine Number 72.0
15 Research Octane - 68.0
Motor Octane - ' 60.6
Distjllation, °C(D2887)
IBP 21
: 5% ' ' . 37
20 10% ' 59
30% 96
50% ' 123
70% T . 147
90% ’ 172
25 ' 95% 177
EP _ . 212

This coker naphtha was treated over the same CoMo
hydrodesulfurization catalyst used in preceding examples in
_ a cascade operation at 4240 kPaa (600 psig), 534 n.l.l1l.°
30 (3000 scf/bbl) H,/0il ratio, 1.0 hr.~?! overall LHSV, using
temberatures at about 370°C in the hydrotreating stage and
vafying temperatures in the second (Mo/ZSM-5 stage). The
same naphtha was also treated in the same way but using a
Mo/zeolite beta catalyst in the second stage. The
35 Mo/zeolite beta catalyst contained 4 weight percent Mo,
based on the total catalyst weight. The operating
conditions, comparable to those used for the runs with the
ZSM-5 catalyst, are shown in Table 10 below, together with
the results with this catalyst.



Y5 Total RSH, ppm 0 24 5 Tot al

Heavy S, ppm 172 194 _ 65 Total HC Sul fur,
ppm 172N0 96/07714 218 70 | Tabl e PCHHB%Y10364 1o
sul fur level and octane of gasol i ne sanples fromthe (1) HDT al one,
(2) HDT and ZSM5 20 catal yst conbi nat i=@%= and (3) HDT and Mo/ ZSM 5
cat al yst conbi nation. The HDT and Mo/ ZSM5 conbi nation clearly
exhi bits superior desulfurization activity. For exanple, at 370[err]C,
the Mo/ ZSM 5 catal yst produces gasoline with 70 ppmtotal sulfur while
HDT al one produces 172 ppm S and 25 HDT/ ZSM 5 produces 218 ppm S
gasoline. The nercaptan | evel of _WZSI\@S i's much |ower than that of
ZSM5 (24 vs. 5 pﬁghrading gé%%te Naphtha ﬁ%\‘.—l_&%ﬁlﬂ@*gn_ |
performance conparison T0r a heavy nap a hi s exanpl e
il lustrates the desul furization advant age of .t DS/ Mb- ZSM 5 cat al yst
combi nati on er HDS/ H- ZSM 5 caﬁ%@st C : FeRIcing | ow
sul fur gasol E gﬁog Temp. ’ 5/\0 96/ 07714 g_ng 430 71
PCT/ US95) 103§%39e 2 Temp., - -19- gﬁé heavy
FCC napht ha ggﬁugﬁ %g%g;‘g S The results a2 _ g?(l%n in Tablré 7 bel ow.
Table 7 Sulfur, st Effed:.t7 on [E.Sbléé-url zsgoggsol iNg . g12°
: Nitrogen, ppmw 71 <1° <1’ 7"
10
. Research Octane 68.0 42.8 68.7 78.4
Motor Octane 60.6 44.3 66.0 75.0
Olefin Yield, wt% |
C,=+C,=+C,= ' - 0.2 1.4 1.2
15 Cs= - 0.2 0.6 0.4
C.+ Gasoline Yields
vol% 100 100.3 79.3 _ 68.8
wt¥ 100 98.8 78.1 68.4
Process Yields, wt$% ' _
20 C,+C, - 0.1 1.1 2.2
C;, - 0.4 9.0 13.8
C, ' _ - 1.0 12.4 16.4
C;=-150°C 71.3 71.4 61.7 52.0
150°C+ 28.7 27.4 16.4 16.4
25 150°C+ Conversion,% - 11 47 47
Hydrogen consump., - 71 107 142
n.l.1.7?

* Measured with a H,S stripped product _
30 Conditions: 4240 kPaa, 534 n.l1.1.”' , 1.0 hr."! overall LHSV
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5 For Heavy FCC Napht ha(l)

Pr odu duct Pr oduct of
iy Cvo 9607530 DS DS/ Pcrl_ﬁgfg’l’iom '
only HZSM 5 MbZSM 5 10 Base Cascade
Cascade Av. Bed Temp Rxl (C)  =22=370 370 - 370 ABT
Rx2([err]F) Ni | 370 371 Research Cct ane

91.3 96. 8 97. 2 Mot or Cct ane 79.4 83.7
84.3 15 Total Mercaptans, ppm 0 252 31 Tot al
Heavy S, ppm 174 155 mapie 10 179 Unknown S, ppm

2 12 Undkading of TEbRd gg.én.,f Wlsh PBMRETA 176 419

214 The data 1n Table 7 denonstrate t e I nmprovenment in 20

desul furization activity by hee Mo/ ZSMS cat aI' m)slior exanpl e, at
700[err]F, the Mo/ ZSM 5 cata pr with 214 ppmtotal
sul fur wakh&e HDFemfg.ONec pr oduges 176 F%I f nd Hpld ZSM 5§p oducesh419
ppngS ga e rcaptan 0] frZSM S muc iower t han
that of %gk/étg%(g n@ 31 ppn. 344 ¥ 5?6 mechah? sms f or t he
excel | enbage son éuféaaat i on - of MJ/ZSW S cabatyst2os beligyed to be by
suppr essi on of nmercaptan formation and possibly by cracking of heavy

sul fur spsedust Amalyses in the Mo/ ZSM5 catalyst may 30 saturate the
ol efi ns an8ulamweewt nders t heO+recont@.9861 on 0.005° r @a€ld9°ons whoEh woul d tend

t o nmercapt, L.Qn. WO 96/ Q7714 . .
PCT/ USO5, 1@%&%&?%% o ? Y20 oo
10 : ‘
Research Octane 68.0 42.0 43.3 52.8 51.6
Motor Octane 60.6 43.8 46.0  52.9  52.9

Olefin Yield, wt$%

C,=+C,=+C, = - - 0.2 - 0.6 0.6 0.6
15 Cy=+ 39.9 0.1 0.3 0.3 0.3
C.+ Gasoline Yields
vols ' 100 97.7 94.4 92.9 - 93.4
wts 100 96.6 93.1 92.7 92.4
Process Yields, wth )
20 C,+C, - - - 0.1 0.2 0.2 0.2
C, - 0.6 1.3 1.3 1.4
C, - 2.9 5.6 5.7 6.1
C,~150°C 71.3 71.4 71.3 69.7 71.9
150°C+ 28.7 25.2 21.8 23.0 20.5
25 Conversion, %
150°C+ - 19 30 26 34
Hydrogeg qonsump., - 71 89 53 71
Measured with a H,S stripped product
30 . Conditions: 4240 kPaa, 535 n.l.l.”’, 1.0 hr."’ overall LHSV

The results in Tables 9 and 10 show that the
combination of the hydrodesulfurization catalyst and the
Mo/ZSM-5 can produce desulfurized gasoline with a road
octane number of 77 at about 68 percent yield. By

35 contrast, the zeolite beta catalyst can only improve the
road octane number to 53'a1though both catalysts produce
'_low sulfur gasoline range product.
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Example 8 Per f ormance conpari son between zeolite beta and zeolite

ZSM5 Wt pht ha Feed For this conpari son,
40-180[erﬁrg%§§@3yanaphtha 5 was used as the feed. Its propgggpggyg?§4
~given in Table 8 bel ow. Table 8

PROPERTI ES OF COKER NAPHTHA FEED GEfdral Properties 10
Nom nal Boiling Range, [err]C 40- 180 Specific C?aV|ty
g/cc 0.742 Total Sulfur, w% 0.7
ygtgoggn, ppm 71 Br om ne Number

: Research Cctane 68.0 - Mot or
Cct ane Claims: 60. 6 Distillation, [err](D2887)
| BP 1. A process oflupgrading a cradked, olefinic
37 20 1 30%
96 sulfur géﬁtalnlng feed fraction b0111ng5%h;the gasoline 0%6
147 boilingopange by hydrodesulfurleng the sydfuyx-containing g5y
177 da fraftion to produce an intermediate ¥roduct comprisihys
coker naphtha mas treated over CoMy hydr odes Ifu |zat|on
catal ys® used mWEQKdMQ“éQamlI% Whl"ha %&oﬁe‘ﬁ'b%?‘gt?'é TUr 4240

kPaa (600 p%&\teﬁ@‘laﬂdlalrbﬂhbbd3@cta(x@(iﬁmmﬁn‘ {8 )cdidpiéd rvdi thelfbed
Jerr] overqé LHSV, . usi n

t t t__about_ 3 h
Pyl of et | S SEREARELRS " the, snsh] Tha e tiind <Y ROLELER (O EVERS S 5
stage). The 1nterﬁédﬁaﬁapbrbauw&swdkmoHMWanxdicrcaﬁmiystmcamprbalngsang a

Nb/%eolite betéecat X%E bgrgh%iigp@@%fﬁf@?iténginvert it to a gasoline
10 boiling rénge product having a higher octane number than
the gasoline boiling range fraction of the intermediate
product, characterized in that
the intermediate pore size zeolite is used in combination
with a molybdenum component.

2. The process as claimed in claim 1 in which the
zeolite catalyst is a ZSM-5 catalyst comprising zeolite
ZSM-5 in the aluminosilicate form. '

3. The process as claimed in claim 1 or 2 in which
the intermediate pore size zeolite catalyst includes from 1
to 15 weight percent molybdenum by weight of the catalyst.

4. The process as claimed in any of claims 1 to 3 in
which the intermediate product is contacted with the
intermediate pore size zeolite catalyst at a temperature of
150 to 480°C, a pressure of 170 to 10,445 kPaa, a space

5 velocity of 0.5 to 10 hr.” LHSV, and a hydrogen:hydrocarbon
ratio of 0 to 890 n.1l.1.7.

5. The process as claimed in nay of claims 1 to 4 in

which the total sulfur content of the product fraction
boiling in the gasoline boiling range is not more than 100

| A T
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35 Mb/ zeolite beta catal yst contained 4 weight percent M, based on

the t | yst weight. The operating condi tions eto
thoseoﬁgeg ﬁ?@? the runs with the ZSM 5 catal yst, ar gc‘si‘ OVV%E(?E* Table 10 =
bel ow, together wth the results with this catal yst. WO

96/ 07714 o m2a- PCT/ US95/ 10364

-21- : Table 9 Upgr adi ng
of Coker Naphtha with M/ ZSM 5 :
CoMoHDS/ Mo/ ZSM- 5 Stage 1 Tenp., [err]C - 372 . 370

371 5  Stage 2 Tgnp, . LELr b clajmed in éxf@f clajinéog to 5 in ot

Days on Strean
Anal ysesshich th&uféed, hast@a sulfur content of (@H*leagt 096*ppmw(. ah2*

Ni troge 7 * * % , earch
Gt ang. PLEPH contens 3e at Thast 5 perchpt and a d5 Mrcent poffitcd’ c

60.6 Af Bt leasgelf0°C. 75 ¢ Oefin Yield, w%

C2=+C3=+C4=_ - 0.2 1.4 1.2 15 . Ch=

- 0.2 0.6 0.4 C5+ (Gasqline Yields . vol % ,
100 100.3 7- Thesprocess;asg claimed wih,claim 6 in which “160 98. 8

78.1 feedBfraction hascasssYperdent\pbizit of 4 +I&ast 175°C, an
8% ole_éix% contentzb% 10 to '283weight percent, a sulfur congéﬁt

from 100 to 5,000 ppmw and a nitrogen content of 5 to 250
ppmW. _ - - ‘

T

SUBSTITUTE SHEET (RULE 26}

o~



cA 1.0 12. 4 16. 4 C5-150[ err] C

'71.3 71 ' 1.7 52.0 150[ err] C+ 7 7.4
:16. 4 - 4%8.93/07723 150[ err] C+ Conversion, % - 1&(:1%895/10;@
47 . Hydr ogen consunp., - 71 107 142
n.l.l.[err] * Measured with a H2S stripped product 30 Condi ti ons:
4240 kPaa, 534 n.l.l.[err] , 1.0 hr.[eqrfoverall LHSV WO
96/ 07714 PCT/ US95/ 10364
-22- : Tabl e 10 -
Upgr adi ng of Coker Naphtha w th M/ BETA ) Feed
CoMb HDS/ _ : Mo/ Bet a
Stage 1 Tenp., [err]C - 344 371 - 375 37 5
Stage 2 Tenp., C - To 344 370 400 413 Days
on Stream - '? 27.4  28.4 29. 4 31.4 » PR duct
Anal yses Suig ur \ g% 0.7 0.005*  0.805* 0.[p19*
0. 009 Ni t r oen, 71 1* 1© g <1*
10 Resear ch' Cct 68. 0 42.0 43.3 np2.8 51.6
Mot or Cct ane ?@. 6 43.8 46.0 52.9 532%9
Oefin Yield w% hl o ?
N ~
=)
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C2=+C3=+CA=

ANVIO0 avod +S8J

SUBSTITUTE SHEET (RULE 26)

- 0.2 0.6 0.6 0.6 15 Co=+
39.9 0.1 .3 0.3 0.3 C+GasoI|n
~vol % WO09607714 100 97.7 94.4  92.9 etz
- 100 96. 6 93.1 92.7 92. 4 Process Y| eI ds, w % 20
Cl1+C2 - 0.1 0 2 0.2 0.2 C3
- 0.6 1.3 1.3 1. 42 4 _ -
2.9 5.6 5.7 6.1 C5 150[err]C 71.3 71.4
71.3 69. 7 71.9 150[ err] C+ 28. 7 25. 2 21.8
23.0 20.5 25 Conversion , % 150[ err] C+ 4
19 30 26 34 e Hydr ogen consunp. |n71
89 53 7 | Measured vvlth a H[err]S strl pped groduct
30 Coné?t'ons 4240 kisa, 535 n.l.l.[err], 1.0 hr.[err] overall
LHSV = 5 i nNTabl es 9 and 10 show that the =3
conbi nation of t NurFzati on catal yst and the Mo/ ZSNR5 can
produce desul furi h a road oct ane nunber of 77 jat
about 68 percent Qield contrast, the zeolite beta catal ys§ can
only inprove the roathoct ang nunber to 53 al though both catal ysts
pr oduce | ow sul fur gaso q:e pr oduct . WO 96/ 07714
PCT/ US95/ 10364 - 23- = C ai nr#E
1. A process of upgrading a crackeg sul ful@contai ning feed
fraction boiling in the gasoline n
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b6i|ing range by hydrodesul furizing the sul fur-containing feed
fraction toyphegisssan i nternmedi ate product conprising 5 a r}(,%é'(r@sl@léé%“

| bquid fraction ich has a reduced sul fur content and a
oct ane nunber as conpared to the feed and contacting the gasoline
boi ling range portion of the intermedi ate product with an acidic
‘catal yst conprising an i nt er medi at re size zeolite, to convert it
to a gasoline 10 boi | i ng range product having a hi gher octane nunber than
t he gasoline boiling range fraction of the internediate pr oduct,
characterized in that the intermediate pore size zeolfge is used in
conbi nati on with a nol ybdenum conponent. 3. The process
as claimed in claim1 in which the zeolite catalyst i a ZSM5
catal yst conprising zeolite ZSM5 in the alumnosilicgie form
3. The process as clainmed in claim1 or 2 in which the internediate
pore size zeolite catalyst includes from1 to 15 metgﬁ& per cent.
nol ybdenum by wei ght of the catal yst. 4, Thgéprocess as
claimed in any of clainms 1 to 3 in whi ch the internmedrate product is
contacted with the internedi ate pore size zeolite cat2] yst at a
t enper at ure of 150 to 480[err]C, a pressure of 170 t 0, 4 kPaa, a
space 5 velocity of 0.5 to 10 hr.[err] LHSV, and a hydﬁgben 9 dr ocar bon
ratio of O to 890 n.l.l.[err]. 5. The processg@sjclained in
nay of claims 1 to 4 in which the total sulfur conten& t he product
fraction boiling in the gasoline boiling range is not b than 100
ppmw. WD 96/ 07714 noN
PCT/ US95/ 10364 4 2]
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$24- 6. A process as clained in any of clainms 1 to 5 in which
the feed has a sul fur content of at |east 50 ppmw, an ol efi f at
| east 5 peMAMOTZHY a 95 percent point of at |east 160[err]gcii‘lmbﬁm:“;‘P 7.
The process as clainmed in claim6 in which the feed fraction has a 95

- percent point of at least 175[err]C, an olefin content of 10 to 20 wei ght

percent, a sulfur content from 100 t045,goo ppmw and a nitrogen content of
51to 250 ppmw
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FIG. 4

o AGING OF NiMo/MoZSM-5 50 °F/MONTH
O AGING OF CoMo/MoZSM—5 120 °F/MONTH
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