WO 2005/ 061677 PCT/ CN2003/ 001107 A Process For Reducing Sul fur And

O efin Contents In Gasoline Technical Field The present invention

rel ates toweopwsoasws for refining hydrocarbon oils in tga/qNessnner
of hydrogen. In particular, the present invention relates, to a
process for reducing sulfur and olefin contents in gasoline.
Background of the invention Wth the increasing concern for the world
envi ronnent protection, the harnful conponents in the exhaust gas of
autonmobiles will be controlled stringently. In response to such
controls the quality of the fuel is required to be higher and
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vapour pressure, benzene content, total aronatlc content, boiling
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CAAA (USA) that, in nine nost sEREFEISEIhGHEdCed states, by the year
2004, the sulfur content in RFG (Refornulated Gﬁsollne) be | ess than
30 ppm § 9
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Aut omobil e Gasoline in China wth Tier Il quality standard of

((World-wide Fuel Charter)) , it can WO 2005/061677 PCT/ CN2003/ 001107

be concl uded that the main_probl em about the autonobile gasoline-
Background of the invention

With.the increasing concern for the world envircnment protection,
the harmful components in the exhaust gas of automobiles will be
controlled stringently. In response to such controls, the quality
of the fuel is required to be higher and higher. Thus, many countries
have brought forward strict limitations on the quality of automobile
gasoline, for example: oxygen content; vapour pregsgure, benzene
content, total aromatic content, boiling point, clefin content,
gulfur content etc. Thus, it is required by CABRA (USA) that, in nine
most severely polluted states, by the year 2004, the sulfur content
in RFG (Reformulated Gasoline) be less than 30 ppm, and the olefin
content be less than 8.5%. The European,Pafliament also enacted an
act which required that, by 2005, the sulfur content and olefin
content in the gasoline be less than 30-50 ppm and 18% respectively.
Accordingly, it is an important subject in the petroleum refining
industry how to further reduce sulfur and olefin contents in

gasoline.

By comparing the current Standards for Automobile Gasoline in China

with Tier II quality standard of {World-wide Fuel Charter) , it can



quality in China is the high contents of sulfur and ol efins. High

| evel s of sulfur and olefins in the autonobile gasoline is mainly

due to thewomhs/peportion of the fluidized catalytic creriiNngsHOD)
gasoline in the gasoline pool. In China, the FCC gasoline is a main
bl endi ng conponent, accounting for nore than 80%in the gasoline

bl endi ng pool. The FCC gasoline contains high |evels of sulfur and

ol efins, especially when the feed of the FCC becones heavier; thus,
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relatively Iom/con ent of aromatics. Figure 1 schematically shows
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t he satura I'on degr thereln as the gasoline
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seen that, with the ol efins belgg saturated h
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RON | oss of the gasoline product is 12.3 units; when the olef ins
are conplét gpyfur and olefins in FCC gascline.

It is true that the conventional hydrogenation processes can be used
to substantially reduce the contents of both sulfur and olefins in
FCC gasoline. The hydrogenation process, however, results inolefins,
high octane-number components, being saturated. Consequently, this
process leads to heavy octane number loss, especially in the case
of a gasoline with a relatively high content of olefins and a
relatively low content of aromatics. Figure 1 schematically shows
a relationship between the octane number loss of a typical FCC
gasoline, with high olefin content and low aromatics content, and
the gaturation degree of the olefing therein as the gasoline
undergoes conventional hydrorefining. From the figure, it can be
seen that, with the olefins being saturated higher, The loss of octane
number of the gasoline product becomes higher. when the olefin
content is reduced to 19.3% by volume from 49.3% by volume, RON loss
of the gasoline product is 12.3 units; when the olefins are completely
saturated, RON loss of the gasoline product' is 23.5 units. Obviously,

it is more difficult to recover the octane number of the FCCgasoline,
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saturated, RON |l oss of the gasoline product'is 23.5 units. Cbviously,
it is nore difficult to recover the octane nunber of the FCC

gasol i ne, WD WosBA6H 061677 PCT/ CN2003/ 001107 w t h hi glrcalaz003/001107
content and | ow aromati cs content, when processed by conventi onal
hydrorefining process. In viewof this, thereis a need to develop a
process for treating FCC gasoline to reduce its contents of sul fur
and olefins with m ninumoctane | oss. USP 5,411, 658 di scl oses a

gasol i ne whyHriorg idliefid npeOceSs; aQanpPew sirvgatenpl oyitenta whadighiaralsed
hydrorefi ning catal yst to_hydrorefine FCC gasoline, and.hen .
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hi gh hydroneénhe ngt t snpbratande carding usi pakenimgy argananeedl - of
aromatics saturated. As a result, RON octane nunber decreases
substantially in the final product and is hard to restore. USP
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separating step; the gas with hydrogen sulfide, nitrogen, etc |
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separator between the first and second stages, thus_in asing the
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USP 5,599,439 discloses a process for upgrading gasoline and
‘reformate. The process comprises, in a first stage, hydroxrefining
the feed to remove the impurities of sulfur, nitrogen etc and saturate
olefing. Then the effluent from the first stage is subjected to
intermediate separating step; the gas with hydrogen sulfide,
nitrogen, etc removed is directly recycled to the first stage, and
the intermediate product oil enters the second step where it
undergoes octane number restoring process ina fluidized bed reactor
with no fresh hydrogen introduced therein. This process introduces
a separator between the first and second stages, thus increasing the
capital investment. In the meantime, the process employs a low
operation pressure which adversely affects the long-term operation

of the catalyst.

USP 5,391,288 discloses a gagsoline upgrading process. In the process,
the feed comprises the mixture of FCC oil and benzene-rich fraction
o0il isolated from the effluents of the reforming procegs. The process

includes two reaction steps. In the first step, the feed material
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of the catalyst. USP 5,391,288 discloses a gasol i ne upgrading
process. In the process, the feed conprises the m xture of FCC oi
and benzen®so toesiodieacti on oil isolated fromthe effl uerCyscmboosheior
reform ng process. The process includes two reaction steps. In the
first step, the feed material 3 WD 2005/061677 PCT/ CN2003/ 001107
under goes hydrorefining to reduce the contents of the inpurities,
such as sulfur, nitrogen etc, and at the sane tine to saturate

ol ef i ns uhbBeouods hydiregeiahiog.td retiheesetonhmstemys thetled fimpemitieam

the first step is subjected to octane nunber restorjn reat nent .in
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aromatics. The process adopts a relatively | ow space velocity in the
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step where 1t undergoés octane nunber restoring. The first step.i
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Nevert hel ess, i to-t i reaction tenperature in the first
step, in %ﬁg F?%%zg%ﬁ%%ﬁggmgkggﬁé process, a |arge anount of

nmercaptan sulfur remains. Wth gasoline feedstocks with a relatively

O ks hed 09 POl oo & SV E Y A b8V Lol b8 PIME Arne
process includes two steps. In the first step, the feedstock is
subjectedtohydrogenatiantoremovesulfurandnitrogenandsaturate
the olefins. The product from the first step directly entexs the
second step where it undergces octane number restoring. The first
step is operated at a high temperature, similar to that of the second
step. Nevertheless, owing to the high reaction temperature in the
first step, in the final product of the process, & large amount of

mercaptan sulfur remains.

With gasoline feedstocks with a relatively low final boiling point,
a relatively high level of olefins and a relatively low content of
aromatics, the above-mentioned processes, when applied to reduce
aulfur and olefin contents in gasoline feedstock, would lead to

significant octane loss.

Therefore, there exists a need for a process for hydrotreating
gasolines, especially those having a relatively low final boiling
point, and a relatively high content of olefins and a relatively low
content of aromatics, to deeply reduce the levels of sulfur and

olefing, with minimum octane loss.
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aromatics, the above-nentioned processes, when applied to reduce

sul fur and olefin contents in gasoline feedstock, would lead to

si gni fi canwezosoaei7oss. Therefore, there exists a needrpCwaCNaPOMAES S
for hydrotreating gasolines, especially those having a relatively
low final boiling point, and a relatively high content of olefins
and a relatively low content of aromatics, to deeply reduce the

| evel s of sulfur and olefins, with mninmoctane |oss. 4 WO

2005/ 061677 PCT/ CN2003/ 001107 Summary of The Invention The object of

the present invention is to_provide rocess_for deeply reducing
Bieb1 T hehs HayeBE

sul fur and ol efin contents FA™ dYeprodiicing a  gasol i ne

product neeting Tier Il quality standard of ((Wrl d-w de Fuel
Charter)) , while ensuring mninmumloss of antiknock index. The
present BhecdIscERfpElePsesart dGVERELPRG LB BFPRECE SarIQSe Ertdeeply

hydrogen_w:.t h, roreflni At nger.4£a6HkLoN-GeNdi QRS
i ncl udi né\é\gﬁﬁﬁ% g%g'r#%aél&ﬁi %%fl%gt@%}%%ltgogﬁ&oﬁml r'ﬂ‘,C a %!ydrogerl;Lg 2
partial paessiiepobdicOmteting FiekPd, qualidnperandard of (¥00Ll3801E Endl

a liquid _hourly space vel ocit of ,.3.0-5.0 h"1, ~and cont.act ing
hydr or ef FH%H‘”@%@M i”ﬁ&%&ﬁﬂﬂ%&&eﬁ‘%i“ﬁmagﬁﬁ? afti %ntjﬁgnr?oc i fjinccdg i'on&‘ﬁg
catal yst pupdest r%ﬁ;{_té'scyl erpdikeons including a hydrogen/gasoline

N

rati o of 200-100 m /m , a hydrogen partial pressure of 1.0-4.0
MPa, a tenperature of 300-460C and a liquid hourly space velocity of

0.5-4.0 ta].g 1%r£r9ca%t|q}ﬂﬁd§ gt &fd luentc Wi &l Hiar86RaNALeda lig, BkhRiFA Nt RE

hydr ot reat ed gasol'i ne Fracti on, erein the paraffin-nodification

cat al yst caeapyssesndne actioe nobfletbpns including a hydrogen/gasoline
ratio of 200-600 Nm’/m®, a hydrogen partial pressure of 1.0 to 4.0
MPa, a temperature of 200-380TC and a liquid hourly space velocity

of 3.0-5.0 h™; and

b) contacting the hydrorefined gasoline and hydrogen with a paraffin
- modification catalyst under reaction conditions including a
hydrogen/gasoline ratio of 200-1000 Nm®/m*, a hydrogen partial
pressure of 1.0-4.0 MPa, a temperature of 300-460C and a liquid
nourly space velocity of 0.5-4.0 h™ to provide an effluent, which
is separated tc obtain the hydrotreated gasoline fraction, wherein
the paraffin-modification catalyst comprises one or more noble ox
non-noble metals from Group VIII and/or Group VIB of the Periodic
Table of Elements, supported over a supporter containing at least

one zeolite.

The procesg of the present invention makes it possible to maximize
sulfur removal, while reducing olefin content by at least 40% and
minimizing octane loss. Thus, the process of the invention produces
a gasoline product with a_sulfur content of less than 200 ppm and
zn olefin content of less than 20 % by volume, meeting Tier II quality

standard of {World-wide Fuel Charter) , while ensuring minimum loss
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non-nobl e nmetals from Goup VIII and/or Goup VIB of the Periodic
Tabl e of Elenents, supported over a supporter containing at |east
one zeol it &vo Feeoqascess of the present invention makes PCI/Opossioter
to maxi m ze sulfur renoval, while reducing olefin content by at

| east 40% and mnimzing octane |oss. Thus, the process of the

i nvention produces a gasoline product wwth a sulfur content of |ess
than 200 ppmand an olefin content of |less than 20 % by vol une,
neet i ng &f esntlilkkrogudd iiylexst andard of ((Worl d-wi de Fuel Charter))
whil e ensuring mnimmloss 5 WO 2005/ 061677 PCTUCN2003/ 001107 of
anti knock index. Brief Description of the Drawings Figure 1 shows a

rel ati onshi p between therQGt aRecRupeesn! 6sscf mrawiypecal FCC
gasoline, with a high olefin content and a | ow aromatics content,

and the saturation degree of the olefins therein as the gasoline

d I h | H
gghgg??%éﬁpé/?.etéh%% ¥Qiﬂﬂﬂé}il§$beﬁ\{gé’ﬂ &1 lb3tank Mé@rﬂosts 6% a

pi'cts the process e invention; and Figure 3
a flow chgpic&ha‘ccsgdrmﬂam(acad\rityh aGebigh s:lafpne:fcmtreeld aledrtaoﬂvwwpmétlcs

t he process of the enti on. tailed Des t|o f T I n |o
Basi bal | GORERRE | (N S aR TR e S IS PhRd Gy g pengne
f eedst chaaaﬂlﬁwdhmrgo@@ec@ﬁﬁéﬁ@mewai}mmrhydmﬁgf | ning catal yst
under reaction conditions including a hydrogen/gasoline ratio of

200-600 NM/m, a hydrogen partlal pressure of 1.0-4.0 MPa, a
Lemper at Yig, ol 240 380G, Aa2e! LA LGk Y AREF BRI Eehrocess of

the invention; and

Figure 2 is a flow chart that schematically depicts a preferred

embodiment of the process cof the invention.
Detailed Description of The Invention
Basically, the invention can be carried out as follows:

a) Gasoline feedstock and hydrogen are contactedwitha hydrorefining
catalyst under reaction conditions including a hydrogen/gasoline
ratio of 200-600 Nm*/m*®, a hydrogen partial pressure of 1.0-4 .0 MPa,
a temperature of 200—380“&1 and a liguid hourly space velocity of

3.0-5.0 h™*;

b) The hydrorefined gasoline and hydrogen are contacted with a
paraffin - modification catalyst under reaction conditions including
a hydrogen/gasoline ratio of 200-1000 Nm*/m®, a hydrogen partial
pressure of 1.0-4.0 MPa, a temperature of 300-460 C and a liguid

hourly space velocity of 0.5-4.0 h™.

The effluent from step b) is separated to obtain the hydrotreated
6



b) The hydrorefined gasoline and hydrogen are contacted with a
paraffin-nodification catal yst under reaction conditions including a
hydr ogen/ gasmtdosres1isat i o of 200- 1000 NnB8/ mi, a hydrogen paticoNados/001107
pressure of 1.0-4.0 MPa, a tenperature of 300-460 C and a |liquid
hourly space velocity of 0.5-4.0 h-1. The effluent fromstep b) is
separated to obtain the hydrotreated 6 WO 2005/061677

PCT/ CN2003/ 001107 gasoline fraction. In the process, the paraffin -
modi f i cafheslicat sdasti @nnprd selse OpEoOésﬁDr ehaolplazadrt inonmodhEecation

metals fromGoup VI|I and/or Goup VIF, orted over S [ter
cont ai ni A3ty $teSSPPLHFRS £E6I PT @Orgailfabjg%a 195 *I?%%stﬂséﬂf% rfépoﬁuﬁgoup

FCC gaso{i fif o nd¢6P G‘.E@:hﬁl\?/ltﬂ Csuﬁfcﬁq}@ NGy PEBuiERI Rl Eontlindinghtit Tedst

gasol i ne, coker gasoline, 'pyrolysis gasoline, thermal cracking
gasol i necamdzepibet.ure thereof. The gasoline feedstock can be the
whol e fractions of the above- nentioned gasolines. Alternatively, the
gasol i ne feedstock can be a part of the whole fractions of the
above- WEB&i@“stéBﬂﬁB'fé@di&t&ik taseydddergasghbotifiepddtesk chsalpeic
heavy fraction cut at a tenperature,of 70-100' C.. The %E§O|Ine

)

f eedst ocRE 2Rt n%Dth@?oSWln@ol 8RB 1 BRET BHAHZE D-T65 00 Y o FRABL 1 2%
more preferahlyi 39: 60004y, «NOhHE LR GRS o1ThE IO RSRLRfe thBreot .

present Tnvention’is preferably used to process a gasol i ne feedstock
wi t h hi giikel gifﬁmlmtf@mdstoshl dehyde okbe i wireie ciagtisinsc OFpiiisesdPovie-

Sveray RERELGRE oRRb Bes’ HTCAOUR WD AL Ua AWl McdsruiPRER!SE

over al un‘? n'é rpnous um num si In -

modi fi Ca&lpm:tcatfa&MSWhamamﬂa&ﬁoﬁmeoﬂrtmabonenmetmﬂnimec‘nﬁéadis, dm that

noble metals from G oup VIB and/ or Grousp VI ugporte
case, the gasoline feedstock i€ the heavy fIraction cut at a
temperature of 70-100°C. The gasoline feedstock contains 1-70% by
volume, preferably 20-65% by volume, and more preferably 35-60% by
volume of clefins. The process of the present invention is preferably

used to process a gasoline Feedstock with high olefin content.

Said hydrorefining catalyst comprises one oxr more non-noble metals
from Group VIB and/or Group VIII, supported over alumina or amorphous

aluminum silicate.

Said paraffin-modification catalyst comprises one or more non-noble
metals or noble metals from Group VIB and/or Group VIII, supported
over a supporter containing at least one zeolite. A preferred
paraffin-modification catalyst comprises 0.5-10% by weight of one
or more metals from Group VIII and/or Group VIB, and 10-75% by weight
of a zeolite, the balance being alumina. The most preferred paraffin
-modification catalyst comprises 1-5% by weight of Ni and/or Co,
5-30% by weight of W or Mo, and 30-70% by weight of ZSM-5 zeclite,

the balance being alumina.

The gasoline feedstock is preferably contacted with a hydro-
7



over a supporter containing at |east one zeolite. A preferred
paraffin-nodification catal yst conprises 0.5-10% by wei ght of one or
nor e et al wd feosndgsoup VIIT and/or Group VIB, and 10- 7SY¥chyneasgbitior
of a zeolite, the bal ance being alum na. The nost preferred paraffin
-nodi fication catalyst conprises 1-5% by wei ght of NI and/or Co,
5-30% by wei ght of Wor M, and 30-70% by wei ght of ZSM5 zeolite,

t he bal ance being alum na. The gasoline feedstock is preferably

cont act egr¥t ¢drindhy dabalys WO RMIM06 L1647 f&E’dCIEI%OOBbﬂ@é.djﬂa?d with the
protecting catalyst before the feed is contacted wth

hydr or ef MR ErdPgstat sty s £8 &1 hi frat®-1ate H]il%r‘?é?n&ﬁdartq'ﬂépﬁf%f%re
prevent oKl g %kaﬂg doR A tw%@ﬂeOhﬁafaf@ereegabxéalyJ@usfhutgpethe

hydrorefTni ng catal ySt can be naintained at a h activity |eve
over an bx@:eummelgu odtaThet Hyady depmatateimes c,eé;t al hsgh cagt iyd ty o hereell

h he, h fi
oactor AVFF VORI PBR I RAC e PR o LROORGAF oF B0 KPRG-ERE Sy te | Gadea

| oaded. Sai ghd\die- peatest i 1 Gt akisbrepipinG estangsoy djﬂ‘)rle)almtiaii.ﬂ a
from Goup VIII, one or nore netals from G oup VIB, and one or re
al kal i ﬁé?%‘\c%r ilﬁﬁﬁaﬁﬁéde%rtheﬁ yhEREHA %‘EFpﬁ’@PFQFEf%\nb?%fcé‘rtta&éfSt is
hydro- prgigechi ng catalyst conprises an alum na supporter and Co and
/or N, M and/or Wand an alkali netal, supported over the al unina
supporter Cal cul ated as oxi des and based on the total anpbunt of the

cot 2yt e O LSRG S & BRI U & FPURs B

met al , Gb&ulbailauceaztﬁebﬂgndﬁ&matalm rfa-oaupm)m FLB, landoneror qms:esf eiketli

enbodi ment, the hydro-protecting catal yst rises Co and f hl _
metals, supported over an alumina supp rter. A preferred ydro
protecting catalyst comprises an alumina supporter and Co and /or
Ni, Mo and/or W and an alkali metal, supported ovexr the alumina
supporter. Calculated as oxides and based on the total amount of the
catalyst, the catalyst comprises 0.5-8 % by weight of Co and Joxr Ni,
2-25 % by weight of Mo and/or W, 0.5-8 % by weight of the alkali metal,
the balance being the alumina supporter. In a more preferred
embodiment, the hydro-protecting catalyst comprises Co and /or Ni
in an amount of 1-6 % by weight, Mo and/or W in an amount of 4-12
% by weight and the alkali metal in an amount of 2.5-6 % by welght,

all calculated ac oxides and based on the total amount of the catalyst,

the balance being the alumina supporter.

The hydro-protecting catalyst used in the present invention can be
prepared as follows: Undexr the conditions sufficient for Mo and/oxr
W, Co and/or Ni and an alkali metal to be deposited into the alumina
supporter, the alumina supporter is contacted with a solution of
compounds containing Mo and/or W, Co and/or Ni and an alkali metal
by impregnation, co-precipitation etc, preferably by impregnation.
During the impregnation, Mo and/or W, Co and/or Ni and the alkali

metal can be introduced into the aluminz supporter simultaneously
8



in an anount of 1-6 % by weight, Me and/or Win an anount of 4-12 by
wei ght and the alkali nmetal in an amount of 2.5-6 % by weight, all
cal cul at edwsm200%06lem and based on the total anount of tlreTTababyetio7
t he bal ance being the al um na supporter. The hydro-protecting

catal yst used in the present invention can be prepared as foll ows:
Under the conditions sufficient for Me and/or W Co and/or Ni and an
al kali nmetal to be deposited into the alum na supporter, the alum na
support ebr | segyttdctedg. Wi t h a sol uti on of conpounds contai ning M
and/or W Co and/or Ni and an al kali nmetal by inpregnation,
co-precipitation etc, preferably by inpregnation. During the

i mpregnagh o, cMp ARHOr cWr Laidd/My MNn el ke et kabke wWBtal eanubee
introduced into the al um na supporter sinultaneously 8 WO
2005/ 0616TTPCRITRRD031001d P - Ber c&spedei Ve rbdsaug evhfpuigdybdate,

cont ai ni ng. M r sol o] contal.ni
. For SRdmpat R ARE R, el Do e e g
Pr ef er abiy] yivdd tydhd emdmaexbd tum apamninahybdeltybdat e, and ammoni um

par a- nol ybdate. Sai d conpounds containing Wcan be one or nore water
sol ubl e conpounds containing W For exanple: tungstate,

et a- t ungsi @emPBEngs Ryht a 1B Ag WGt able J2@def ABL¥r sIUBDE Wdipounds
nmet a-tungstate and anmmoni um et hyl -neta-tungstate. Said conpounds

cont ai ni AgnCHLENY BB FRr Gxample :whtegssat bl Bt onpEintds ec 6REarhPRY
Co. For exampl e, bﬁ't LELALET, CORAldn 13GCHAES: tuldst £ £ W hmmoni
. P 1y, v E mmoniumn

car bonatg?a—glg%%gf&%l%orl ge and. wat er sogjllu e coballltg%:orrpl exes.
Pr ef er abkyhyrabal - thinflgsabeeand basi c cobalt carbonate. Said
conpounds containing Ni can be one or. nore water sol uble

Said compounds containing Co can be one or more water soluble

compounds containing Co. For example: cobalt nitrate, cobalt acetate,

basic cobalt carbonate, cobalt chloride and water soluble cobzalt

complexes. Preferably, cobalt nitrate and bagic cobalt carbonate.

Said compounds containing Ni can be one or. more water soluble
compounds containing Ni. For example: nickel nitrate, nickel acetate,
basic nickel carbonate, nickel chloride and water soluble nickel

complexes. Preferably, nickel nitrate and basic nickel carbonate.

Said compounds containing alkali metal can be one or more water
soluble compounds containing alkali metal. Preferably the alkali
metal is potassium. More preferably, the compounds containing
potassium are potassium hydroxide, potassium nitrate, potassium
chloride, potassium acetate, potassium phosphate, potassiﬁm
hydrogen phosphate, and potassium dihydrogen phosphate and a mixture

thereof.

The hydro-protecting catalyst used in the present invention can be

mclded into various shapes as desired. For example microspheres,
9



conpounds containing Ni. For exanple: nickel nitrate, nickel acetate,
basi ¢ nickel carbonate, nickel chloride and water sol uble nickel

conpl exes. vy mgoablry, nickel nitrate and basic nickel eerimeBssoii07
Sai d conpounds containing al kali nmetal can be one or nore water

sol ubl e conpounds containing alkali netal. Preferably the alkal

nmetal is potassium Mre preferably, the conmpounds. contai ning

pot assi um are potassi um hydr oxi de, potassiumnitrate, potassium

chl ori de,sypetessi uab beed aberspatdgsllatghoShhatd dipgt psstesn cApdP® gayy

phosphat e, and potassi um di hydrpge osphat e, _and m_xt ur

e hydr GBMGReaonay BAPEFYRTS [ T R et iRy 8n: Fon e khrraton
nol ded irgd%rgﬁg,oggtgﬁapg?rQﬁxﬂesired. For exanple m crospheres, 9
WO 2005/ 061677 PCT/ CN2003/ 001107 spheres, tablets, bars and pellets.

The nol di ng process can be any conventional processes for that
pur pose, [uc | 50, R ey 11 usuall
hydr or ef i'ﬁ}engygﬁaptgh}ég%%%%bi Er}}e r?%g%;fggt ingdr?lr%gﬂgﬁggﬁ?%sc&a:&%i Y
proceed iprddeced imedikedchetd sceakit@nsr.ocess of the present invention
is preferably carried out as follows: 1. a gasoline feed is cut at a
tenperature of 70-100C into a light fraction(LCN) and a heavy
fracti on(+iNpreesthss! tightorbsaati ofvést Bt racpedferdl preaalikiald oo as
effect sweentening, i.e. to renove nercaptan therefrom 3. the heavy
fraction, feblgstdrer with hydrogen, is contacted with a hydrorefining
catal yst, or contacted successively with a hydro- protecting catalyst
and a hydro-refining catalyst, controlling the .

1. a gasoline feed is cut at a temperature of 70-100TC into a light

fraction(LCN) and a heavy fractiomn (HCN) ;

2. the light fraction is extracted with an alkalli to effect

sweentening, i.e. to remove mercaptan therefrom;

3. the heavy fractibn, together with hydrogen, is contacted with a
hydrorefining catalyst, or contacted successively with a hydro-
protecting catalyst and a hydro-refining catalyst, controlling the
effluent from the hydro-refining reactor to have a nitrogen content
of less than 2 ppm and an olefin content of less than 5% by volume;
the effluent from the hydrorefining reactor, without geparation, is
contacted with a paraffin-modification catalyst to enhance the ratio
of i-paraffin to n-paraffin through cracking and isomerization; the
effluent from the paraffin-modification reactor is geparated to
obtain light hydrocarbong and the hydrotreated gasoline fraction,

while the hydrogen-rich gas is recycled; and

4. the sweentened light fraction and said hydrotreated gasoline

fraction from step 3 are blended in a gasoline pool.

The gasoline feed used in the preferred embodiment of the present
10



effluent fromthe hydro-refining reactor to have a nitrogen content
of less than 2 ppmand an ol efin content of |ess than 5% by vol une;
t he ef fl uemto fonoesétie hydrorefining reactor, wthout separ@aNc@BzDo1LE
contacted with a paraffin - nodification catal yst to enhance the
ratio of i-paraffin to n-paraffin through cracking and
i sonerization; the effluent fromthe paraffin- nodification reactor
is separated to obtain Iight hydrocarbons and the hydrotreated
gasol i ne fiment'mn is WhClgmstold nby draogeaealiick , gasdisyhteeyaloadoldnd, 4oker
t he sweent ene ght fr ctlon and_said ggdrotreated gasol i ne

g

fracti on £F§ %F%p BYRPeY BT BndB8°T % ghRoTTHe PFERFk Hthedgabliihieand 2

feed usedpinthbe tHefRy edhered ABM119f nidg Eﬁ.ﬁéf%lllgg%lnt equal to
2005/ 061677 PCT/ CN2003/ 001107 invention is FCC gasoli ne,

gﬁsol i Ine 0§t¥%ﬁ$gh1@a¢ dR0gas diduss, thakdits @aﬁmqmrtﬁﬁmﬁwgzsngas? phbex
therma q:?lgé QQSOJ;]L C@q%aﬁa Jtere)ft %[LI?Lf{l el %ggrazli%te eea:l.n I%/u?ha}/llgh—

has a fina I'ng poin €ss
its countebmaﬁng frammimnﬂuranﬁ;dﬂdﬁah cbhﬁénﬁhiﬂ@redﬁééqaﬁ(ﬁﬂﬁﬂﬂﬂ@@tlon

sul fur di tnébutes nai n i n high- b0|I|n%‘fract|ons and ol efin

content i é§%§x§§tﬁhggFFﬁﬁ??oﬁ“1EBFP?n BoPRESL et Mess 8. high GRrRgnt

FCC gasol bResh@sindgs Bheha CORY bt O abiopstapd. aI'ﬂL@N GR8heRtc Yasoline
aromatics. Thus, when FCC gasoline is subjected t

hydrodesuFFGWﬁﬂ&FF@ﬁ‘“4b%ﬁﬁ?@ﬁﬁuiﬂvéavytéenaﬁ@aﬂ&nﬁanh¢@€$octanennsber
Ol efl ns aﬁ.g §at UI;EgETed mo-Q?:us’ O:[%]éiI]c.)gM ng [~ hyg eg'E”Eé!Jrl %'?IHI on, fOtllS‘f!lng

necessary to further process gasol T ne i NCF éase €'ratio
|-parafflhyﬁnodequmﬁﬂﬁﬂzatlsn asi:tbscmﬁpeasafﬁ frter Defae: NPABEEss the
| oss. The alkali used in step 2 is a h%drOX|de of alkali netal or

earth al k%f‘?"fh%‘? d1° TBGER2ER SHUinAR Ry AF okiRRFAERIE APKArPEFALidyuappyas

used as aPo compensate for octane number loss.

The alkali used in step 2 is a hydroxide of alkali metal or earth alkali
metal, such as sodium hydroxide. The alkali is usually used as an

aqueous solution.

In step 3, the hydrorefiningusually proceeds under reaction conditions
including a hydrogen/gasoline ratio of 200 to 600 Nu®/m®, a hydrogen
partial pressure of 1.0 to 4.0 MPa, a temperature of 200 to 380 C and
a liquid hourly space velocity of 3.0 to 5.0 h™ . The catalyst used
in the hydrorefining process comprises one or more non-noble metals
from Group VIB and/or Group VIII, suppérted over an alumina or amorphous
aluminum silicate. The paraffin—modification procedure proceeds
under reaction conditions including a hydrogen/gasoline ratio of 200
to 1000 Nm*/w®, a hydrogen partial presgure of 1.0 to 4.0 MPa, a
temperature of 300 to 460 C and a liquid hourly space velocity of C.5
te 4.0 h™.

It is the combination of the effects of the hydrorefining catalyst

and paraffin—modification catalyst, or through the combination of the
11



aqueous solution. In step 3, the hydrorefining usually proceeds under
reaction conditions including a hydrogen/gasoline ratio of 200 to
600 N8/ n8,wazdvgdéiegen partial pressure of 1.0 to 4.0 Mea/cNa003/4001107
tenperature of 200 to 380 'C and a liquid hourly space velocity of
3.0 to 5.0 h-1 . The catalyst used in the hydrorefining process
conprises one or nore non-noble netals from G oup VIB and/or G oup
VIIl, supported over an alum na or anorphous alumnumsilicate. The
par af f i n eaFedtigmthe Mydrecebl & Hinacestsl y sitn dey dr @actinong candlysorad
including a h¥drogen/_ asoljine ratio of 200 to 1000 Nm-/nB, a ,
hydr ogen RF&REFER™ é’%ga%tjcﬂn T2 bt Bhapyocgss toén’ﬁé? BY SRS ot M50 108
460C and.aach'ieqegdtﬁ@taﬂj%c§p@§ecafeeliaebh¥ieﬁ. 0.5 to 4.0 h"1. It is the

combi nation of the effects of the hydrorefining catalyst and
paraffin-nodification catalyst, or through the conbination of the 11

WD 2005/ Q61677 [ CN2003/ 001107 effects of .the hydro-prot.ecting

cat al yst, cﬁyod;girﬁﬁﬁagcg?g? e agﬁac yar s f?%tar%l(ﬁé? i %raml gtnheca?%% yos'f’t"’l,:L
t he proceggirebrbbheciiREsiicdsay &iid Wircaeit aves ahbi@abjfect—abdi htcation
i nvention. The hydrotreated gasoline fraction, obtajned fromthe

opti onal °h{ae Weﬁ%?‘?ﬁ-%‘woé%sg{eet AE IRFFEB 8P izmc'hgequlres no further

andpar af fi.RopRdif | €8t 1:QRovohg the 8RN rACtdN cniis HEaflPBled with the
nmercaptan, and requires no further  treatnment for renoving

mer capt arsveekenednt idhys £bactian dedpwtide hefingk aaseddne iRedurt avitbe
to provide a fj L ne_pr qduct W { q

f nal al mer ¢ | \
| ess thaﬁ“ﬁrgﬁB nrrgé‘gtafl%ﬁg the T e&ﬁlsrtél?raéx}]t Ong' trﬁeeeatg;&gl?(;f:?%ege#‘%%%é%ﬁt of
speci f i catieOBasdEnd @kt i syefidieatwbhl be described in nore detail
by reference to the figures.
The present invention will be described in more detail by reference

to the figures.

Now referring to figure 2, the gasoline feedstock enters pump 7 via
iine 4, and being pressurized, via line 8, mixed with hydrogen-rich
gas from line 22. then the gasoline feedstock enters heat exchanger
10 via line 9, and then enters hydrorefining reactor 12, which is
usually a fixed bed reactor, via line 1l. In reactor 12, the gasoline
feedstock and hydrogen are contacted with the hydrorefining catalyst
contained therein. The effluent from reactor 12 enters paraffin—
modification reactor 14 via line 13. In reactor 14, the hydrorefined
gasoline feedstock and hydrogen are contacted with the paraffin—
modificaticn catalyst contained therein. The effluent from reactor
14 proceeds, via line 15, to heat exchanger 10 and line 16, to downstream
unit (not shown) where it is separated to produce the hydrotreated

gasoline fraction.

Figure 3 is a schematic diagram of the flow sheet of a preferred
embodiment of the invention. As shown in figure 3, the gasoline feed,

via line 1, enters fractionator 2 where it ig cut into a light fraction
12



Now referring to figure 2, the gasoline feedstock enters punp 7 via
line 4, and being pressurized, via line 8 mxed with hydrogen-rich
gas from | mw@200206167ven t he gasol i ne feedstock enters hegcTeseiBRUgsT
10 via line 9, and then enters hydrorefining reactor 12, which is
usually a fixed bed reactor, via line 11. In reactor 12, the gasoline
feedst ock and hydrogen are contacted with the hydrorefining catalyst
contained therein. The effluent fromreactor 12 enters paraffin-

nmodi fi catdeng r&%@k%ré&cﬂb&la TH@1dB: A ct €8s et e14 allkhe i ydnobehyned t
gasol i ne feedstock and hydrogen are contacted with the paraffin-

nDdlflcalﬁ(ﬂiacéﬂaﬁy%ta%ﬁnnaftﬁédaﬂhé¥%l%FIUPPéngff%%é%ﬁlqsrgﬁPWe%%%QNS as
14 proce sdwe’etghgd igfnt]'%ra@_? %%Edeﬁf&?g%%wégd% ll':LH@ é'6’0:~:1t @.hﬁ other

downstream  uni ere It I's separat to produce the
hydr ot r ealizad, wasiodavyet facrdbnenteksgumg 73v1aslan$ehendﬂoecng @agsamﬁnged,
t he fIOM/sheet of a preferred nbodi nent. of t | vent

in figure’® the Ya F‘ieﬁewi“été&lygrﬁ‘ganﬁ $25¢ FFa% nc?hgt%l %}"@e,

where it 4§ Sile bNtRrarkighic dxacdsen 101-,2vy@12ﬁ@5/106érﬁ'k3:s the fixed-bed
PCT/ CN2003/ 001107 and a heavy fraction. The light fraction enters

al kal i scmubiorrgining resorpa 13 ndegeahldl tsarpREaGttaMitR G B RGet Hing
lelx'n L st oMl £ 183 e_hangglg%@mlfe%t&tto%rlécwl%riﬁﬁdﬁ ! Qﬂ‘@efsofﬂ@bgrélfﬁn

&6t her the heavy fraction enter's punp 7 via line
4, andbelmeoateséaﬂucmedgacvoﬁ.14rwhdie nixes eéndndredr wyeln-an grrgdsin—

fromline 22.. The.nix ters h eat. g ch n

line 11, ‘@ﬁF€F§aFﬁ€nFPEéﬁyﬁﬁdTgﬁﬁﬂﬂﬁfgpFﬁ$ ?%%%PEH‘ 55 g?e'Q%ﬁggék

cont act ed. b @ rhyderef i ng, @ﬁ@dsym.gh%s@;bfrblﬁﬂaﬂaltﬁml'emme it

12, vialine 1 enters the paraffln -nmodi fication reactor 14 wher ﬁ?
e

it is contmcesenhudtiad arntmar BYETIEeNTSarhi CGBEI AN al Y314 TRECDIFY
from reacﬁférog%n-}lkghléa%ef}ém t@l%a{:op of separator 17 enters gas compressor

19 via line 18. The pressurized hydrogen-rich gas from line 20,
optionally admixed with the fresh hydrogen from line 21, via line 22,
is admixed with the heavy fraction from line 8. Meanwhile, the liguid
product from the bottom of separator 17, via line 23, entexs the
stabilizer 24 where it is separated into light hydrocarbons and the
hydrotreated gasoline fraction, exiting from stabilizer 24 via lines
25 and 26 respectively. Finally, the sweetened light fraction from
line 6 and the hydrotreated gasoline fraction from line 26 are blended

and withdrawn from line 27 as a final gasoline product.

aApplying the present invention to process Chinese FCC gasolines with
a high level of olefins ( more than 50% by volume), a low level of
aromatics (less than 20% by volume) and low final boiling point, the
gasoline feed first is cut into light fraction and heavy fraction;
and then sweentening the light fraction, and subj ecting the heavy
fraction to deep hydrodesulfurization, hydrodenitrogenation and
olefin saturation reactions, and further subjecting it to paraffin
—modification reactions to increase the ratioc of i-paraffin to n-

paraffin, e.g. by about 3 units, to produce a hydrotreated heavy
13



exchanger 10 and line 16, enters high-pressure separator 17 where it
is separated into hydrogen-rich gas and a |iquid product. The

hydr ogen- r moh2@assikr7om t he top of separator 17 enters gasTenmEcesSeOr
19 via line 18. The pressurized hydrogen-rich gas fromline 20,
optionally adm xed with the fresh hydrogen fromline 21, via line 22,
is adm xed with the heavy fraction fromline B. Meanwhile, the liquid
product fromthe bottom of separator 17, via line 23, enters the
stabi | i zesra24ivheramd finslSepasadity theasvdegitnbgdrietar boxns izndatdehe

hydrotreated gasoline fraction, exitin fro tahilizer, 24 V|8 line
3 hnd SERESREERVBRPavE: HEATL o™ he WhaEPeRca T RS i PORCFFomIBe

line 6 and.he bygrot rn%’étt%dTgéa?oﬂn&uéiﬁ@%'%rfdaQ@ ldengwebL@lide Fuel

bl ended and wthdrawn fromline 27 i nal gasoline product.
Appl yi ng Qﬂaectgp:ésem g.nvesniiny Lovel dessstig ﬁ@gepmenéa%@lqlﬁésnvhwl

a high 'glea s Bhad B! 3 SfoalRES ] ttma;ilégg & Dokl HiTEdye n%ﬁé %@Leg% in

aromatic han I"ow"f'i hal poi nt

gasol i ne firedntiksdck Snadk, i (HEMOEhY 2 f ¢eiaxed andfdﬂ@ia.vytff taetgaomiline

and then sweentening the i ght fractjon, and subj, ectln the g g vy
REeze the

fraction ﬁetf’dc'i’é@ﬁkh’yﬂrc&ﬂ‘@%r-ﬁﬂr‘f‘z‘ﬁi Boy dm&%&‘ﬁtﬁpgg‘éﬂ

ol efin saiduat ko i@aCLhonSh B Hiu-bReE 1 81y eakhigstt :.ttocm&aaﬁta the
-nodi fication reactions to increase the ratio of i-paraffin to n-

par af f i n,dieng. coyteijotp Bamthen 0-@ PROKRD anhydesefoaccdibabycokigg
VO 2005/ 06167%};'1{2 j]{ng\lzxoeofoﬁ./nol%ll?%ta{]ﬁydt I‘I%Qt’s aE' flﬁﬁd%ﬂhﬁﬂg'é‘&él%t

sweent ened i g i on-and rotreate action to
obtain a ddmak @asmanrtﬁeq)raadwatlgthaetlfrn.nallquaidov&rnmt@ctﬁnéadlnerlod
quality standard of ((World-wi de Fuel Charter)) , i.e. a sulfur

l'evel | es%f tH#®:200 ppm and an olefin level |ess than 20% by vol une
with little loss, or even slight increase in

The following non-limiting examples are intended to illustrate the
invention. In thé examples, the employed hydrorefining catalyst and
the paraffin—modification catalyst available from the Catalyst Plant
of Changling Refinery, China Petroleum & Chemical Corporation {Yueyang
City, Hunan Province, PRC) are CH-18 and RIDOS-1 regpectively. The

properties of the catalysts are summarized in table 1.

Catalyst RIDOS-1 comprises 1.3% by weight of NiO and 56.0% by weight

of %SM-5 zeolite, the balance being alumina.

The hydro-protecting catalyst used in the following examples are
prepared as follows. 341 g dry aluminum hydroxide powder is mixed with
393 g aluminum hydroxide powder with an alumina content of 70% prepared
from aluminum sulfate by the Catalyst Plant of Changling Refinery.
To the mixture ,adding 47 g high abragsion-resistant carbonblack powder,
35 g surfactant SA-20 {available fromTianjin Surfactant Plant, Tianjin
city, PRC), 21 g aluminum nitrate, and 600 g water. The whole mixture
is thoroughly ground and extruded to form 1.8 mm diameter trefoils.

The trefoils are driedat 120 C for 8 hours, and calcined in tube furnace
14



the anti knock index, (RON+MON)/ 2, conpared to feed. If the gasoline
feedstock is contacted with a hydro-protecting catal yst before the
feed i s comtembeebwirt h t he hydrorefining catalyst, it caoriecisseeiidve
di ene content to less than 0.2 gl/100g, and therefore inhibit coking
over the hydrorefining catalyst. Thus, the hydrorefining catalyst

can be maintained at a high activity |level over an extended period

of tinme. The followng non-limting exanples are intended to

i | lustrats the Cj nvient oA £lovinherexanpbess Hohgies eypdorter. 100 g of
hydrorefining catalyst and the paraffin-npdification catal yst

avai | abl &y BRFRHE P§>§FEP|Ja%thaF9@\5%ﬁ%g4 W%r"yl,t%cﬁﬁn‘&l of an
Petrol eum@g@m@ SGaLRPYEAL I Qng(Yueyana tEhity, sHyNAfnd2lioM A6BHLIARE),
are CH 18 and Rl -1 respectlve?y. The properties of the catal ysts
are sumuendred pphassbiehidrGhds) e 1R bogel oasmyresesh amsog i s ol tivn -
of Ni O and 56. 0% b i ght f ZS .zaol 1 t.e,, $h I 1aNG5 1 e

al um na. elﬂg’/%er%rgéﬁ):\réﬁt %uc? oﬁgega%%/td}sj% (au%%ci&lonbt ﬁcépi‘% O?ngms %glde(g%lr?p:]néeg
are prepaf edoas forloWourd4lagd dinceakooladmiy duokhee pomegnatsd with
mxed with 393 P al um num hydr oxi de, powder, wi th an_al u%i na gg‘n&e}gt 4
of 70- prihALetPIULIGH 8F uhihaACEe! Ay RS al JEtePIRnt o~ tOF
Changl i ng, Refd DRE VealciReliNgL M4 U 6sor addbiifs 46 gibk b hydro-protecting
abrasi on-resi stant carbon bl ack powder, 35g surfactant SA-20 )
(avai | abl@atferlyst Ti cotipind sSogf hottaby PREEht ofi aaghel o&ifdy, PRA) by weight

alumnumnitrate and (79 I ] i@m daSi deN OGN M ce
ground and &% ¥bdi§en mtooxq%gef%ar}i&g'%ﬂbgpg%gr%%ﬁﬁlsfn The'tref oils

are dri ethatngl 20umad.0or 8 hours, and calcined in tube furnace 14 WO

2005/ 061677 PCT/ CN2003/ 001107 at 600 'C, with air flowing for 4

hours to give a supporter. 100 g of the prepared supporter is
i npregnated for 4 hours with 90 ml of an

Table 1 Properties of the Catalysts

Catalysts CH-18 RIDOS-1
Composition, wt%
WO, > 19.0 --
NiO = 2.0 1.3
Co0 = 0.04 -~
810, -- 614
Na,0 -- = 0.3
Fe,0, —-- < 0.3
Physical Properties
Surface Area, m’/g > 130 < 280
Pore Volume, ml/g = 0.27 > 0.25
Strength, N/mm = 16 > 12

15



i mpregnating solution : 4 g nickel nitrate, 8 g anmoni um nol ybdat e,
and 3 g potassium hydroxide in a 16% by wei ght strength amonia

sol uti on. whmosaypéregnat ed supporter is dried at 120 ' CeEnenZoobronitoy
and calcined at 420 C for 4 hours, and once cooled, is further

i npregnated with 80 m solution of 4 g nickel nitrate in water,
dried at 120 "C for 4 hours and calcined at 420 C for 4 hours to
give a hydro-protecting catalyst, conprising 1.8% by weight of

ni ckel oxide, 5.9% by wei ghtomgeiragbiybeemprheoxi de, and 1. 9% by

wi eght of potassium oxide, the balance being alunmna. Table 1
Properties of the Catalysts Catalysts CH 18 RIDOS-1 Conposition,

W% W3 319 Lea,- rIcQasdihela3 wals0Bul 34 go-CSE& give 63455 Wg2fdight<or

0.3 Fe303 -- <0.3 hsﬂ/%ilcgl Prwgperties Surfacg%&:’ga, ne/ gﬁg 113% t;o

388 /ggr@ww,aqﬂ:/ogx beig pamaingngvasSirehight; £RRARON)16IRE REOPERL 1gP
5 1677 PCT/ 003/001107 rat X he, f

gasol i ne OE\, t\}'\}gs w%éeat%/rgﬁéto?% %@2%%%%‘6’5 %%%togo%f a %’eaﬂ\je)%g were

fraction sivhericemi bhngawdsst hezl i ghe heacyi 6n3ctiotheanpt opedtdoes wefre

the whol ecofn{:g.g%:éé) gitgggethg%rggg%/ nJ'angagaEtiaQ.Lr{/s?:fC}%—Q% ,fb%%dwe\l\x%rz?ot subjected
to paraffin—modification. The hydrorefined heavy fraction obtained
during the start operation of the process was blended with the light
fraction, which has been subjected to sweetening, to give a final
gasoline product. The properties of the hydrorefined heavy fraction
obtained during the start operation of the process and the final
gasoline product were summarized in table 4. Table 4 shows that the
final gasoline product hada sulfux level of 8 ppm. However, the product
had a loss of 9.9 units in antiknock index, (RON+MON)/2. At 800 hours
from the start operation of the process, it was found that, if the
impurity content in the hydrorefined heavy fraction was to be
maintained at a level similar to that at the start operation of the
process, the hydrorefining temperature for the CH-18 catalyst had to
be increased by 5 C, as indicated in table 4. This implied that the
heavy fraction of gasoline A contacting the hydrorefining catalyst
without contacting a hydro-protecting catalyst Dbefore the

hydrorefining catalyst bed caused accelerated inactivation of the

hydrorefining catalyst.
Example 1

The comparative example was repeated except that the heavy fraction
of gasoline A and hydrogen were successively contacted with a
hydroprotecting catalyst, catalyst CH-18, and catalyst RIDOS-1, so
as to deeply hydrodesulfurizing, hydrodenitrogenating, saturating

olefins and increasing the ratio of i-paraffin to n-paraffin. The heavy
16



sumari zed in tables 2-3. The heavy fraction and hydrogen were
contacted with the hydrorefining catalyst CH 18, but were not

subj ect ed wionopsussas#i n- nodi fication. The hydrorefined heavynbioaedii@n
obtained during the start operation of the process was bl ended with
the light fraction, which has been subjected to sweetening, to give
a final gasoline product. The properties of the hydrorefined heavy
fraction obtained during the start operation of the process and the

final gasebiith &f gELETINMEL €a SLERBEhZAEL iy tiadhedrd- p}‘abéa@t heptealyst,
that the final gasoline product had a sulfur |level of 8 ppm

However , hefiea pHighec EontRit ®1| $§88 ofhan & &neﬁél??sramftﬁﬁoféqknq%?&é%g the
( ROMNO% dro f% &%Pp%aaysftf oM. & th nitt%geﬂ p&rﬁtehe n%@f etsee ge%sppm

it was fo fpurity cont Int y rore | ned heav
fracti onandsnt@ldfein amitehaiafedk ay xapJJumeeI mmilj'@rour@athameatrytfhe-ctlon

start operatlo of the roce drore ing te ratur.e.for
Pha' o 6E et Bte RIS cpRAORS derd O AL Sle UG, | SRS SIS 1S  ana
tabl e 4. ,dhisridPhbed: ’td&%ﬁoh%aclﬂiaﬁy E«aa%tlle@aeamgam@m@hafractlon
cont acti ng t he hydrorefining catalyst w thout contacting a

hydr o- pr el hag bean arpiectrd be eveheenigir b 8ivor AN 40aFgsinpRReduCE .
Caused a’%ﬁ%'reera%ttggn'%%lt\ff%é Pfnt 2&0 Ryt oL &fd Eh@gwt@%gg&ﬁeea heavy

he conparative exarrp e wa peated excep heavy
fr act | onfradt fyas alnidniehd fa,nellhgah:@]gme moéusbmsssmmﬁqrmdtmtt@blwi th

a hydroprotecti at 8, _an taI st R DOS- 1

as to degfﬁé 3’555%%5&"? %@Erﬂ G160 }‘F?B}jegaatl ng, o’ 3‘? uarr%itmcréaEe
ol ef i nsoerr_d.j @%&easlmghé hedid b8 Dipdrapanalfd m-barafpal,abnl the fIhel
heavy 16 WD 2005/ 061677 PCT/ CN2003/001107 fraction of glasol i ne A

after coﬁﬁé@%i#@pgﬁ@l%é@@%g@}.@ﬁ ,lﬁge%é)[fajam an olefin level of 18.2%

by volume {(lower by 31.1 percentage points than gasoline A) and an
increase of 0.2 unit in antiknock index. At 800 hours f£rom the start
operation of the process, it was found that the impurity content in
the hydrorefined heavy fraction was at & level similar to that at the
start operation of the process, as indicated in table 4. This implied
that the heavy fraction of gasoline A contacting a hydro-protecting
catalyst before contacting the hydrorefining catalyst contributed to

a stable operation of the procesgs over an extended period of time.
Example 2

The feed, FCC gasoline B, was cut at 88 C to give, based on the feed,
69.8% by weight of a heavy fraction (the remaining was the light
fraction). The properties of the whole fractions and the heavy fraction
of the feed were pummarized in tables 2-3. The heavy fraction and
hydrogen were successively contacted with a hydroprotecting catalyst,
catalyst CH-18, and catalyst RIDOS-1, so as to effect deep
hydrodesulfurization, hydrodenitrogenation, saturation of olefins
and increase the ratio of i-paraffin to n-paraffin. The heavy fraction

of gasoline B, after contacting the hydro-protecting catalyst, had
17



‘had a diene content of less than 0.2 91/100g; after contacting the
hydrorefining catal yst, had a nitrogen content of less than 0.5 ppm
and an ol efysigroesient of 0% by vol une . The hydr ot r eat efctye8¥03/001107
fraction of gasoline A obtained from hydro-protecting,
hydrorefining and paraffin-nodification reactions, was bl ended with
the light fraction, which had been subjected to sweetening, to give
a final gasoline product. The reaction conditions and the properties
of the hyd@etneatedrbenvyr fieaet thanandzt be/foms mlimt;arcodiugt the
were sunmmarized in table 4. Table 4 shows that the hjydrotre

heavy fréﬁﬂ?@?ﬁ%naﬁqtﬁéﬁ’ééséad&fn@@ﬂ?ﬁﬂcﬁqtleﬁttcﬁe r 2 FR° pRe an Sretin

i - par af f 'anﬁé’m? gaﬁ%a%]yl LA d t1Rg hiAbrrJAsel ﬁé@@pw%@imme fosoline

sul fur | eve o ‘efin [evel of 18. 2% vol une (1 ower

by 31.1 per @@lhhagedpﬁrmLshyﬁau prassictaBg A) haﬁaomﬁlqmr@é% wfragfin —
unit in antikpock index. At 800 ho e, 0 h
t he procg‘gélf?‘fa%é’s FEARE" T Hat wﬁ?e%%r%%r‘??ﬁttgonﬁéaflqht EE%Q{{&D ¥hic
hydr or ef hagdod@awynheacsd Mo wasedéning evel ghiarial 4indD Jasaiine piiveluct.

start operation of the process, as_indicatedq in taBI 4 his i
that the TheaxGAGtARE FRRAIGTOBASERS hEe P TRTTLIES RF & ﬁ?ﬂ’?ddf EFSFE‘E@%S‘VY
cat al yst fQEEQ!L?n COoR gﬁé' A 1182y 8L 8fbRiBY wAlAkisha DM HhUtadld 6.

[

a stabl e operation o he procCess over an extended period of tine.
Exanpl e Zabhe 5aedqwsFeﬁagatslm¢ Il'rleirBtrﬂa'Se@lheaﬁ'ﬁ’ ggacidam hgdvan iparsgse

on the feed 69. 8% b t .of [ e

the |i ghtot #r%REPGHY © %%g:r per?l es o Xf%:[ﬁ"%% ﬁng%rggtl?o%&akggt%gl
heavy fragkboine ?rddilﬁtf Red aefe SuTIereY et 161t aphesar?c@efTheldnssly pf
fraction and hydrogen were successi vel contal%ed vvlt % nd
hydr opr otlée£#nbY cegaimps pnd %’ét‘arlmi?%e(asel-ﬁ’ St 4P yRFEnsek. ¥

as to effect deep hydrodesul furization, hydrodenitrogenation,
saturation of olefins and increase the ratio of i-paraffinto
n-paraffin. The heavy fracti onExample 3

The feed, FCC gasoline C, was cut at 35 C to give, based on the feed,
60.1% by weight of a heavy fraction (the remaining was the light
fraction).Thepropertiesofthemmplefractionsandtheheavyfraction
of the feed were summarized in tables 2-3. The heavy fraction and
hydroganweresuccessivelycontactedwithzihydroprotectingcatalyst,
catalyst CH-18, and catalyst RIDOS-1, =so as to effect deep
hydrodesulfurization, hydrodenitrogenation, saturation of olefing
and increase the ratio of i-paraffin to n-paraffin. The heavy fraction
of gasoline C, after contacting the hydro-protecting catalyst, had
a diene content of less than 0.2 gl/100g; after contacting the
hydrorefining catalyst, hada nitrogen content of 1.2 ppm and an olefin
content of 0% by volume. The hydrotreated heavy fraction of gasoline
¢, obtained from hydro-protecting, hydrorefining and paraffin —
modification reactions, was blended with the light fraction, which
had been subjected to sweetening, to give a final gasocline product.
The reaction conditione and the properties of the hydrotreated heavy

fraction and the final gasoline product were summarized in table 5.
13



of gasoline B, after contacting the hydro-protecting catal yst, had

17 WO 2005/ 061677 PCT/ CN2003/ 001107 a di ene content of l|less than 0.2
gi / 100g; amtcetoogevitacti ng the hydrorefining catal yst, katcaznsoinegen
content of 0 .79 ppmand an olef in content of 0% by vol une. The
hydrotreated heavy fraction of gasoline B, obtained from

hydr o- protecti ng, hydrorefining and paraffin- nodification reactions,
was blended with the |ight fraction, which had been subjected to
sweet eni Aghlé 05 GiwavsathbhPpathgasarbbee prailtehvy Thaectieachbdrmnan increase
conditions and the properties of the h]iydr ot r eat ed heavi/ fracti og,g\%g
the finalPfgasbMmtésptndhe: Talere OSuhmRFAdd™ o FumPrgastinTapfethe &f

t hat theaq}g)égiﬁ?é %}o%qc?eﬁéﬁ/ d EatkhPM RRY 88 1MEHRaSe aPfo13£08 1S of
inthe ratio of i"-paraffin to n-paraffin, and the final gasoline
product hadsa sylfeiuteewed aflokdl ofpmerety dl-f LAl elelansfiknegk oopdsy -
vol une and an increase of 1.2 units in antiknock index. Exanple 3
The feed, FCC gasoline C, was cut at 95 C to give, based on the feed,
60. 1% by reei ght valieasheavythaacthen fdheyoiammiditegleds ddserlipghtn and
fraction) . The properties of the whole fractions and the E avy v
fracti on 2CEPTPREY FR5b EX IR % ARREIGTESY T SIFRES VD -23d iR IR 3'\8/ ¢ taken
fraction s DA r LEGSSS! Vs iach ediweh R sddefined solel
hydroprotaggﬁ%lg}égégg ;/ﬁg{&ﬁ iﬁl(‘:::zlt al ys?f\gﬁ-lal& and catal yst RIDOS-1, so Y
as to ef fizcthdeapoendedr cdednt fand zaeioneawiRE@ERI-t r ogenat i on,
saturation of olefins and increase the ratio of i-paraffin to
n-paraffin. The heavy fraction of gasoline C, after contacting the
hydro-protecting catalyst, had a diene content of |less than 0.2

gl /100g; after contacting the hydrorefining catalyst, had a nitrogen
content of 1. 2 ppmand an olefin content of 0% by vol une. The

hydr ot reat ed heavy fraction of gasoline

19



C, obtained from hydro-protecting, hydrorefining and paraffin -

nodi fication reactions, was blended with the Iight fraction, which
had been swy mod/edet7’0o sweetening, to give a final gasol poecntmsoeto?
The reaction conditions and the properties of the hydrotreated heavy
fraction and the final gasoline product were summarized in table 5.
is WO 2005/ 061677 PCT/ CN2003/001107 Table 5 shows that the

hydr otreat ed heavy fraction had an increase of 2.6 units in the
ratio of i-paraffin to n-paraffin, and the final gasoline product
had a sul fur |evel 0&b1802 pprropéntdéefdim dhev@eeds 19.8% by vol une
and a |logs of nerely U.o6 unit i[n anti KNOCK I hdex. t 1sjunderstood
that the|foregoing detailed dedcripf¢sth®and |acchfifithiyi ng p?%?éd_&.
are nerely pLlustyabive ang arg notoyﬂl‘tée t aken g agda m t{at igoRs ggpon
t he scope : , Heh—is—definedsotety—bythe—appended
cl ai ns angulhetrcatisntgl eptss. 19 WO 28005/ 061677 PEWWICN2003/ 0GB207
Table 2 Properfres of the Feedg Feed A Feed B Fe% Cé Dernsi tyj(42gC),
g/ cn8 0. 1219560 76RE§0738%  Sullf ur chht®ent . ppm 85 1400 13002 " efin
content, \é%ﬁﬂ_‘g_né S8 54:3  Boilling range, C Initial boiling point 3

FaVaVAN ot ) O-A

34 45 10% 4844 56— 50987847100 Frmal—boifiing pol nt IBI 196 21T
34 45

[e)

Ant i knock i naexiz85b21i8En6 p@1ns 30
10% 48 44 50
50% 87 84 100
Final boiling point 181 196 211

Antiknock index 85.2 8B6.6 87.3
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20 WD 2005/ 061677 PCT/ CN2003/001107 Table 3 Properties of the Heavy
Fractions HCN* of HCN* of HCN* of Gasoline A Gasoline B Gasoline C
Density (2G@z2009dsa6v8 0. 7432 0.7605 0.7836 sul fur, ppm 20€&cRid6roddH2
nitrogen, ppm53 46 144 A efins, v% 47.2 34.8 46.9 Dienes, gl/100g
1.51.3 1.7 Boiling range, 'C lnitial boiling point 62 68 71 10% 82
91 94 50% 115 125 137 Final boiling point 186 189 220 Anti-knock
index 83.0 82.6 85.4 *HCN. heavy fraction 21 WO 2005/ 061677

PCT/ CN2003/ 001107 Tahlee 4 rRepekt 08 Gonditid armvandrtbeidoperties of
t he Hydr gtreated—Heavy Fractigns and t he Final Gasol neLProduct ¢
Exanpl es{ Conp. exanpl e Exanpl ¢ 1 H§%Er &5 ng ti FEY*heBor 80B“BERPLs0!
Hydr ogen| partial pressure, MPa 3§%§§1§n§'3 3;@a§{31r‘°ﬁe eRCtE s 2B L&D

OJ

280 280 |-Secend—+eactor 316--370—tiqutg—hourty-spac vetocity,

h-' First reaetef 4o0)40ck. 0 (4. 0.7432 0.7605 0.78 36
gulfur, ppm 106 2100 1502
nitrogen, ppm 53 46 144
Olefins, v% 47.2 34.8 46.9
Dienes, gI/100g 1.5 1.3 1.7

Boiling range, C

Initial boiling point 62 68 71
10% 82 51 94
50% 115 125 137
Final boiling point 186 189 220
Anti-knock index 83.0 B2.6 B5.4

*HCN: heavy fraction
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Second reactor - - 0.8 0.8 Hz/oil, Nmi/m 500 500 500 500 Effl uent
fromthe hydrorefining sulfur, ppm5 5 5 6 nitrogen, ppm<0.5 <0.5
<0.5 <0.5 wa) mhbsmae77v /0 0 0 0 O Ratio of i-paraffin topormanabbomor
3.3 3.3 3.3 3.3 Properties of the hydrotreated heavy Wt hout
paraffin fractions - nodification Density (20°'C), 9/cm 0.7400 0.7403
0.7237 0.7238 sulfur, ppm5 4 3 3 Mercaptan, ppm <3 <3 <3 <3
nitrogen, ppm<0.5 <0.5 <0.5 <0.5 defins, v%60 0 0 O Anti knock

i ndex 59. 416916 45182266160 Rahiior 0dnd aparaff Progen tipaoaffienHBddtXedted
6.6 6.6 Properties.of final gasoline product Densjt (P20' C, g/cm
0.7077 0.6997 sul He#vy gisncgigns speg jthe F&b)@loﬁjsﬁ%l%? AREPERock

I ndex 75.3 85.4 .*SOR start of runmni 2 05/ Q061677

bOT D Ob /. GBIABIe oot o b React -om | coaus s kAT 102 Propert res—of
t he Hydrptseated.Heamy, kEractions and tdue=Fi ngl s@asol|i neosr odyctsoo
Exanpl es[Exanpte 2 EXanpl € 3 Hydrogeg gartle 3pr2essur§,2 MPa 3.3223. 2

Hydrogen partial pressure, MPa

First reactoxr 280 285 2B0 280

T: ,C,u
Second reackor - - 370 370

Liguid hourly space velocity, h™

First reactor 4.0 4.0 4.0 4.0
Second reactor - - 0.8 0.8
B,/0il, nNm*/m 500 500 500 500

Effluent from the hydrorefining

sulfur, ppm 5 5 5 6

nitrogen, ppm <0.5 <0.5 <0.5 <0.5

plefins, v% 0 0 0 ¢
Ratio of i-paraffin to n-paraffin 3.3 3.3 3.3 3.3

Properties of the hydrotreated heavy| Without paraffin

fractions -modification
Density (201C), g/cm® 0.7400 0.7403 0.7237 0.7238
sulfur, ppm 5 4 3 3
Mercaptan, ppm <3 <3 <3 <3
nitrogen, ppm <0.5 <0.5 <0.5 <0.5
Olefins, v% 0 0 0 0
Antiknock index 50.4 59.6 75.9 76.0
Ratio of i-paraffin to n-paraffin 3.3 3.3 6.6 6.6

Properties of final gasoline product

Density (20C), g/cm® 0.7077 0.6997
sulfur, ppm 8 [°]
olefins, v% 19.3 18.2
Aantiknock index 75.3 85.4

*30R: start of running
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T, C First reactor 280 290 Second reactor 370 380 Liquid hourly
space velocity, h"1 First reactor 4.0 4.0 Second reacotr 0.8 0.8
Hz/ oi |, Nn#/orBo&06¢H00 Effluent fromthe hydrorefini ngporioNnegeneiigmpm
0.79 1.2 olefins, v%0 0O Ratio of i-paraffin to n-paraffin 3.95 3.1
Properties of hydrotreated heavy fractions Density (200, g/cm

0.7421 0.7600 sulfur, ppm 28 36 nercaptan, ppm <3 <3 nitrogen, ppm
<0.5 <0.5 olefins, v%0 0 Antiknock index 82.6 81.2 Ratio of

i -paraffin Table ﬁ&t@‘dtiim?cdhﬁtloné’rar@thé@rdpfer‘i:hé@log&ﬂr@ Hfi@rotreated
products Density (20 [cnmB 0. 7077 7300 sul fur, ppm 161 100

ol efins, vo 16.9 15°8 YA?rgﬁaiql;ﬁBE‘E %Bidé:h% Fpna}Gagolipse BrodRchr ocess

for redUC|ng sul fur and olefin contents in

Examples Example 2 Example 3
Hydrecgen partial pressure, MPa 3.2 3.2
T, T
First reactor 280 290
Second reactor . 370 380

Liguid hourly space velocity, h™

wirgt reactor 4.0 4.0
Second reacotyr 2.8 0.8
H,/0il, Nm*/m? 500 500

Effluent from the hycdrorefining

nitrogen, ppm 0.79 i.2
clefins, v% . 0 0
Ratio of i-paraffin to n-paraffin 3.85 3.1

Properties of hydrotreated  heavy

fractions

Density (20C), g/cm® 0.7421 0.7600
sulfur, ppm 28 36
mercaptan, ppm <3 <3
nitrogen, ppm <0.5 <0.5
olefins, v% 0 0
Antiknock index 82.6 81.2
Ratio of i-paraffin to n-paraffin 7.0 5.7

Properties of final gascline products

Density (20C), g/cm® 0.7077 ©0.7300
sulfur, ppm lel 100
olefing, v% 6.9 ' 19.8
Antiknock 87.8 86.7
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gasoline, conprising: a) contacting gasoline feedstock and hydrogen
with in order a hydro-protecting catalyst and a hydrorefining

catal yst under reaction conditions including a hydrogen/gasoline
rati o of 200-600 NnB/nB, a hydrogen partial pressure of 1.0 to 4.0
MPa, a tenperature of 200-380C andg jii@ui d hourly space velocity of
3.0-5. 0 h-1, wherein said hydro-protecting catalyst conprises one
or nore netals fromGoup VIII, one or nore netals from G oup VI B,
and one or nore alkali netals, supported over an al um na supporter;
and b) cort-acth MFAIRShykporeeineangasoliive and Hidogencontantyg in
paraffin-nodi fication catalyst under reaction conditions including a
hydr ogen/ GESST T ¢ SXPBP 615508 1000 N8B/ B, a  hydrogen parti al
pressure of 1.0-4.0 MPa, a tenperature of 300-460C and a |liquid
hourly space velocity of 0.5-4.0 h-1 to provide an effluent, which

I S separ at8d comatalttding yheolliydr Heedatedkgasdlhynerdgactwiarhy iwheréen
the paraffin-podification catalyst conprises one or_nore noble_ or
non- nobl e ATBEIEC fRERh €F oI VFRE2AHEL0ANG Sup YA 1T 3 hEng PeRTadyet

Tabl e of E|l epents, _s orted er_a su rter containin t least a
zeolite. Pnckie BrasbeBRo iR WP Bafey & il faaallie
i's the whala fd aat ORS 0@ N&° Pt ! a0hyliRegehobarkhiaat beassefre BECL. 0
gasol i ne, deep catal ytic cracking gaSoline, straight-run gasoline,
coker gasdid Me,0 piPeol psicemgaseltine ofheowal380Xd sndcki hjggasohonelwnd

a mxture thereof. 3. The_process of claim?2, wherein_said gasoline
. , wherein said hydro-prdétecting

f eedst ock Space velocity o£'3.0-5.0h
catalyst comprises one or more metals from Group VIII, one
or more metals from Group VIB, and one oxr more alkali metals,

supported over an alumina supporter; and

b) contacting the hydrorefined gasoline and hydrogen with
a paraffin-modification catalyst under reaction conditions
including a hydrogen/gasoline ratio of 200-1000 Nm'/m’, a
hydrogen partial pressure of 1.0-4.0 MPa, a temperature of
300-460TC and a liquid hourly space velocity of 0.5-4.0 h™
to provide an effluent, which is separated to obtain the
hydrotreated gasoline fraction, wherein the
paraffin-modification catalyst comprises one or more noble
or non-noble metals from Group VIII and/or Group VIB of the
Periodic Table of Elements, supported over a supporter

containing at least a zeolite.

2. The process of claim 1, wherein said gasoline feedstock
is the whole fractions, or a part of the whole fractions of
FCCgasoline, deep catalytic crackinggasoline, straight-run

gasoline, coker gasoline, pyrolysis gasoline, thermal
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is a heavy fraction of FCC gasoline, deep catalytic cracking

gasol i ne, straight-run gasoline, coker gasoline, pyrolysis gasoline,
thermal cracking gasoline and a m xture thereof cut at a tenperature
of 70-100,C. 4. The process of claim3, wherein the light fraction of

the FCC gasolingy geepicatabyli 6 aiaekhRg cgasdMe, straight-run
gasol i ne, coker gasoline, pyrolysis gasoline, thermal cracking

gasoline and a m xture thereof cut at a tenperature of 70-100°Cis
subjected to sweetening treatnment, and the sweetened_ |ight fraction
i s bl ended wWTle PROIRFE Or 640dR 2gasberaenf patdi snsedbigpvEeadsfrask

gasoline product. 5..The proc f claiml, wherei he .gasol i.pe
Poedst ook L S artar i Tkt ol citetnohing ¢ et 8ataa 58 38ath ng
claimb5, whes®iihd h%t%i@ﬂﬂterdﬁ%_@tsg&%e,Ceaﬁc@&nﬁageiﬁﬁ%, Byryelune
of olefins. 7. The process of claim6, wherein the gasoline feedstock
cont ai ns 3IaHiPhiy, Vidienrmea bfcxaeting. g8soThee pandessmiktakai bthéreof
wherein the hydrorefining catalyst conprises one or nore non-noble
netal s frSHGduP g eeBatersupiViPr188dpert ed over an al uni na or

anor phous alum num silicate. 25 9. The process of claim1, wherein
said hydro-protecting catalyst conprises an al um na supporter and,

support ed ovehe phecakdndha 1RPAr,t fherS@nafie /1 RfntNifrat st o tMé
and an alkali nmetal, with Co and /or Ni present 1n an anount of O.

5-8- by wéithgasivbiard/drep:ptedgntcigrarkianpgatsodfing, 250raight weiight

and the al kal i netalcpresent in_an anmount of Q. 5-8% by weight,
gasoline, oker gasoline, pyrolysis gasoline, “thermal
cracking gasoline and a mixture thereof cut at a temperature
of 70-100TC is subjected to sweetening treatment, and the
sweetened light fraction is blended with the hydrotreated

gasoline fraction to give a final gasoline product.

5. The process of claim 1, wherein the gasoline feedstock

contains 1-70% by volume of olefins.

6. The process of claim 5, wherein the gasoline feedstock

contains 20-65% by volume of olefins.

7. The process of claim 6, wherein the gasoline feedstock

contains 35-60% by volume of olefins.

8. The process of claim 1, wherein the hydrorefining catalyst
comprises one or more non-noble metals from Group VIB and
Group VIII supported over an alumina or amorphous aluminum

silicate.
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all cal cul ated as oxi des and based on the total amount of the

catal yst, the bal ance being the alum na supporter. 10. The process

of claim9, wherein said hydro-protecting catalyst conprises Co and
/ or Ni in an anount of 1-6% by weight, Mo and / or Win an anount

of 4-12% by welddides 108 BLEShI 1T 1Akl A% AT Ua R - 2roe 88 Dy

wei ght, al'l” cal cul ated as oxides and based on the total anmount of

t he cat alogstaltdie chalpariee shahngl wihenaldippar tsawp poid, esuppdrtEdecver
process of claim1, wherein the paraffin-nodification _catalyst
conpr i ses t@s5 a0 isiA EIRPRE 8T orfé0 crndof eoFeihl Mo faBdd aF oipans| an
and 10-75 % by weight of. eol | the_bal ance. being alumna. _12,
The procedd KT LRaPALL s G ERATH. ¢ RE PP ER CbarH S50 o 25oat &7 05t
conpri ses ‘53&%Mt¥‘@h&'&hd9for’\%ﬁrfﬁ%én@&n% amiowe o By Vi gk, 9L : Wer
Mo and 30-40 % by wei ght of ZSM5 zeolite, the bal ance being

al um na. Exhd The gilacesnectoblgped veds iwhen emoudtec&fd | 3red% biyrweighe,
hydrorefining reactions has a nitrogen content of less than 2 Epn%
Q

and an ol &liln EIRERt aesidpm T BASAA e, thxe total amoun

the catalyst, the balance being the alumina supporter.

10. The process of claim 9, wherein said hydro-protecting
catalyst comprises Co and / or Ni in an amount of 1-6% by
weight, Mo and / or W in an amount of 4-12% by weight and
the alkali metal in an amount of 2.5-6% by weight, all
calculated as oxides and based on the total amount of the

catalyst, the balance being the alumina supporter.

- 11. The process of claim 1, wherein the paraffin-modification
catalyst comprises 0.5-10% by weight of one or more metals
from Group VIII, and 10-75% by weight of a zeolite, the balance

being alumina.

12. Theprocessofclaimll, whereintheparaffin-modification
catalyst comprises 1-5% by weight of Ni and / or Co, 5-30%
by weight of W or Mo and 30-40% by weight of ZSM-5 zeolite,

the balance being alumina.
13. The procesgs of claim 1, wherein the effluent from the

hydrorefining reactions has a nitrogen content of less than

2 ppm and an olefin content of less than 5% by volume.
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