PROCESS FOR REMOVI NG SULFUR FROM NAPHTHA FI ELD OF THE
I NVENTI ON [0001] This invention relates to a process
woaoosriesmByi ng sul fur from naphtha. Mre parti ceCamisygos/015122

sul fur is renoved from naphtha using a three-step
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naphtha, which contains substantial amounts of sulfur and olefins.

[0003] A common method for reducing the sulfur content of catalytically
cracked naphtha feedstocks is by hydrotreating using catalysts that convert sulfur-
containing species to hydrogen sulfide. The extent to which hydrotreating lowers
the sulfur content of the hydrotreated product is typically dependent on the catalyst
and hydrotreating conditions. For any given hydrotreating catalyst, the more severe
hydrotreating conditions would be expected to reduce the sulfur content to the
greater extent. However, such severe hydrotreating conditions normally result in a
loss of molecules contributing to desirable octane propetties either by cracking to
non-fuel molecules or hydrogenation of olefins to molecules having lower octane
rating. As the hydrotreating catalyst ages, it normally becomes necessary to adjust
reaction conditions to maintain an acceptable catalyst activity. However, such

adjustments result in further loss of desirable molecules contributing to high octane.



reaction conditions to maintain an acceptabl e catal yst

activity. However, such adjustnents result in further
wbases/10873desi rabl e nol ecul es contributing to hpgius2005/015122

octane. This then results in increased production costs

to produce high octane fuels because of the need to

boost octane through added process steps such as

i sonerization, blending or addition of octane boosting

additives. [0004] One approach to addressing the

probl ens associated with conventional hydrotreating is

to use sel ective hydrodesul furization, i.e.,

hydr odesul furizing a feed with sel ective catal ysts,
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"recombinant" or "reversion" mercaptans.

[0005] It is known that hydrotreating can be followed by additional steps such as
adsorption or liquid extraction for mercaptan removal. An example of such post-

hydrotreatment mercaiatan removal is U.S. Patent 6,228,254,

[0006]  There is still a need to improve the sulfur removal process from feeds.



(1) contacting the feed with a hydrotreating catal yst
under hydrotreating conditions such that at |east 50
woRosw1es730l efins in the feed are preserved andrat/use@snisi22
95 wt. % of the sul fur conmpounds in the feed are
converted to produce a hydrotreated effluent, (2)
contacting the hydrotreated effluent with a nercaptan
renoval agent to produce a second effluent containing
| ess than 30 wopm total sulfur, based on second
effluent, and (3) contacting tshe second effluent with
an adsorbent containing a reactive netal on an
i norgani ¢ support to produce a napht ha product
containing Il ess than 10 wopmtotal sulfur, based on
SEMIVPERY OIUTHE [NYIBNTTON present process al l ows the
catal ysts to operate under conditions that produce a

verézl ow sul fur product while maintaining octane.
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[0008]  The present process allows the catalysts to operate under conditions that

produce a very low sulfur product while maintaining octane.

BRIEF DESCRIPTION OF THE DRAWING

[0009]  The Figure is a schematic showing the sulfur removal process.

DETAILED DESCRIPTION OF THE INVENTION

[0010]  The feedstock used as feeds in the present process are naphthas including
petroleum naphthas, steam cracked naphthas, FCC naphthas, coker naphthas and
mixtures thereof. FCC naphtha includes light, intermediate and heavy cat naphtha.
Naphthas generally have final boiling points below 232°C (450°F), have olefin
contents of up to 60 wt.% olefins, and may have high levels of sulfur compounds

up to 4000 wppm or higher, based on naphtha. Typical olefin and sulfur contents



wppm [0011] Hydrodesul furization (HDS) of naphtha
feeds is acconplished by hydrotreating under

woaoditis3ens that will preserve at | east 50 wt . P€ofusties/nisi22
olefins present in the feed while at the sane tine
achieving at |east 95 wt. % conversion of sul fur
conpounds. O the sul fur conmpounds renaining in the
hydrotreated feed, >75 w.% is often present as
mercaptan sul fur. Although nercaptans in the feed
along with other sulfur-containing species such as
sul fides, disulfides, cyclic sulfur conpounds such as
t hi ophenes and aromatics containing sul fur may be
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mercaptans. These mercaptans are known as reversion mercaptans, and are
generally of higher molecular weight (C,+) than the mercaptans originally found in
the feed. Such selective hydrotreating includes contacting the naphtha feed with
hydrogen in the presence of a hydrotreating catalyst under selective hydrotreating
conditions. Sulfur concentrations may be determined by standard analytical
methods such as x-ray fluorescence, pyrolysis/UV fluorescence and potentiometry

(ASTM 3227).

[0012] Hydrotreating catalysts are generally those with minimal hydrocracking
activity (<10 wt.% conversion to lower boiling components) and include Groups 6,
9 and 10 metals and mixtures thereof (Groups are based on the IUPAC format with
Groups from 1 to 18). Especially preferred are Ni, Co, Mo, W and mixtures



neodyni um oxi de, yttrium oxi de and praesodyni um oxi de,
oxi des of chrom um thorium uranium niobium and
woOaoisalismsy tin oxide, zinc oxide, and al um nunmPCT/US2005/015122

phosphate. A preferred support is alumna. Preferred
catal ysts are Ni/M and Co/ M on an al um na support.
The amount of netal calculated as netal oxides, either
individually or as mxtures ranges fromO0.5 to 35
wt.% based on catalyst. In the case of mxtures, the
Goup 9-10 netals are preferally present in anounts of
0.5to 5 wm.%and the Goup 6 netals in anmounts of
from2 to 30 wt.% The hydrotreating catal ysts may
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catalysts are further described in U S. 6,013,598

[0013) | 3 preEéataDEabBEt that exKibite higlshpdYodefilfurization activity while
preserving at least 50 wt.% of the feed olefin content is a Mo/Co catalyst having the
following properties, including (a) a MoO; concentration of 1 to 10 wt.%,
preferably 2 to 8 wt.%, and more preferably 4 to 6 wt.%, based on the total weight
of the catalyst; (b) a CoO concentration of 0.1 to 5 wt.%, preferably 0.5 to 4 wt.%,
and more preferably 1 to 3 wt.%, also based on the total weight of the catalyst; and
(c) a Co/Mo atomic ratio of 0.1 to 1.0, preferably from 0.20 to 0.80, more
preferably from 0.25 to 0.72. Other properties of the preferred catalyst include: (d)
a median pore diameter of 60 to 200 A., preferably from 75 A to 175 A, and more
preferably from 80 A to 150 A; (e) a MoOj; surface concentration of 0.5x10™ to
3x10™* g. MoO; /m?, preferably 0.75x10™ to 2.5x10™, more preferably from 1x10™
to 2x10™* ; and (f) an average particle size diameter of less than 2.0 mm, preferably

less than 1.6 mm, more preferably less than 1.4 mm, and most preferably as small



[0014] Hydrodesul furization conditions for the naphtha
feedst ocks include: tenperatures from 2000C to 425°C
wonefsanaiiy from 2600C to 355°C;, pressures frorCHRS52006/015122
5617 kPa (60 to 800 psig), preferably from 1480 to
3549 kPa (200 to 500 psig); liquid hourly space
velocities of 0.5 hr 1 to 15 hr 1, preferably fromO0.5
hr 1to 10 hr 1, nore preferably from1l hr 1 to 5 hr 1,
and hydrogen feed rates of 178 to 1068 nWnB8 (1000 to
6000 scf/b), preferably from %8 to 534 nB/n8 (1000 to
3000 scf/b). Hydrogen purity may be from 20 to 100
vol . % preferably from65 to 100 vol.% [0015] The
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HEeveled, the tenperature and space velocity nmay be
i ncreased over the hydrotreating tenperature and space
vel ocity used for the first step hydrotreating. The

PR - 8B Rreod enlRidv e igat 1645t 1575 of the mercaptan in the
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olefins in the hydrotreated effluent from step one to produce a second effluent

having at total sulfur content of less than 30 wppm. The methods for meeting the
second step conditions include at least one of a second hydrotreating step,
mercaptan adsorption, mercaptan extraction, mercaptan removal by at least one of

depressurization and thermal or catalytic treatment, or membrane separation.

[0016] In the case of a second hydrotreatment step, it is preferred that
hydrotreated effluent from step one be stripped of hydrogen sulfide and ammonia
prior to the second hydrotreatment step. The second step hydrotreating catalysts
may be the same as for the first step hydrotreating. The hydrotreating conditions
may also be the same ranges as for the first step hydrotreating conditions. If
desired, t1,16 temperature and space velocity may be increased over the hydrotreating

temperature and space velocity used for the first step hydrotreating. The conditions



the extent possible. [0017] Mercaptan adsorption is a
non- hydrotreati ng neans of renoving nercaptans from
woeensi1zm3d products. It is preferred that hydrecraatmdoisi22
effluent fromstep one be stripped of hydrogen sulfide
and ammonia prior to the adsorption step. In one
enbodi nent, nercaptans are adsorbed by neans of
chem sorption using netals or nmetal oxides. Metals nay
be from Goups 7-12 of the | UPAC periodic table and
include at |east one of Ni, Cg_ Cu, Pt, Zn, M), and Cd
which netals or netal oxides nay be supported on a
porous carrier such as clay, carbon or netal oxides
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adsorbents that physically adsorb nercaptans. This
the gxtendpossiblsr bent s typically utilizes nol ecul ar
sieves as the adsorbent. Exanples of this type of
adsor bent include crystalline netal silicates and
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U S. " Patent 5, 843, IS incorporated hereln in

stert oneby staippedsofary deogempdudfidé ahd enuseniafprivettalthe adsorption step.
exchanged_ zeolites. Adsorption can al so be i ) )
ehimeibymprsapEas gsh adsorbed by means of chemdsorptipoising
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Y~ PR oD G BraY Tutetioh AfaRgaErAAilgn | Anpgier form of adsorbent
i5 BAERFER b sorbents that physically adsorb mercaptans. This class of adsorbents
typically utilizes molecular sieves as the adsorbent. Examples of this type of
adsorbent include crystalline metal silicates and zeolites of the faujasite family such
as zeolites X and Y, zeolite A and mordenite. Adsorbents may include metal
exchanged forms with metals from Groups 1-12. U.S. Patent 5,843,300 is
incorporated herein in its entirety and is an example of the use of metal exchanged
zeolites. Adsorption can also be accomplished by ion-exchange resins. In the
adsorption technique, the naphtha effluent from the HDS reactor is contacted with
adsorbent usually in the form of a fixed bed. In the case of mercaptans that are
removed by physical techniques, it may be possible to regenerate the adsorbent by
heating, reduced pressure, stripping or some combination thereof to desorb the
mercaptans. Those adsorbents that function by chemisorption are typically
replaced when spent as they are non-regenerable or very difficult to regenerate.

Contacting with adsorbent is normally at ambient temperatures for physical



Contacting with adsorbent is normally at anbient
tenperatures for physical adsorbents whereas
wohersiizsmpt i on operates at el evated tenperat ur e6TK2005/015122
70Q0C up to 5000C. [0018] Mercaptan extraction to
retain 75 wt.%of olefins while renoving at |east 75
wt. % of nercaptan may be acconplished using caustic
extraction. Caustic extraction using the MEROX'" and
EXTRACTI VE MEROX" processes are avail able from UOP
Products, Des Plains, IL. In tyhese processes,
oxi dation of the caustic phase is acconplished using
an iron group-based catal yst. Phase transfer catalysts

mr%tﬁdﬁ!ﬁ?eés%hbﬁﬁs&ﬁibﬁﬁ) 'bllfét‘ﬂes dtfelévatéd BMndiaiied 8f 70°C up to

sel ectively extract napht ractions for rcapt ans
$B30°Q caustic extraction containing cobalt

pht hal ocyani ne as disclosed in U S. Published Patent
Appl i cation 2003/ 0052044, which in incorporated herein
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fraction to renove nercaptans. Contacting between
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from napht ha by depressurizing the hot naphtha from
whishipsneasporased hetean imits ontiredat Otheriselective entrpbtnhts include
AP0 B R RESS LR i N B Tbise bIES may be
combined with other separation techniques such as fractionation into light and
heavy naphtha fractions and extracting the light fraction to remove mercaptans.
Contacting between hydrotreated naphtha and extractant may be liquid-liquid or
vapor-liquid using conventional equipment such as packed towers, bubble trays,
stirred vessels, fiber contacting, rotating disc contacting and the like. Contacting
temperatures may range from ambient to mildly elevated temperature such as

100°C depending on the extractant system employed. Pressures can range from 0

to 200 psig.

[0019] Mercaptan removal from naphtha by depressurizing the hot naphtha from
the HDS reactor, thermally treating the hot naphtha or both can be used for
selective mercaptan removal. In this method, hot naphtha from the HDS reactor is
rapidly depressurized which converts mercaptan to hydrogen sulfide. The pressure

is reduced to no more than 50% that of the HDS reactor, preferably no more than



rapi dly depressurized which converts nercaptan to
hydr ogen sul fide. The pressure is reduced to no nore
woOhes/15393at hat of the HDS reactor, preferably ROTSR®S/015122
t han25% pressure being neasured at the exit of the
HDS reactor. The total pressure at depressurization is
300 psig or less, preferably no nore that 200 psig and
the depressurization tinme is sufficient for the
effluent fromthe HDS reactor to reach thernodynam c
equilibriumat the final pressjre. Depressurization
tenperature is no less that that of the initial
tenperature of the HDS reactor. Depressurization can
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[0020] Membrane separation can also be used for separating sulfur compounds
from hydrotreated naphtha. Membrane separation involves the selective
permeation of sulfur compounds through a membrane. Membranes may be ionic or
non-jonic. Preferred ionic membranes include Nafion®-type membranes. Nafion
membranes are acidic membranes and hydrophilic in nature and are preferably used
in the presence of a transport agent. Transport agents such as alcohols and ethers
are sorbed by the membrane thereby increasing flux through the membrane. Their
selectivity for sulfur,compounds may be increased by reaction with organic bases.
Preferred non-ionic membrane materials are hydrophilic materials including
cellulose triacetate and polyvinylpyrrolidone. Non-ionic membranes typically do
not require a transport agent. In the membrane separation process, the hydrotreated

effluent from step one is passed through a membrane supported in a membrane



Preferred non-ionic nmenbrane materials are hydrophilic
materials including cellulose triacetate and
weoabosviisigh pyrrol i done. Non-ionic menbranes typPpcaiusyoodoisi22
not require a transport agent. In the nenbrane
separation process, the hydrotreated effluent from
step one is passed through a nenbrane supported in a
menbr anenodul e to forma sulfur rich perneate and a
sul fur lean retentate. The techni ques of nenbrane
separation are known and ref e%_nce is made to U S
Publ i shed Patent Application 02/ 01 11524 Al, which
is incorporated herein in its entirety. [0021] The
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prior to the reactive netal adsorption step. In the
sulfur removal step by active nmet al adsorbent, the
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esent he“reactive netal's are supported on a
support such as a netal oxide, clay or carbon. Such
orts include alumna, silica, silica-alum na, .
S ksi Theteaciivieanetal adwabent rhay hiclydesaneiels armetzhypsides which
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Cu, Zn, Ptand Pd. The reactive metal sorbents react with the sulfur species such as

—1

thiophenes to form metal sulfides. This may take place in the substantial absence
of hydrogen or hydrogen may be present. The reactive metals are supported on a
support such as a metal oxide, clay or carbon. Such supports include alumina,
silica, silica-alumina, magnesia, titania, zirconia, hafnia, carbon or clays such as

attapulgite and sepiolite.

[0023] The reactive metal adsorbent may be prepared by incipient wetness
impregnation of a support by a metal salt solution. The metal salt solution may also
contain an organic acid, amine or alcohol as an aid in metal dispersion. Preferred
dispersants are aminoalcohols such as alkanol amines. The impregnated support is

then dried, calcined and reduced to form a reactive metal adsorbent.



contain an organic acid, amne or alcohol as an aid in
nmetal dispersion. Preferred di spersants are
wamosaassohol s such as al kanol am nes. The i npregmuat®do15122
support is then dried, calcined and reduced to forma
reacti ve netal adsorbent.[0024] The contacting of the
product of step (2) of the present process, i.e., the
product resulting fromtreatnment with a nercaptan
renoval agent, with the reactive netal adsorbent may
take place in the sanme |locatigp or may take place in a
renote |location. By renote |ocation is neant that the
contacting wwth reactive netal adsorbent may take
[
togq (%@a‘{?g%ﬁf)“%&fgﬁ? ‘ﬁfod&b%%f*s!&? (b&%ﬁ%ﬂe%&rreb%hnt‘ﬁggg&s ie., the

pronlubmresuleimgt:ﬂr@n théXhkht ﬁ?ifh aaptdapaanprentiial agéitesvith the reactive
treatment with reactive netal adsorbent is very low.in

wetal adserbantmay dakssplaes i theassankologpipen Qnmamtakb alasg in@ remote

Iogelon By et Baafion i hisnst beb tielendtng wEhrai e Heral
Dok oLt t'ﬁgé%“ﬁtf(e lg)'l%be iHe I%kl‘%ﬂx’(%f oty %tnsﬂﬁlefl&éatﬂﬁﬁ'ﬁtx{}ﬁlchssteps (1)

con ' ne 0 se

M drsiit, fe ? i Z@érhﬁﬁalﬁﬁ&ﬁi—@baﬂi?a mbbsr vehéleha t hen

cont acts hy otreating catalyst 14 to produce a
hydr odesul furi zed effl uent and the effl uent i's
conduct 331 from react or thr ough |

K0dpb d e dinermaphshagprod I tFRapmpat WIHS r@%ﬁ&lwne@h adeqrbent is very
fgﬁ%ﬁé@ﬁﬁ&?@&%@{}%gﬁg Bl P oo Bact ) BRI, preferably

Te§4 tHah n, it bPefeblf 1dadithael y, hydrodesul furi zed
ef fl uent y ‘be directly conducted to nercaptan

renoval apparatus 30 containing nercaptan renoval bed
32 Fydrodesulfurlzed effluent_is passed through bed
pridgunecessde Eulepr @pcﬁnuvénf dchmh@.mgﬂ@ | lagtBe Fagire, high

R i e
SEAR13 B PN A P o
iypdrodewdfurized effluent and the effluent is conducted from reactor 12 through
line 16. Hydrodesulfurized efﬂugnt may be optionally conducted to stripping unit
20 through line 18 and stripped gases removed through line 22. Stripped effluent is
returned to line 16. Alternatively, hydrodesulfurized effluent may be directly
conducted to mercaptan removal apparatus 30 containing mercaptan removal bed
32. Hydrodesulfurized effluent is passed through bed 32 to produce a second
effluent containing less than 30 wppm sulfur. This second effluent is passed to line
34 where it may optionally be conducted through line 36 to a second stripping unit
and stripped gases removed through line 42. Stripped second effluent is returned to
line 34 through line 44. Alternatively, second effluent may be passed directly
through line 34 to reactor 50 and contacted with adsorbeﬁt containing supported

reactive metal in bed 52. The product that is obtained after passing through bed 52



l'ine 34 through line 44. Alternatively, second

ef fluent may be passed directly through line 34 to
woearst1037350 and contacted with adsorbent cont aPaTmg2005/015122

supported reactive netal in bed 52. The product that

i s obtained after passing through bed 52is a | ow

sul fur naphtha product containing I ess than 10 wppm

sul fur. This low sul fur product is renoved from

reactor 50 through [ine 54. [0027] The follow ng

non-limting exanple serves tqgqillustrate the

i nvention. EXAMPLE : [0028] A reactive netal adsorbent

was prepared by inpregnating a silica support with

, .
[} 1AL OMEEIR] GromOt SORMIIEITS] RKCEY NP R8fur, This low

66004 modutthe nemaned figni reactarfiethadwglelihe 58500C t o
convert the netal to the oxide form [0029] The
adsorbent in oxide formwas then reduced to N netal

by -pnl aci.ng .the s le in a flowthrough reacti.on .
(2% 23 Phenfoub e poniRiehe e foisg i Tt the iavention.
tenperature was ranped to 3500C. After hol ding at
3500C for 2 hours, the adsorbent was cooled to 2000C.
BXyeMIPILRe- r ange hydrocarbon bl end contai ning 80 ppmw
sulfur as thi ophene was then introduced to the
reaction unit containing the Ni adsorbent at 210 psig

kPa), 2000C and. 1 liquid hourly space velocity.,.
&fﬂ%ﬁf e i téactip ametal adsgrooid vmsdaeeereé ByAnNHEagnateIg & bidiga support

t.0orn SS roduct .resul ti from
b BEBTEGR o RBRRT e QB RURRIR PRI, o iRble wes
&hed BPReyaRelid 8 2880 and Tie RLGHHS the'Rsn °
cont a?n I elgésjlt har211 1vvppmnsul fur h@Agk/hS 113%&%?%:6:(2220 Cto
¢anvertethiometgl ®uht wxidofgraunds from a sul fur-cont ai ni ng
napht ha feed conprising: (1) contacting the feed with
a catalytically effective anbunt of a hydrotreating

ﬁﬁ)‘i@i yStThaena%sgybdeﬁl egxﬁg%{m wgsrt%terrl o 110%8 £6 ?\ﬂdrhgtia? Form by
placing the sample in a flow-through reaction unit and in contact with flowing
hydrogen. The temperature was ramped to 350°C. After holding at 350°C for 2
hours, the adsorbent was cooled to 200°C. A gasoline-range hydrocarbon blend
containing 80 ppmw sulfur as thiophene was then introduced to the reaction unit
containing the Ni adsorbent at 210 psig (1549 kPa), 200°C and 1 liquid hourly
space velocity. This feed is similar to the product obtained from step (2) of the
present process. The product resulting from feed treatment with the Ni adsorbent
was then cooled and analyzed for sulfur. The product was found to contain less

than 1 wppm sulfur.



such that at |east 50 wt.% of olefins in the feed are

preserved and at |east 95 w. % of the sul fur conpounds
wonoashe3f3eed are converted to produce a hydr ot Peamsenos/015122

effluent, (2) contacting the hydrotreated effl uent

with a nmercaptan renoval agent to produce a second

ef fluent containing |less than 30 wopmtotal sulfur,

based on the wei ght of the second effluent, and (3)

contacting the second effluent with an adsor bent

contai ning an effective anount3of a reactive netal on

an i norgani c support to produce a naphtha product

containing |l ess than 10 wopmtotal sulfur, based on

ChaAMBght of the naphtha product. 2. The process of

claim1l wherein the hydrotreating catalyst contains at

| east one of Ni, Co, Mo or Won an al um na support. 3.

The plocesd RIﬂC%ﬂS)fOb r@n@wmg@ulﬂm compbunds fronhe sulfur-containing
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(Zﬁr% precedi ng cl ai mwherein the hydrotreating

disulfon somposn@om(th): feettdredenvertpe taprodese (afh}fdromaated
0t 25 pre es of from 525 to 5617 kPa,
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treatnent; and nenbrane segar ation. 6. The process oOf
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2. The process of claim 1 wherein the hydrotreating catalyst contains at

least one of Ni, Co, Mo or W on an alumina support.

3. The process of any preceding ciaim wherein the hydrotreating
catalyst comprises MoQ; in a concentration of 1 to 10 wt.% based on the weight of
catalyst and CoO in a concentration of 0.1 to 5 wt.% based on the Weight of the
catalyst, and having a Co/Mo atomic ratio of 0.1 to 1.0.

4, The process of any preceding claim wherein the hydrotreating
conditions in step (1) include temperatures of from 200 to 425°C, pressures of from
525 to 5617 kPa, liquid hourly space velocities of from 0.1 to 15 hr'l, and hydrogen
feed rates of from 178 to 1068 m*/m’

5. The process of any preceding claim wherein the mercaptan removal

agent is at least one of a second hydrotreating step; chemical or physical



conditions are the hydrotreating conditions of step
(1) except that the tenperatures are at |east 100C
woigisan3tshan those of step (1) and the |iquid Rowmsyoos/015122
space velocities are 1.5 tinmes greater than those of
step (1). 7. The process of any preceding claim
wherein at least 75 wt. % of olefins are preserved in
step (2). 8. The process of any preceding claim
wherein the reactive netal contains at |east one netal
fromGoups 1, 2 and 5-12, ang wherein the reactive
nmetal functions in the absence of hydrogen. 9. The
process of any precedi ng clai mwherein the naphtha

adsOghioh, EARtRIgRErabasH; déiﬁéssﬁnﬁmﬂ StHéIfrﬁ‘eLl treMRSER; '&nlﬁgﬁembrane

reactive netal is nickel, and wherei e support
soparationor e of nmetal oxi de, carbon, and clay. 10. The

process of any preceding clai mwherein step ((js) ; akes

I [ | ocation renote from steps 2

Prace ' Jpe process of any preceding clalmpwhére%n the se(cond hydrotreating
step includes second hydrotreating conditions and said second hydrotreating
conditions are the hydrotreating conditions of step (1) except that the temperatures
are at least 10°C higher than those of step (1) and the liquid hourly space velocities

are 1.5 times greater than those of step (1).

7. The process of any preceding claim wherein at least 75 wt.% of

olefins are preserved in step (2).

8. The process of any preceding claim wherein the reactive metal
contains at least one metal from Groups 1, 2 and 5-12, and wherein the reactive

metal functions in the absence of hydrogen.

0. The process of any preceding claim wherein the naphtha product
contains less than 5 wppm sulfur, wherein the reactive metal is nickel, and wherein

the support is one or more of metal oxide, carbon, and clay.

10.  The process of any preceding claim wherein step (3) takes place in a

location remote from steps (1) and (2).



