-1- PROCESS FOR REMOVI NG SULFUR FROM NAPHTHA FI ELD OF THE | NVENTI ON [ 0001]
This invention relates to a process for renoving sul fur fromnaphtha. Mre
particularly, sulfur is renoved from naphtha using a three-step process

i nvol ving hydrotreating, selective renoval of nercaptan sul fur and
adsorption to renove remai ning sul fur..1BACKGROUND OF THE | NVENTI ON [ 0002]
Envi ronnmental regul ations covering the sulfur content of fuels for internal
conbusti on engi nes are beconing nore stringent with regard to all owabl e

sul fur in fuels. Mtor gasoline sulfur content wll need to neet a sulfur
limt of 30 wppm bPROCESHEOR KIEMOVINGD SULLFER PROM NA®HTH /NS
mandated in the future. One of the main conponents of notor gasoline is
typically catalytically cracked naphtha, which contains substantial anmounts
of sulfur and_olefins. [00Q0 A comon net hod for reducing the sul fur
content of CMQEMM@N ha feedstocks is by hydrotreating
usi ng catal ysts that convert sulfur- containing species to hydrogen sulfide.
The extent t? i.ch hydrotreating lowers the, sulfur. content of the
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oct ane propefdrh@de Rirhdifingdulfiracking to non-fuel nolecul es or hydrogenation
of olefins to nolecules having | ower octane rating. As the hydrotreating

catal yst ages, it normally becomes necessary to adjust reaction conditions

to maintain an acceﬁt abl e cat al yst activit}/‘j However, such
BACKGROUND OF THE INVENTIO

[0002] Environmental regulations covering the sulfur content of fuels for
internal combustion engines are becoming more stringent with regard to allowable
sulfur in fuels. Motor gasoline sulfur content will need to meet a sulfur limit of 30
wppm between 2004-2006 with possible further reductions mandated in the future.
One of the méin components of motor gasoline is typically catalytically cracked

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 properties 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.



adjustnments result in further |oss of desirable nolecules contributing to
hi gh octane. -2- This then results in increased production costs to produce
hi gh octane fuels because of the need to boost octane through added process
steps such as isonerization, blending or addition of octane boosting

addi tives. [0004] One approach to addressing the problens associated with
conventional hydrotreating is to use selective hydrodesul furization, i.e.,
hydrodesul furizing a feed with selective catalysts, selective process
conditions, or both, to renove organosulfur while m nimzing hydrogenation
of olefins and octane reduction. For exanple, Exxon Mobil Corporation's
SCANf i ni ng process selectively desul furizes- cat naphthas with little or no
| oss in octane nunber. U S. Patent Nos. 5,985,136; 6,013,598; and

6, 126,814, all of which are incorporated by reference herein, disclose
vari ous aspecThisthet@wltsiingncrehsedprotuciairectstyo prpdnoeibigh detane Atedlobecause
processes have been devel oped to avoid signjficant ol efin saturation and
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olefins to fo mer ca sul.fur by reversian. Such nercaptans are often
referred to aérénd%ﬁﬁgé‘ﬁﬁﬂ’c]'OfSP{anFé%?té‘?%?‘fk‘ﬁHﬁ?%apt ans. [0005] It is known
that hydrotreating can be foll owed by additional steps such as adsorption
or liquid extg el =h pDQSt.-.:
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OF THE | NVENTI [ 0007] The process according to the invéntion Is a

t hree- st ep pr desbwithrelektivegatabatsy isslettivéprbesiesor ditions; @i both, togemape an
renoval and reactive netal adsorption. ) )
organosulfur while mmimizing hydrogenation of olefins and octane reduction. For

example, Exxon Mobil Corporation's SCANfining process selectively desulfurizes
cat naphthas with little or no loss in octane number. U.S. Patent Nos. 5,985,136;
6,013,598; and 6,126,814, all of which are incorporated by reference herein,
disclose various aspects of SCANfining. Although selective hydrodesulfurization
processes have been developed to avoid significant olefin saturation and loss of
octane, H,S liberated in the process can react with retained olefins to form
mercaptan sulfur by reversion. Such mefcaptans are often referred to as

"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 mercéptan removal is U.S. Patent 6,228,254.

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



The process for renmoving sulfur froma sul fur-containing naphtha feed
conprises: (1) contacting the feed with a hydrotreating catal yst under
hydrotreati ng conditions such that at |east 50 w.% of olefins in the feed
are preserved and at |east 95 w.% of the sulfur conpounds in the feed are
converted to produce a hydrotreated effluent, (2) contacting the
hydrotreated effluent with a nercaptan renoval agent to produce a second

ef fl uent containing |l ess than 30 wopmtotal sulfur, based on second
effluent, and (3) contacting the second effluent with an adsorbent
containing a reactive netal on an inorganic support to produce a naphtha
product containing |less than 10 wppm tot-8l- sul fur, based on napht ha
product. [0008] The present process allows the catalysts to operate under
conditions that produce a very |ow sul fur product while maintaining octane.
BRI EF DESCRI PTI ON OF THE DRAW NG [ 0009] The Figure is a schematic show ng
the sul fur r SUMMARYOFETHE DNMIENEDODESCRI PTI ON OF THE | NVENTI ON [ 0010]
The feedstock used as feeds in the present process are naphthas including
petrol eum napht has, steam cracked naphthas, FCC naphthas, coker naphthas and
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of the sulfur compounds in the feed are converted to produce a hydrotreated

effluent, (2) contacting the hydrotreated effluent with a mercaptan removal agent to
produce a second effluent containing less than 30 wppm total sulfur, based on
second effluent, and (3) contacting the second effluent with an adsorbent containing
a reactive metal on an inorganic support to produce a naphtha product containing

less than 10 wppm total sulfur, based on naphtha product.

[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 DPRAWING

[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), bave 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



Napht has al so typically contain nitrogen conmpounds in the range from5 to
500 wppm [00111 Hydrodesul furization (HDS) of naphtha feeds is
acconplished by hydrotreating under conditions that will preserve at |east
50 wt. % of the olefins present in the feed while at the sane tinme achieving
at least 95 wt.% conversion of sulfur conpounds. O the sul fur conpounds
remaining in the hydrotreated feed, >75 w.%is often present as nercaptan
sul fur. Al though nercaptans in the feed along with other sulfur-containing
speci es such as sulfides, disulfides, cyclic sulfur conmpounds such as

t hi ophenes and aromatics containing sulfur may be converted to hydrogen
sul fide, hydrogen sul fide may subsequentl|y4react with olefins to form

mer capt ans. These nercaptans are known as reversion mnercaptans, and are
general ly of higher nol ecul ar weight (C4+) than the nercaptans originally

found in therdngedonPBCld 4BWEYS biYE 100 €5 %@@ﬁigpﬁg re§psdetigely. CoiY alefing dndlide

napht ha feed with hydrogen in the presence hydr otreating catal yst
under sel ect i ggerhglsintindalthgolefmsgdiehes) and Sythuhydmrasinsavito olefimmsidoe
determ ned by standard anal ytical nethods such as x-ray fluorescence
pyrol ysi s/ UV ehains. eSulfuceorapaunsdstinphide mesregptansysiisnl #dey jnd hetgraryclic sulfur
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netal oxide s . Exanples of such nmetal oxide supports include al unm na,
silica and silica-alumna, titania, calciumoxide, strontium oxide, barium

oxi de, magnes{oT1PXxi d¥ydredefdfurizatio YAIDS) of naphtha feeds is accomplished by
hydrotreating under conditions that will preserve at least 50 wt.% of the olefins
present in the feed while at the same time\: achieving at least 95 wt.% conversion of
sulfur compounds. Of the sulfur compounds remaining in the hydrotreated feed,
>75 wt.% is often present as mercaptan sulfur. Although mercaptans in the feed
along with other sulfur-containing species such as sulfides, disulfides, cyclic sulfur
compounds such as thiophenes and aromatics containing sulfur may be converted
to hydrogen sulfide, hydrogen sulfide may subsequently react with olefins to form
mercaptans. These mercaptans are known as reversion mercaptans, and are
generally of higher molecular weight (C4+) 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 [UPAC format with
Groups from 1 to 18). Especially preferred are Ni, Co, Mo, W and mixtures



di at omaceous earth, | anthani de oxides including ceriumoxide, |anthanum

oxi de, neodynium oxide, yttrium oxide and praesodyni um oxi de, oxi des of
chromum thorium uranium niobiumand tantalum tin oxide, zinc oxide,
and al um num phosphate. A preferred support is alumna. Preferred catalysts
are Ni/Mo and Co/ M on an alum na support. The anmount of netal cal cul ated
as netal oxides, either individually or as m xtures ranges fromO0.5 to 35
wt.% based on catalyst. In the case of m xtures, the Goup 9-10 netals are
preferably present in amunts of 0.5 to 5w .%and the Goup 6 netals in
anounts of from2 to 30 w.% The hydrotreating catalysts nmay al so be bul k
netal catalysts wherein the anount of negal is 30 wt. % or greater, based on
catal yst. [00131 A preferred catal yst that exhibits high

hydr odesul furization activity while preserving at |least 50 wt.% of the feed
ol efin cont ghtreb BhdMetAs G ﬁir@p%hea%ﬂ @H:.M@i%%b&%ﬂﬁw@@@m | BRamplés

i ncluding (a) a MoQ3 concentration of 1 to 10 .% preferably 2 to w . %
and nore prefenabmetdl dxidéswpotts inelwdd abminagsilich andwali@hilundfia ttiteni@at al yst ;
(b) a CoO concentration of 0.1 to 5 wt.% preferably 0.5 to 4 w.% and
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either individually or as mixtures ranges from 0.5 to 35 wt.%, based on catalyst. In

the case of mixtures, the Group 9-10 metals are preferably present in amounts of
0.5 to 5 wt.% and the Group 6 metals in amounts of from 2 to 30 wt.%. The
hydrotreating catalysts may also be bulk metal catalysts wherein the amount of

metal is 30 wt.% or greater, based on catalyst.

[0013] A preferred catlalyst that exhibits high hydrodesulfurization 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 wi.%, 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 MoOjs surface concentration of 0.5x10” to
3x10™* g. MoOs/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



further described in U S. 6,013,598 which is incorporated hereinin its
entirety. [0014] Hydrodesul furization conditions for the naphtha feedstocks
i nclude: tenperatures from 200C to 425C, preferably from 260C to 355C,
pressures from525 to 5617 kPa (60 to 800 psig), preferably from 1480 to
3549 kPa (200 to 500 psig); liquid hourly space velocities of 0.5 hr"' to
15 hf', preferably from0.5 hf'to 10 hf', nore preferably from1 hf'to 5
hf', and hydrogen feed rates of 178 to 1068 nB8/n8 (1000 to 6000 scf/h),
preferably from 178 to 534 nB/n8 (1000 to 3000 scf(b). Hydrogen purity may
be from20 to 100 vol.% preferably from65 to 100 vol.% 100151 The second
step involves renpbving at |east 75% of the6mercaptan in the hydrotreated
effluent fromstep one while preserving at | east 75% of the remaining
olefins in the hydrotreated effluent fromstep one to produce a second

ef fluent havasgraaticaldbah ceminiercial bptssdesolffutizs font praves3Qinip phmchltatalystshael s
for meeting the second step conditions include at |east one of a second
hydr ot r eat i ngfusthep desarihedaptldS. 443:378 whichnis iecgsperatesddiergin inoks enfiretapt an
removal by at | east one of depressurization and thermal or catalytic
treatnment, or menbrane separation. [00161 In the case of a second
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desired, the tenperature and pace ve y may be |ncrease over
hydr ot r eat i ng500 Emig?rlaquid hoarly sppeeeelveities iof V. IBEbtd b hitheréferstly $taen 0.5

hydrotreating. [The conditions -/- and catal ysts qf t he second step

hydr ot r eat i nghirte ) e nentetpoeferabdy ifragn 1 hr'to 5 hr™, and hydrogen feed rates of 178
to 1068 m*/m> (1000 to 6000 scf/b), preferably from 178 to 534 m*/m° (1000 to
3000 scf/b). Hydrogen purity may be from 20 to 100 vol.%, preferably from 65 to

100 vol.%.

[0015] The second step involves removing at least 75% of the mercaptan in the
hydrotreated effluent from step one while preserving at least 75% of the remaining
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, tl'16 temperature and space velocity may be increased over the hydrotreating

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



hydr odesul furizati on of mercaptans over olefin saturation thus preserving
octane to the extent possible. 100171 Mercaptan adsorption is a

non- hydrotreati ng neans of renoving niercaptans fromfeeds and products. It
is preferred that hydrotreated effluent from step one be stripped of

hydr ogen sul fi de and anmonia prior to the adsorption step. In one

enbodi nent, nercaptans are adsorbed by neans of chem sorption using netals
or netal oxides. Metals may be from G oups 7-12 of the I UPAC periodic table
and include at |east one of N, Co, Cu, Pt, Zn, M1, and Cd which netals or
met al oxi des may be supported on a porous carrier such as clay, carbon or
metal oxides such as alumna. The nmetal s7or nmetal oxides adsorb sul fur by
chem sorption, typically by formation of nmetal sulfides. Another form of
adsorbent is based on adsorbents that physically adsorb nercaptans. This

cl ass of ads dJ@ﬂ@Ststdf%ggéfdﬁdbL%thfﬁ? ; ; eradir 'é‘d’&?fa%%' e adsor bent.

Exanpl es of this pe of sor e trystalline netal ¥silicates and
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nordeni te. Adsorbents may include netal exchanged fornms with netals from

G oups 1-12.theeRtenPpbesible5, 843,300 is incorporated herein inits entirety
and is an exanple of the use of netal exchanged zeolites. Adsorption can
al so be acconplished by ion-exchange resins. In the adsorption technique,

t he naphtha gffluent fromthe HDS reactor .is, contacted wt adsor bent
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metals or metal oxides. Metals may be from Groups 7-12 of the IUPAC periodic
table and include at least one of Ni, Co, Cu, Pt, Zn, Mn, and Cd which metals or
metal oxides may be supported on a porous carrier such as clay, carbon or metal
oxides such as alumina. The metals or metal oxides adsorb sulfur by
chemisorption, typically by formation of metal sulfides. Another form of adsorbent
is based on adsorbents 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 aiso 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



- 8- adsorbents whereas chem sorption operates at el evated tenperatures of
70C up to 500C. [0018] Mercaptan extraction to retain 75 wt.% of ol efins
while renoving at least 75 wt.% of mercaptan nay be acconplished using
caustic extraction. Caustic extraction using the MEROXTM and EXTRACTI VE
MEROXTM processes are available from UOP Products, Des Plains, IL. In these
processes, oxidation of the caustic phase is acconplished using an iron
group-based catal yst. Phase transfer catalysts my be added to the
extraction. It is also known to selectively extract naphtha fractions for
mer capt ans using caustic extraction containing cobalt phthal ocyanine as
disclosed in U S. Published Patent Applicagi.on 2003/ 0052044, which in

i ncorporated herein in its entirety. Qther selective extractants include
gl ycols, glycol ethers and m xtures thereof. Extraction techniques may be

conbi ned w t hadsbitstswhareat chemisepioflogsated tlf eRvaledaehipei@irarof 70°C dp wht
and heavy naphtha fractions and extracting the light fraction to renove

mer capt ans. $#i€Cacti ng between hydrotreated naphtha and extractant may be
liquid-liquid or wvapor-Iliquid using conventional equipnment such as packed
towers, bubble trays, stirred vessels, fiber contacting, rotating disc
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caustic phase is accomplished using an iron group-based catalyst. Phase transfer
catalysts may be added to the extraction. It is also known to selectively extract
naphtha fractions for mercaptans using caustic extraction containing cobalt
phthalocyanine as disclosed in U.S. Published Patent Application 2003/0052044,
which in incorporated herein in its entirety. Other selective extractants include
glycols, glycol ethers and mixtures thereof. Extraction techniques may be
combined with other separation techniques such as fractionation into light and
heavy naphtha fractions and exiracting 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

1s reduced to no more than 50% that of the HDS reactor, preferably no more than



I's reduced to no nore than 50%that of the HDS reactor, preferably no nore
than -9- 25% 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 thernmodynamic equilibriumat the final
pressure. Depressurization tenperature is no less that that of the initial
tenperature of the HDS reactor. Depressurization can occur in a

depressuri zation reactor. In the alternative, hot naphtha fromthe HDS
reactor is heated to a tenperature greater than the original HDS tenperature
t hereby converting nercaptan to H2S. In thge thermal treatnent nethod, the
total pressure of the hot naphtha fromthe HDS reactor is substantially
constant. The tenperature is at |least that of the HDS reactor, preferably

from great erpsfaprddsir@ belftPmedsinal af thd @it 6!"@16%1?8‘%@%%5.3]“8& totaPprdsSire at

reactor. Heating tinmes may  vary from 0.5 seconds to m nut es.” Addi ti onal

details rel addpressusizatien tbemtbpﬁ%roira@dsi ferably ndvaforelthit208tpsgandehe be found
in US Patent No. 6,387,249 131, which is incorporated herein inits
entirety. [Odeodsshrizhtiomtimseipantfidiont foatheatfmehtfrosethefldDSsepeoato regebul f ur
conpounds from hédrot reated napht ha. Menbrane separation invol ves the,.

sel ective pheredynmamisrequuiibrinm &b thaolindldressuseg Pepraswbization toyBpYAlIe s nay
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conpounds may be increased by reaction with organic bases. Preferred
non-ioni ¢ nethibrebyecomvteingmsrapeamipdiddhhld ihe thetnealitedasmienicinethiodg the total
pressure of the hot naphtha from the HDS reactor is substantially constant. The
temperature is at least that of the HDS reactor, preferably from greater than 0 to
100°C greater than the temperature of the HDS reactor. Heating times may vary
from 0.5 seconds to 10 minutes. Additional details relating to the depressurization
and thermal treatrnent may be found in U.S. Patent No. 6,387,249 B1, which is

incorporated herein in its entirety.

[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-ionic. 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



cellulose triacetate and pol yvi nyl pyrrolidone. Non-ionic nenbranes typically
do not require a transport agent. In the nenbrane separation process, the
hydrotreated effluent fromstep one is passed through a nenbrane supported
in a nmenbrane -10- nodule to forma sulfur rich perneate and a sul fur | ean
retentate. The techni ques of nmenbrane separation are known and reference is
made to U. S. Published Patent Application 2002/0111524 A, which is

i ncorporated herein in its entirety. 100211 The mercaptan renoval step
al l ows the subsequent step relating to adsorbent containing active netal on
a support to primarily renove any thiophenes that may remain in the treated
napht ha. The effluent fromthe nercaptan ri@wval step may be stripped to
renove H2S prior to the reactive netal adsorption step. In the sulfur
removal step by active netal adsorbent, the adsorbents are typically not
regener abl e anoddg e €orbasuifur hicH lpfefmeatb tayid af lRZ [leaineeterpaet iTie teehmdques
adsorbent may includes netals or netal oxides which netals are in a reduced
oxi dati on st afenembmlsepaxaaoalaxe knqwnmudud&mmeab sngdectn U.&: BuplishgdPatent
5-12. Exanpl es include Na, Wh, Fe, Cq, N, Cu, Zn, Pt
and Pd. The rﬁeml!q%n@@am]sldé@é pﬁls Wlélﬁ]étls mcqurﬁ@dshﬂrwurlng@effémé%tk uch as

t hi ophenes to formnetal sulfides. This may take place in the substanti al
absence of hydrogen or hydrogen may be present. The reactive netals are

suppor ted on [Bozf]“pp Ei?tﬁﬁ 1émpy élaét él'l&’v‘é‘s t}ﬁa’ &%s?@ &?}'}elaﬁﬁ S“ppo”s
i ncl ude al um™ I'ca- a nag ne ani-a, Zirc

hafnia, car bcﬁ'&s@fbeﬁt é‘dt&aﬁﬁﬁ@ aé‘ﬁve ﬁl‘éﬁa@%ﬁ'aﬁd hﬁlx ﬂeﬁlov% ?h@nes
reactive netal adsorbent may be prepared b | nC| pi ent tness [ npregnation

of a support that magretmbirsial the $rehted raphthibh eThee fluesalions teuheaptanyrenioval

contain an organic acid, amne or alcohol as an aid in netal dispersion.

Preferred step may be stnpped to remove H,S prior to the reactive metal adsorption step. In
the sulfur removal step by active metal adsorbent, the adsorbents are typically not

regenerable or regenerable with difficuity.

10022}  The reactive metal adsorbent may includes metals or metal oxides which
metals are in a reduced oxidation state. Reactive metals may include metals from
Groups 1,2 and 5-12. Examples include Na, Li, K, Ba, Ca, V, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Pt and Pd. The reactive metal sorbents react with the sulfur species such as
thiophenes fo 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.



di spersants are am noal cohols such as al kanol am nes. The i npregnated
support is then dried, calcined and reduced to forma reactive netal
adsorbent. -11- [0024] The contacting of the product of step (2) of the
present process, i.e., the product resulting fromtreatnent with a

mer capt an renoval agent, with the reactive netal adsorbent may take pl ace
in the sane | ocation or nay take place in a renote |ocation. By renote

| ocation is nmeant that the contacting with reactive nmetal adsorbent may
take place in a location other than the location in which steps (1) and (2)
occur, e.g., a termnal or on-board a notor vehicle. [0025] The naphtha
product after treatnent with reactive netpl- adsorbent is very lowin sulfur
and contains |less than 10 wppm sul fur, based on naphtha, preferably |ess
than 5 wopm nost preferably less than 1. [00261 The process is further

exenmplified fop24pe Elhgld:bﬁtactiﬁ%tdﬁhé:bﬂiduet ohitep (250 theprogpid bhscess, 12QnHeIct ed
through line 10 to sel ective hydrodesul furization reactor 12. The naphtha

t hen cont actprolvctriesultiagifram ¢eentheisttwithh atmensapidn cemavahyghnsgwshlthe raztide
effluent and the effluent is conducted fromreactor 12 through _|line 16.
Hydr odesul f unptadadsarbenianay fake Maceis: the samejocatinnon By takesplacp in agemalet 20

through line 18.and, strippe ses renmpved through.line 22. Stri d

of 1 uent 1 5 Jopaligi B eOR fnedan Snean e HEIONtAEHL fracHYF PRt (| yent
may be direc I . L P{\Ng

mer capt an ré%%%gF&%ggﬂﬁégepkggE@ggQ%#?EV?ged e Fﬁ%gﬁ%ﬁkgqggggggg#ﬁégigh bed
32 to producg @2y eeende.£f{ levfiial €2 Bnbdarda he®s vehiate.30 wppm sul fur. This

second effluent is padsed to line 34 where it nay optionally be conducted

through line 36 to a second stripping unit and stripped gases renoved

through line 42. Stripped second effluent is returned to |ine 34 through
line 44. Al tl#028} i vdhg naphtherptodudt|afien treatpersavitiaseastivdimetal adsorbent is very

low in sulfur and contains less than 10 wppm sulfur, based on naphtha, preferably

less than 5 wppm, most preferably less than 1.

{0026] The process is further exemplified by the Figure. In the Figure, high
sulfur naphtha is conducted through line 10 to selective hydrodesulfurization
reactor 12. The naphtha then contacts hydrotreating catalyst 14 to produce a
hydrodesulfurized effluent and the effluent is conducted from reactor 12 through
line 16. Hydrodesulfurized effluent may be optionally conducted to stripping unit
20 through line 18 and stripped gases removed through line 22. Stripped effluent 1s
returned to line 16. Altemnatively, 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



through line 34 to reactor 50 and contacted with adsorbent containing
supported reactive netal in bed 52. The product that is obtained after
passi ng through bed 52 -12- is a | ow sul fur naphtha product containing | ess
than 10 wppm sul fur. This low sulfur product is renoved fromreactor 50

t hrough |ine 54. [0027] The followi ng non-limting exanple serves to
illustrate the invention. EXAMPLE: [0028] A reactive netal adsorbent was
prepared by inpregnating a silica support wth nickel hexahydrate
containing a triethanol am ne di spersant. The sanple was dried by heating in
air at 60C and then ranping the tenperature to 350C to convert the netal to
the oxide form [0029] The adsorbent in oxiZle formwas then reduced to N
netal formby placing the sanple in a flowthrough reaction unit and in
contact with flowng hydrogen. The tenperature was ranped to 350C. After

hol di ng at 35BG o sidfurliephtha produedetdifing leesthandibesppm RORE. This low

gasol i ne-range hydrocarbon blend containing 80 ppnw sul fur as thi ophene was
t hen i nt r oducsulfirgrodectiemmoved froit reactontSfithioughtlive M. adsorbent at 210
psig (1549 kPa), 200C and 1 liquid hourly space velocity. This feed is
simlar to the product obtained fromstep (2) of the present process. The

product resul {j fr feed treatnment. with the N adsorbent s_then cool ed
and anal yzed td&:}%m ﬁg:}e_fgﬁﬂ‘guﬁg%- HIL{IE %BWEC F?}'Vg%fﬂ‘éﬁlﬁgﬁ@stggl? 19 wppm
sul fur. -13- CLAIMS: 1. A process for renoving sul fur conmpounds froma

sul fur-containing naphtha feed conprising: (1) contacting the feed with a

catal yti cal | yEXAame

[0028] A reactive metal adsorbent was prepared by impregnating a silica support
with nickel hexahydrate containing a triethanolamine dispersant. The sample was
dried by heating in air at 60°C and then ramping the temperature to 350°C to

convert the metal to the oxide form.

[0029]  The adsorbent in oxide form was then reduced to Ni metal 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
contamning 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 N1 adsorbent
was then cooled and analyzed for sulfur. The product was found to contain less

than 1 wppm sulfur.



anount of a hydrotreating catal yst and hydrogen under hydrotreating
conditions such that at least 50 wt.% of olefins in the feed are preserved
and at least 95 wt.% of the sulfur conpounds in the feed are converted to
produce a hydrotreated effluent, (2) contacting the hydrotreated effl uent
with a nercaptan renoval agent to produce a second effluent containing |ess
than 30 wopmtotal sulfur, based on the weight of the second effluent, and
(3) contacting the second effluent with an adsorbent containing an
effective anount of a reactive nmetal on an inorganic support to produce a
napht ha product containing |less than 10 wopmtotal sulfur, based on the

wei ght of the naphtha product. 2. The pr-ddess of claim 1 wherein the
hydrotreati ng catal yst contains at |east one of Ni, Co, Mo or Won an

al um na support. 3. The process of any precedi ng claimwherein the
hydr ot reat i (LAEMSz| yst conprises MoG3 in a concentration of 1 to 10 wt. %
based on the weight of catalyst and CoOin a concentration of 0.1 to 5 w.%
based on the weight of the catalyst, and_having a Co/M atomc ratio of 0.1
to 1.0. 4. The priecesd Brocgss/ o remeningswi; compamnds dramea SORERINGEg

conditions in step I ncl ude eratures of .fram 200 .to0 425 ressures
of from 525‘2‘?@&'@6@%&&@5‘?“?@&@% Fng %ewl ?FP@%YT}ffaﬁé’rf‘gfﬁC&VE to 15
hi', and hy . g ss of

any precedi %@%@iogdmééféﬁ?@ﬁ?a%&%aq&@ﬁ #@%@gﬁdé}g{ﬁ?ﬂ%‘“ _ H@Efg one of
a second hydgpeh Baakht RAsSIPRL.% BEBITRIs iR thd et 48 presbivePARPAIIEARDS WEYSL i C
extraction; depressurization; thermal treatnent; "and nenbrane separation.

6. The procefshofulfnycanigamds ig thd feethand eowvertddie modorea hydrotteatsl i ng

effluent, (2) contacting the hydrotreated effluent with a mercaptan removal agent to

produce a second effluent containing less than 30 wppm total sulfur, based on the
weight of the second effluent, and (3) contacting the second effluent with an
adsorbent containing an effective amount of a reactive metal on an inorganic
support to produce a naphtha product containing less than 10 wppm total sulfur,
based on the weight of the naphtha product.

2. The process of claim | wherein the hydrotreating catalyst contains at

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

3. The process of any preceding claim wherein the hydrotreating
catalyst comprises MoQOj; 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”', 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



step includes second hydrotreating conditions and said second hydrotreating
conditions are the hydrotreating conditions of step (1) except that the
tenperatures are at |east 10C higher than those of step (1) and the liquid
hourly space velocities are 1.5 tines greater than those of step (1). 7.
The process of any preceding claimwherein at least 75 w.%of olefins are
preserved in step (2). 8. The process of any preceding clai mwherein the
reactive netal contains at |east one netal from Goups 1, 2 and 5-12, and
wherein the reactive netal functions in the absence of hydrogen. 9. The
process of any preceding clai mwherein the naphtha product contains |ess
than 5 wppm sul fur, wherein the reactive.mgtal is nickel, and wherein the
support is one or nore of nmetal oxide, carbon, and clay.

adsorption, caustic extraction; depressurization; thermal treatment; and membrane

separation.

6. The process of any preceding claim wherein the second 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.

9. 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.



