- 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 from naphtha. Mire particularly, sulfur is renoved from
napht ha using a three-step process invplving hydrotreating, selective
renoval of nercaptan sul fur and adsorption to renove renaining

sul fur. BACKGROUND OF THE | NVENTI ON [0002] Environmental regul ations
covering the sulfur content of fuels for internal conbustion engines
are beconi ng nore PROOPIIFOA OVTR I s fuel s.
Mot or gasol i ne sul fur contgﬁ?ﬁaFF?Eneed(%gtﬁgﬁgﬁgﬁggpigﬁiki*ﬁ. of 30
wppm bet ween 2004- 2006 with possible further reductions nmandated in
the future. One_of the ;i‘ conponents of notor gasoline is typically
catal yti cal iy : L IRVENTIOINCh cont ai ns substantial amounts of
sul fur and ol efins. [0003] A comon nethod for reducing the sul fur

content of yti ' cracked napht ha feedstocks is b

hydr ot r eat i hg uii nﬁ%ﬁé’%@?@eﬁﬁﬁ%c%m%ﬁs LTSRRVIRg sl rr#/CPTQ naplibpes
t o hydr ogenpark biagfulak ; ' rs.the
sul fur content fg]“a t he lr}f;g@ﬁﬁgZ%ﬂggv%@%gﬁlcﬁ%ﬁgﬁﬁgféc%ﬂgﬁé-gtg3 ndemt on
the cat al ysivahdng psidutreeting, sglectivelrdnaas of fretcaptn @ilfeAnd adsorption to
hydrotreati ng%cat al yst., t@gl nore severe hydrotreating conditions
woul d be exPFRIEIPEIMBGELE R he sul fur content to the greater extent.
However, such severe hydrotreating conditions normally result in a

| oss of nolecules contributing to desirable octane properties either
by cracki ngBAC HGROUND OF T ENVENTHINCIenati on of olefins to

nol ecul es having | ower octane rati ng. he hydrotreating catal yst
ages, it normally becomes necessary to adjust reaction conditions to
mai nt ai n an(0888Ekpt Epvisonmeninlxpukdiohy coveringdhe velfinr contint afifileld fent s

result in further I%ss .0of desirabl e nolecules contributing to high
oot ane. urternal 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 main 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
hydrofreating 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.



- 2 - This then results in increased production costs to produce high
octane fuel s because of the need to boost octane through added
process steps such as isonerization, blending or addition of octane
boosting additives. [0004] One approach to addressing the problens
associ ated with conventional hydrotreating is to use selective

hydr odesul furi zation, i.e., hydrodesulfinizing a feed with sel ective
catal ysts, selective process conditions, or both, to renove
organosul fur while m nim zing hydrogenation of ol efins and octane
reducti on. For exanple, Exxon Mbil Corpopation's SCANfi ni ng process
sel ectively desulfurizes cat naphthas with little or no loss in
octane nunber. U S. Patent Nos. 5,985,136; 6,013,598; and 6, 126, 814,
al | of which Brigthengostsrintiectetned pedduction eodte fehrddush BEhQReMILER BScause
aspects of S i ni ng. Although el ective hydrodesul furization L
processes haW %B?Pﬂgfedf@%b% Qﬂimﬁdldgﬂbchﬁﬁsaﬂmpmh ian isataizatiogn
and | oss of 18 od. 1 .ne _process can react with

retai ned olegﬁ%s t °§or&?ﬁ£§£§%ﬁ%%&§ﬁbP%?8 YPeversion. Such
nmercaptans are often referred to as "reconbi nant™ or "reversion”

ner captans. _[001g] |0né spjroastnioldidteshigRs 5RRldri0aSaBaRA M bANRHBY
addi ti onal sh&as such as adsorption or |iquid extraction tor

mer capt an r er¥0EACaHAS e sclsrtivuintirpdesutfydzaitone it yhptrodesd Apizaty a

renoval is U 228..254. 10006] There is . still a need to

i nprove the g%df‘gﬁﬁggl%%{g%‘? C%?Igﬁtgssg;ep}glgﬁinfogg%qondmons, or both, o remove
organosulfur while minimizing 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 mumber. 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, HyS liberated in the process can react with retained olefins to form
mercaptan sulfur by reversion. Such me'fcaptans are often referred to as

"recombinant” or "reversion” mercaptans.

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

hydrotreatment merca‘ptan removal is U.S. Patent 6,228,254.

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



-3 - SUMVARY OF THE | NVENTI ON [ 0007] The process according to the
invention is a three-step process involving catalytic

hydr odesul furi zati on, nmercaptan renoval and reactive netal
adsorption. The process for renoving sul fur froma sul fur-containing
napht ha feed conprises: (1) contacting the feed with a hydrotreating
catal yst under hydrotreating conditions such that at |east 50 wt. % of
olefins in the feed are preserved and at |east 95 w. % of the sulfur
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
uppmtQal sul fur, based on second effluent and (3) contacting the
second effluent with an adsorbent containing a reactive netal on an
I norgani ¢ sSEIMMARY OIOTHEEIRVENNTJN product containing | ess than
10 wppm total sul fur, based on naphtha product. [0008] The present

process all ﬁﬁﬁlﬁﬁjhe atal ysts to operate under conditions that produce
a very |low r prgduesesarqadingite the invenfionds artbrec BRIpEH o BES R dPTingN

OF THE DRA . kgure i s a schemati.c showing the sul fur
renoval pr x%%gﬁ 8%%%%’%%@%&?&?‘6@@ THRRVLRDENTECHNE metal adsorption.

The process for removing sulfur from a sulfur-containing naphtha feed comprises:

(1) contacting the feed with a hydrotreating catalyst under hydrotreating conditions

i such that at least 50 wt.% of olefins in the feed are preserved and at least 95 wt.%
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

Iess than 10 wppm _tofal 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 DRAWING

[0003]  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



[ 0010]. The feedstock used as feeds in the present process are

napht has i ncl udi ng petrol eum napht has, steam cracked naphthas, FCC
napht has, coker naphthas and m xtures thereof. FCC naphtha includes
light, internediate and heavy cat naphtha. Naphthas generally have
final boiling points bel ow 232C (450F), have olefin contents of up to
60 wt.% ol efins, and may have high I evels of sulfur conpounds up to
4000 wppm or hi gher, based on naphtha. Typical olefin and sul fur
contents - 4 - range fromb5 to 40 w. % and 100 to 3000 wppm
respectively. The olefins include open chain and cyclic ol efins,.

di enes, and cyclic hydrocarbons with olefin side chains. Sulfur
conpounds i nclude nercaptans, disulfides and heterocyclic sulfur
conmpounds sucimgesfrémi DRNREY, hiad 1 |1i61ﬂ$£' i ;
benzothiopheneé?siaphthas al so ty&?@%ﬁ?&mc éﬁ%ﬁﬁqﬁgﬁééngﬁ%%%ﬁ%ﬁ%hﬂe
in the range oPpRehENREdSYOliopIshns, dieds)] ard/arolid dgdtdodrtions twignoleBRS)deof

napht ha feeds,i.s agc | i shed by hydrotreating under conditions that

will kreserv&idps, SH@{ITPWWW@&PQP&@@{@M@, disldes anchhetewocyelémsulfur

while at thegs ' e t 29 Wt % conver si.on of

sul fur corrpo&n%g.8 I]JEO‘ thcg%g E@S g&ggﬁgomoﬁéﬁﬂ?%@quﬂ iophenes.

hydr ot r eat ed Naphthas alkb typicitiy Soﬁﬁh&ﬁu@g@ﬁ@iﬁ}gcﬁmdg% F?%ﬁ%e 84k #%5 500
er sulfur-co

Al t hough nmercaptans in the feed along with o ntal ni ng
speci es such™#8My| fj des, disulfides, cyclic sulfur conpounds such as

tpi ophenes and aromatics containing sulfur may be converted to
hydr ogen sul tg h fi.de subsequent |y react w.th
olefins to fgora%(i’nsr %gé‘?gﬁ%“%%%@“n@%@p@ﬁ?ﬂﬁﬁﬂgeﬁ c‘é%ml\;\fé%fﬁ@ﬁfon

. Bydkoaesti | oMb i | 5@ o
mer capt ans, hpdioaegtigeneda doﬁdﬂ'bnbﬂﬁﬁwilfl gléﬁosl.@ﬁ)%uaggea‘séﬁ@%./ﬁ (fite BAR

the mercaptans originally found in the el'ecti've

hydr ot r eat i nBreseni|in desteed il 4tile sanee thmp hthisvingead lvdst bS5 kytdb @88erEiBn of

t he presence a _hydrotreat.in tal yst under selective

hydr ot r eat i nséuqﬁgr?&ﬁho Rds. QEFIF%?‘JS%BHE PYRAS IS IEg hBeduidseinatestifeny,

standard anaby$ 8384 ik HGl ugyr rol.ysi sLIN

I uorescence and oo ifEnan tséy B 0@ cafdf ¥y Nifivfugh Brerchptins thihe 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 (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 YUPAC format with
Groups from 1 to 18). BEspecially preferred are Ni, Co, Mo, W and mixtures



(ASTM.3227). [0012] Hydrotreating catal ysts are generally those with
m ni mal hydrocracking activity (<10 wt. % conversion to | ower boiling
conponents) and include Goups 6, 9 and 10 netals and m xtures

t hereof (G oups are based on the TUPAC format with Groups from1l to
18). Especially preferred are Ni, Co, Mo, Wand m xtures - 5 -
thereof. The netals are supported on a lowacidity nmetal oxide
support. Exanples of such netal oxide supports include al um na,
silica and silica-alumna, titania, calciumoxide, strontium oxide,
bari um oxi de, magnesi um oxi de, carbon, zirconia, diatonmaceous earth,
| ant hani de oxi des including cerium oxide, |anthanum oxide, neodyni um
oxi de, yttrium oxi de and praesodyni um oxi de, oxides of chrom um

thorium ursiee ThE elitAlsuatnbaAs@bN Doiddid%i MBtal ékﬂ%es?ééc?rga FBifhples

al um num phosphate. A preferred support is alflumna. Pr

catal ysts arfesuth matalaxddeCarpiorts incldead tumireg sftizp pad tsilichreuaimy titanid,
metal cal cul at.ed as netal .oxides, either /individually or as mxtures
ranges f rorRAFTRID GX14e; sfroniym baexids; sragnesiuphexidagariym, zirconia,

0.5 to 5 wilbpmiHRead, B AL AR e RlpF Sk LoBadRRis g,
The hydr ot neatiaigncetideyfirfineyidel d peeesbd)ufiEs:8le (AU YoHchr I n

the anount of metal is 30 wt.%or greater,” based on catalyst. [00131
A pr ef er r edhedpry yenivrhariokin and wntaituyh, Hy dxiddesint buidez and slnmanurdvi t y

Mb Co 6at aUEPRG] Ag ERESRSPPRRH H BB Re i BE GRialuth A5 AYCHNb03
concent r at iV orl ak k% %%}?Ol'ﬂr SERBY: & rﬁé%alﬁcta Oq]%@eﬁ%@ﬂlé@ro%ﬁlas,

b3
preferably 4 to 6 w.% bas on the total weig e catal

(b) a Co0 coherimdidtially ofasGnikiures fanges Honpd.sfte BMY%Obasei@nlcarlydo Tn
and nore preferably 1 to 3%/\\%1._ % also based on the total weight of
the cat al y$he caseplpixtyyessdhasromo?il mefels grapreferablypresent imarmpentabf y

from 0. 20 0 1907 her,
propert i esto(c'))? Q)tﬁgnb}?rgpg;cﬁﬁ ng?fé; ytsa{hrﬁlnrgtrgﬁ §of)§'5)ma2?;;%@ X‘ﬁ'/ﬂ)‘o;{v@e
di anet er othy@fbticatin®Qatlystdinhef e¥sabelbullt fital 2atAlyists WHSreth thanethdWRk 8§
preferably Trom80 Ato 150 A, (e) a Mb0O3 surface concentration o
0.5x104 t o nxkaloa 3§ wihos/gugaterp badedraantajalgst75x 104 to 2. 5x104, nore
preferably fromlx104 to 2x104 ; and (f) an average particle size
di aneter of less than 2.0 nm preferably less than 1.6 nm nore

preferably by t NRBrdfeftedPAtaRRAHIPSIIBASHEHh A Yo RSuBildtion 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 atomuc 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; () a MoOs surface concentration of 0.5x107 to
3x10™ g. MoQ; /m?, preferably 0.75x10™ to 2.5x107, more preferably from 1x10™
to 2x107*; 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



- 6- as practical for a comrercial hydrodesul furization process unit.
Such catal ysts are further described in U S. 6,013,598 which is

I ncorporated herein in its entirety. f0014] Hydrodesul furization
conditions for the naphtha feedstocks include: tenperatures from 200C
to 425C, preferably from 260C to 355C; pressures from525 to 5617

| cPa (60 to 800 psig), preferably from 1480 to 35491cPa (200 to 500
psig); liquid hourly space velocities of 0.5 lurl to 15 1311,
preferably from0.5 hi' tol0 hr.', nore preferably from1l hil to 5
hi', and hydrogen feed rates of 178 to 108 nB/n8 (1000 to 6000
scf/b), preferably from178 to 534 rri31n8 (1000 to 3000 scf/b).

Hydr ogen purity may be from 20 to 100 vol.% preferably from65 to

100 vol . % [(aspsa}cﬁtabfosamndnmmph ydrodbd@RirizEARY hiddedt 7

t he nercapt a%lqﬂgf‘ggg h%/ treated effl uent from stegﬁoﬁlﬁﬁ}ﬁh ég/ﬂ?gts are
preserving a S%/B Y. Reb,0d 38R iwlhycl issheopoiated hereinyidritteneiedted
effluent fromstep one to produce a second effluent having at tota

sul fur content of l|ess than 30 wopm The nethods for neeting the

second step ¢@0ud]t i AsdrodeiREzatod EAaskitiARE ﬁl&%&ﬁﬁ@l@@‘g c{%%cﬁ(gtélﬁfg}}él nd

step, mercaptan adsorption, mercaptan extrac on

by at |east tmepaatudepiremADOPCas 54951°@ efei’éﬁ]jﬂ'ﬁ'onpﬂﬁﬂp@t"é'%tsbé ressyres
treatnment, or IIgg@[bane se}g}gratlon 16] In the case of a sélg ﬂl

hydr ot r eat mefi© to 5617 E}oﬁ@ft@rgﬂawstgiaprefw&hlgtﬁmﬂém &f 3548eldba {200m

step one be en sul fide rior, to the

sécond hydroiﬁ%gggglzgﬁlgﬁé&ﬁﬁ CSQ’E'L%‘ C&E’%Eﬂr@tlrs Ebﬁﬁf@'&bb’l@@n@5

may be the s as) B0 rdhepfdftrs hyelrgtsrigat 1 na,

hydrotreatin COOI’ldI ns rrg arglgsﬁﬁﬂ ]he ggrére]ﬁrhérlgegdlél&noﬁeeflﬁ%te? ?#HS

step hydrotr %ﬂd@nd|100®m6000fsc%$,l prefb;amjnerohemma53xrﬁfﬁm199@ﬁﬁ

vel ocity may r)ez_fﬂ over the hydrotreati Q]%Dt enper ature and

space vel om%@ﬁlﬁcg@f YUPRENIIRY mayehe QR 2 todd0iviod %, Preferabiyl o6 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, mexrcaptan 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 effiuent 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, the temperature and space velocity may be increased over the hydrotreating

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



- 7 - .and catalysts of the second step bydrotreating are directed to
favoring hydrodesul furization of nercaptans over olefin saturation

t hus preserving octane to the extent possible. [0017] Mercaptan
adsorption is a non-hydrotreating neans of renoving naercaptans from
feeds and products. It is preferred that hydrotreated effluent from
step one be stripped of hydrogen sulfide and amonia prior to the
adsorption step. In one enbodi nent, nercaptans are adsorbed by neans
of chem sorption using netals or nmetal oxides. Metals may be from

G oups 7-12 of the IUPAC periodic table .and include at | east one of
Ni, Co, Cu, Pt, Zn, M, and Cd which netals or netal oxides may be
supported on a porous carrier such as clay, carbon or netal oxides

such as al ug traly. 0] I .

cherm aor pt | o Catali38 (e ol SHBIB A ALHAS SRR her form
of adsor benhydedbadfuizationds orbaptas ket olpfii Shieedtion tBESHreBerving octane to
mercaptans. This cl ass of adsorbents typically utilizes nol ecul ar

si eves as t He exéydpeagible. Exanpl es of this type of adsorbent include
crystalline nmetal silicates and zeolites of the faujasite fam |y such
as zeolites X and Y, zeolite A and nordenite. Adsorbents may include
net al exchafmaq] f onvisrcihthh aBRIrBH f 4

5,843,300 i gﬂfln!:or pora%ﬁ%d her el %@%ﬁﬂﬁﬁ%ﬁ;ﬁg&%ﬁﬁgg&sﬁ;fgﬁﬁ%ﬁ% | e of
the use of mnetciptansivan deds aed pradsts. At dopretferost thathydretredted effluent from

acconpl i shed by ion-exchagn resins. ln the adsarption technique, the
nap h':rﬁa ef f ?’fﬁﬁﬁpe gP éﬁ%ﬂnﬁa Ogﬁbéfqgélaélel&de aBd aBmRGIEE pHONY the adagrptiem step.
usually in fJ I rcapt ans t hat

ot emoved b AnER ey, ahatEebifore s G2REARE P RSRSRIRRARE, o

t he adsor bemietalyotmeatal gides. eNetald ekt Giolips PRI tBE ITPAE periodic
conbi nati on thereof to desorb the nercaptans. hose adsorbents that

function bytableeandsiselydr ahleastoneyafiNiaCoyCreli, Zoenyand Celpuhich agetels oy
are non-regengrable or wery difficult to regenerate. Contacting with
adsor bent ig@e%g PﬁEjI%F ylaar;/bea%@pgﬁ?& PR ﬁ}?gf‘ﬂ’tslfragféerfs&}f’ B%(}]@V{:‘éﬂ%‘m 0 m_etai

6718 s OLEG?E 85%%1%&6@&110&@ QERFaP TR I ERR 08 hiftaldxi ®lsRESbuiTBgr at ures of

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 also be accomplished by ion-exchange resins. In the
adsorption technique, the naphtha effluent from the HDS reactor is contacted with
adsorbent usnally 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 desosb 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



[ 0018]. Mercaptan extraction to retain 75 w.% of olefins while
renoving at |east 75 wt.% of nercaptan may be acconplished using
caustic extraction. Caustic extraction using the MEROXTm and
EX1RACTI VE MEROXTM processes are ' available from UOP Products, Des
Plains, M In these processes, oxidation of the caustic phase is
acconpl i shed using an iron group-based catal yst. Phase transfer
catal ysts nay be added to the extraction. It is also known to
selectively extract naphtha fractions for mercaptans using caustic
extraction containing cobalt phthal ocyanige as disclosed in U S
Publ i shed Patent Application 2003/0052044, which in incorporated
herein in its entirety. Other selective extractants include glycols,
gl ycol et her sadsowbbenisxiheres dHesifRhtids ' | 0
conbined with other separation ?g%hni q%%%%ksuc 18@@@;%%% i noi %‘tug to
light and hea® ®aphtha fractions and extracting the light fraction
to renpbve nercaptans. Contacting between hydrotreated naphtha and
extractant may be liquid-liquid or vapor-Iliquid using conventional

ract a : 15 AYS.o, SHi T Ied s fib
cant acting. HovER, haRkRiplaNESondt Wichil 754n% PEoldEER il Roving af east
t enper at ur es 75ayt.Yoarfgaertastan amy tecchRplisted vsik) é%i{l%fi@ gx%@éf%?ﬂ Follsfic

such as 100C depéndi ng on the extractant system enploye ressures

can range fr éHfrection g i ERITIHnANEX ERACITVEE MBERO X Qi (8R4 tahét
b?! depressur,i romithe HDS reactor, thermally
tre

ati Ing t he aﬁ%l?ﬂ%léﬁﬁpﬂ@bﬁ I%BLEF? & ]E)léﬂlﬁsgd Ioheseeprocedsos Oociaiatbiaptogrﬂle
. S , BI.DS i i
Gopr oesur | sed wodred0ackiho BERA e +i0 Opmiied GRANGE. Hse Hanttel

pressure is cedlysintpbeaddat o thbatredimt Mgk ol Edyg:D
preferably no &{le than - 9 - 25% pressure bgi ng mggﬁ%%gﬁgﬁxﬁrgct

exit of the PRPXED? Bgekiens formereaptaus usingseust etiradépn esatainiagtoldlt i S
300 i h 2 [ dth

200 £210 O beSSIecthAhESeH AR IS, e 00 m 0,00 e ooy
reactor to redidth HecerpehaiahdreRAH 'iﬂls'eﬁfif . @E%%{E?h%*i@?h}:t%c?ﬁ}%?rgxi%lude

Depressurization tenperature is no | ess that e 1l
tenper at ure glycelseglyeoistheraendmixBepy therwofi Eatractorciebhiigesy mhP b
depressurization. reactor, In the alternative, hot naphtha fromthe
HDS r eact or P%mﬁ‘é‘&ﬁé"ﬂ ofher sepapationeshaiqyies suel ag fagtionation itgilight akd DS
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0.5 seconds Lnutes. Addirional .details relating to the .
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No. 6,387, 24@nfleraiitfth Hey kO HRLPAL SRR LlbThtbd Rr§Mihd! Yich 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 HIDS reactor, thermally treating the hot naphtha or both can be nsed for
selective mercaptan removal. In this method, hot naphtha from the HDS reactor i
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



[[0020]. Menbrane separation can al so be used for separating sul fur
conpounds from hydrotreated naphtha. Menbrane separation involves the
sel ective perneation of sulthr conpounds through a nenbrane.
Menbranes may be ionic or non-ionic. Preferred ionic nenbranes

i ncl ude Nafione-type nenbranes. Nafion nenbranes are acidi c nmenbranes
and hydrophilic in nature and are preferably used in the presence of
a transport agent. Transport agents such as al cohols and ethers are
sorbed by the nenbrane thereby increasing flux through the nmenbrane.
Their selectivity for sul fur, conpounds Ry be increased by reaction
wi th organi c bases. Preferred non-ionic henbrane materials are
hydrophilic materials including cellulose triacetate and

pol yvi nyl py I - Q0 o B ¥Pirsl i
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ef fluent frgepreisapizatien is300as$@or 1ebs, PreforablynBerhions eha 2P0 Peigeshdithe @
menbrane - 10 - nodule to forma sulfur rich perneate and a sul fur
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oxi dation state. Reactive netals may include netals from G oups 1,
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present The reactive netals are supported on a support such as a

met al oxi deandctheymairiraadmbotimapbe iowdupndd Ss Patent Nde6,88UHA B 1, svllicici,
silica-al un na, magggsi a,.tjitania, zirconia, hafnia, carbon or clays
such as at t BERIRGFaEd BRrs BLHItHERLFELY. [ 0023] The reactive netal
adsorbent may be prepared by incipient wetness inpregnation of a
support by a netal salt solution. The netal salt solution may al so
contain an @8] CcMuihibkana BéiRatidn nCAsPbe asedor Qépiraﬁh%;%ﬂﬁlr compounds
di spersion. Preferred dispersants are am noal cohol's such as al kanol
am nes. Theftomprysypiaeased sagipba.t Memlrhesseparation isetlventhd seledtiveduced

to forma reactive netal. adsorbent .
permeation o it compounds through a membrane. Membranes may be ionic or

non-ionic. Preferred ionic membranes include Nafion®-type membranes. Nafion
menibranes 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 supporied in a membrane



[ 0024], The contacting of the product of step (2) of the present
process, i.e., the product resulting fromtreatnent with a mercaptan
renoval agent, with the reactive netal adsorbent may take place in
the sane | ocation or nay take place in a renote |ocation. By renpte

| ocation is neant that the contacting with reactive nmetal adsorbent
may take place in a |location other than the |ocation in which steps
(1) and (2) occur, e.g., atermnal or on-board a notor vehicle.

[ 0025] The naphtha product after treatnent with reactive netal
adsorbent is very lowin sulfur and con[qbqs | ess than 10 wppm

sul fur, based on naphtha, preferably less'than 5 wppm nost
preferably less than 1. [0026] The process is further exenplified by
t he Figure. hbdubetdfostr Lsulfr i ed-t hr qugh
line 10 to selective hydrodp58¥?3$#§%#?gﬁP?gac d%aﬁgag#%%'ﬁgﬁn?ﬁﬂgqu
t hen cont act 8f mpggrwenesaperajionarakyswn ddd tafeenosisafads to U.S. Published Patent
hydrodesulfuride eﬁ{é@ﬁgégggﬂ the effluent is conducted fromreactor
12 through | {REIGHIO f b édichumfinersperated haseinap s ontitdty.
conducted to stripping unit 20 through line 18 and stripped gases
removed through line 22. Stripped effluent is returned to |ine 16.

Al ternativel j0021ydr qbestbioaptad eshe¥dl Lstéﬁ!ﬁ‘llp%%h@@uﬂ%gﬁéhtt E%ﬁgggﬂﬂgécgd

to mercaptan renpval apparatus 30 containing nercaptan re
32. Hydr odes¥Soant sgnigining eeiive rsetphes @ duppurotegirimediyi2move Bip Bi6Shdkes
ul fur. This second

of 1 Tuent i s Pacugd T Ao FGa Aapybanbhe shiucsh Hom Mo eneomion resuoval

t hrough | i negy @@ﬁﬁﬁé}ﬁ Mafal i j d ses. renoved
t hrough i ne %gn{agt ri pped Sgggﬁgﬂgwgggl%ﬁ? gﬁ&g?ﬁ‘)ﬁgﬁ&?}o SPH’}%FWP&
t hrough |i nethe4nlint teenovad steplby, actiee areth] @fifdrbent (HEMsB® RRSSSH pically not
directly through line 34 to reactor 50 and contacted with ads rbegt

cont ai ni ng SGEPRTERG or seganerablewithidiffisulsd 52. The product that is
obtai ned after passing through bed 52 - 12 - is a | ow sul fur naphtha
product containing less than 10 wppm sul fur. This | ow sul fur product

i's removed f[0022} eaThetedolive BicblGlsdrbB® 4y includes metals or metal oxides which
metals are in a reduced oxidation state. Reactive metals may mmclude 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 Ie'acfc with the sulfur species such as
thiophenes to form metal sulfides. This may take place in the substantial absence
of bydrogen 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.



[[0027] The followi ng non-limting exanple serves to illustrate the

| hvention. EXAMPLE: [0028] A reactive netal adsorbent was prepared
by inpregnating a silica gupport with nickel hexahydrate containing a
tri et hanol 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 oxide formwas then reduced
to N netal formby placing the sanple in a flowthrough reaction
unit and in contaot with fl owi ng hydrogen. The tenperature was ranped
to 350C. After holding at 350C for 2 hOFL t he adsorbent was cool ed
to 200C. A gasoline-range hydrocarbon bFend contai ning 80 ppmw sul fur
as t hi ophene was then introduced to the reaction unit containing the

Vel ocy. - THIH) oo dnBEolabiing S fEbroa kERERBR Loyof P HisheRriheisc
of the presgfdupt@e€tifg iU trRA@MBAE tvitheStkicaplin TeREvAIeREnt, "vﬁﬁi iﬁ%%acﬁve

with the Ni adsorbent was then cool ed and anal yzed for sul fur.
product wastfetal adsarberdantaiake plase in Hersatnedpeatioaudrfay take plfe-in @Lréihzbﬁ

location. By remote location is meant that the contacting with reactive metal
adsorbent may take place n a location other than the location in which steps (1)

and (2) occur, e.g., a terminal or on-board a motor vehicle.

[0025]  The naphtha product after treatment with reactive metal 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 éxemp]iﬁed 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 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 2 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 coptaining supported

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



1. A process for renoving sulfur froma sul fur-containing napht ha
feed conmprising: (1) contacting the feed with a hydrotreating

catal yst under hydrotreating conditions such that at |least 50 wt. %
of olefins in the feed are preserved and at |least 95 w. % of the
sul fur compounds 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
wppm total sul fur, based on second effluent, the nmercaptan renoval
being at |east one of nercaptan extraction, nercaptan removal by
depressuri zation, mercaptan renoval by thérmal treatnent, physi cal
adsor ption, or nenbrane separation, and (3) contacting the second
ef fl uent wi t Hs atow@siftbeiphitiaopda i kqﬂa (pQH aih

| ess than 10 mtotal sul fdt}?, %%s%ggmgﬁﬁﬁg%ﬁt ép{oro ﬁ}éltﬁ%tr 'I'ﬂis[iﬁg
adsor bent coﬁﬁtpmu@@smwﬂdﬁomfremmﬂ Sadtrowglelinedt i ve netal in a
netallic state on an inorganic support, wherein the at |east one
reactive netal consists of one or nore elenents selected from G oups

1, 2, and 5- d 1Ak ' [ C..S Qrt consists one Qr
nore support ﬁr%t ri a: S @gp%’éﬁ?@% g’?ﬁ"ﬁég SVEP g‘hﬁfu ‘ﬁr‘l"‘tlegg@ LIVGHI PRy,
magnesia, titania, zirconia, hafnia, carbon, and a clay. 2. The
process of claim1 wherein the hydrotreating catal yst contains at

| east one of EMb or Won an al uni na support. 3. The process
of claim2 wherein the hydrotreating catalyst is a Md/ Co catal yst

i Acl udi ng a Mb03 concentration of 1 to 10 wt % based on wei ght of
catal yst, a oONGedabAYé f : : 9 / ton c
rati o of abowg}. 1to 1'.&%{.;é ﬁ%@%ﬁ%%?%ﬁ%%ﬁ%? a{%? g?%nﬂre%%%gﬁsﬁwg snpport
hydr ot r eat i ng/idoridiel henahyidnate teptafring b nidthskolsainaligicn2s The EapeA0R
to 425C, pressures.of .from. 525 to 56171cPa, |iquid hourly space

vel ocities o 1?"5 5}%‘16%‘111&16' ai%atrﬁ‘lé,anért@ewmmg@ eftemprerature o 360%C tm

178 to 1068 gByEBs the metdl 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
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.



5. The process of claim1 wherein the second hydrotreating step

I ncl udes second hydrotreating conditions. 6. The process of claim5
wherein the second hydrotreating conditions are the hydrotreating
conditions of step (1) except that the tenperatures are at |east 10C
hi gher than those of step (1) and the Liguid hourly space velocities
are 1.5 tines greater than those of step (1). 7. The process of
claim1l wherein the nercaptan extraction is by caustic extraction.

8. The process of claim1 wherein the nercaptan renoval is by at

| east one essurization or thermal treatnment. 9. The process
of clain1lei’QEﬂgn at least 75 wt. % of olefins are preserved in step
(2). 10. The process of claim1l wherein the adsorbent contains
active nmetal functions in the absence of hydrogen. 11. The process

ng ]9 L?I m 11.merglp?octe?sefop %@Jv?nag {ﬁ?lq 1L1]c(>:1:[n aC38 t19éo?1?ai1|1iggs xslap%trl%nfegd (\:Ic\)’png)prlrfsing:
(1) contacting the feed with a hydrotreating catalyst under hydrotreating conditions such
that at least 50 wt. % of olefins in the feed are preserved and at least 95 wt. % 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, the mercaptan removal
being at least one of mercaptan extraction, mercaptan removal by depressurization,
mercaptan removal by thermal treatment, physical adsorption, or membrane separation, and

(3) contacting the second effluent with an adsorbent to produce a naphtha product

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

the adsorbent consisting essentially of at Jeast one reactive metal in a metallic state
on an inorganic support, wherein the at least one reactive metal consists of one or more
elements selected from Groups 1, 2, and 5-12 and wherein the inorganic support consists of
one or more support materials selected from alumina, silica, silica-alumina, magnesia,

titania, zirconia, hafnia, carbon, and a clay.

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 claim 2 wherein the hydrotreating catalyst is a Mo/Co catalyst
including a MoQOj3 concentration of 1 to 10 wt % based on weight of catalyst, a CoO

concentration of 0.1 to 5 wt %, and a Co/Mo atomic ratio of about 0.1 to 1.0.

4. The process of claim 1 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?.



12. The process of claim 11l wherein the naphtha product contains |ess
than 1 wppm sulfur. 13. The process of claim1l wherein step (3)
takes place in a |ocation renote fromsteps (1) and (2). 14. The
process of claim1 wherein the reactive netal is nickel.

-14-
5. The process of claim 1 wherein the second hydrotreating step includes second
hydrotreating conditions.
6. The process of claim 5 wherein the 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 claim 1 wherein the mercaptan extraction is by caustic extraction.
8. The process of claim 1 wherein the mercaptan removal is by at least one of

depressurization or thermal treatment.

9. The process of claim 1 wherein at least 75 wt. % of olefins are preserved in step (2).

10.  The process of claim 1 wherein the adsorbent contains active metal functions in the

absence of hydrogen.

11. The process of claim 1 wherein the naphtha product contains less than 5 wppm
sulfur.

12.  The process of claim 11 wherein the naphtha product contains less than 1 wppm
sulfur.

13.  The process of claim [ wherein step (3) takes place in a location remote from steps

(1) and (2).

14.  The process of claim 1 wherein the reactive metal is nickel.



