REMQVAL OF SULFUR CONTAM NANTS FROM HYDROCARBONS USI NG N- HAL oGS BtUNDS
Descriptéion: 1. Field of the Invention The present invention relat tg?é he
renmoval WO QR84 conpounids from streans. Mre particul arly, Pﬁ{é“§§|5@ 9

i nvention relates to the renoval of organosul fur conpounds, such as

mer capt ans, sulfides and disulfides, fromliquid hydrocarbon streans.
Specifically, the present invention is directed to the renoval of

or ganosul fur conpounds from hydrocar bon'él'by reactive extraction, as well -as
renovi ng organosul fur

REMOVAL OF BULFUR CONTAMINANTS FROX .
HYDROCARBONS USING N-EALOGENO COMPOUNDS
1. Field of the Inventjon
' The present invention-;elates to the removal of sulfur
S compounds from streams. More particularly, the present
invention relates to the removal of organosulfur compounds,
such as mercaptans, sulfides and disulfides, from 1liquid .
hydrocarbon streams. Specifically, the present invention is
directed to the removal of organosulfur compounds from
10 hydrocarbons by reactive extraction, as well as removing
organosulfur compounds from hydrocarbon streams by reactive
adsorption. )
2. Discussion ackground an teria o tio
~ The removal of sulfur compounds and particularly
15 chemically~-combined sulfur, such as organosulfur compounds,
from feedstreams is highly desirable for environmental
concerns and in order to prevent potential catalyst
deactivation as well as equipment corrosion.
Typically, hydrocarbon products contain various amounts
20 of sulfur compounds in the form of, for example, chemically-
combined sulfur, such as inorganically combined sulfur and
organically combined sulfur, i.e., organosulfur compounds.
The presence of organosulfur compounds in hydrocarbon
streams results naturally, as well as from the introduction
25 of organosul fur compounds, into the hydrocarbon streans during
conventional processes for-pfoducinq and treating hydrocarbon
products.
As previously indicated, if chemically-combined sulfur,
such as organbsulfur compounds{ are not removed from the
30 hydrocarbon streams, the presence of organosulfur compounds
in the resultant hydrocarbon products, including natural gas,
paraffins, olefins and aromatics, particularly gasoline or
other fuels, can cause corrosion of processing equipment and
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conmpounds from hydrocarbon streams by reactive adsorption. 2. Discussioen of
Background and Material Information The renoval of sulfur conmpounds and ' -
part Fcul VOI%M44Pcal | y- conbi ned sul fur, such as or ganosul f ur PEBARRAIARE69 ’
fromfeedstreans is highly desirable for environnental concerns and in :
order to prevent .potential catalyst deactivation as well as equi pnent
corrosion. Typically, hydrocarbon products contain various anmounts of

sul fur compounds in the formof, for exanple, chem cally-conbined sulfur,

such as inorganically conbined sul fur and?2dr gani cally conbi ned

engine parts, as well as other deleterious effects,
particularly when water is present. '

'U.S. Patent No. 4,283,373, FRECH et al., is directed to

a method of removing sulfur compounds from a gas stream by

5 contacting the stream with alkali metal salts of sulfonamides.

The preferred sulfonamide disclosed is chloramine-T which can

be sprayed into the gas stream, or the gas can be passed

through a porous carrier impregnated with the chloramine, or

through a resin with pendant substituted sul fonamide groups.

10 '~ The information disclosed by FRECH et al. as background
for sulfur removal include the following:

U.S. Patent No. 1,783,901 relates to removing H,S from
natural gas depending upon the reactivity of the H,S with
amino nitrogen. '

15 © U.S. Patent No. 4,035,474, KUNKEL et al., is directed to
a method for removal of sulfur from tail gas by use of a cold
bed absorption process which utilxzes a catalyst.

U.S. Patent No. 3,756,976, URANECK et al., removes th101

_ odor from polymer latex through the use of ‘numerous compounds

20 that convert odiferous sulfur compounds to non-odiferous form,

i.e., the use of alkali metal salts of N-halogenated
arylsulfonamides.

U.S. Patent No. 3,306,945, CONVISER, is directed to a
process for purifying liquid unsaturated hydrocarbons of by

25 removing impurities using molecular sieve materials. CONVISER
discloses that sulfides (R-S-R), which include dialkyl
sulfides, may be adsorbed by zeolitic molecular sieves
material having sufficiently large pores to such impurities,
such as the synthetic type X.

30 U.S. Patent Nb.—- 4,592,892, EBERLY, Jr., is directed to
a process of using a sorbent catalyst to remove sulfur from
naphtha. The sulfur impurities which are disclosed as being
removed are mercaptans, thiophenes, disulfides, thioethers,
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sulfur i re., organosul fur conpounds. The presence of organosul fur

cohpound 2592 %2% carbon streans results naturally, as well as fromthe
|ntroduct|on 0 rganosul fur conpounds, into the hydrocarbon BEFAHA/08669 ng
conventional processes for producing and treating hydrocarbon products. As
~previously indicated, if chemcally-conbined sul fur, such as organosul fur
conpounds, are not renoved fromthe hydrocarbon streans, the. presence of

or ganosul fur compounds in the resul tarm3=hydrocar- bon products, including

natural gas, paraffins, ol.efins and aromatics, particularly gasoline or
ot her fuels, can : :

hydrogen sulfide, carbonyl sulfide, and the like; and the
adsorbent is disclosed as a Group VI B and/or Group VIII metal
catalyst, for example, cobalt molybdate or nickel molybdate
supported on alumina. ' . '

5 U.S. Patent No. 3,367,862, MASON et al., is directed to
a process for desulphurizing heavy residual fractions by
contacting with water in the presence of the catalyst
comprising the metal, metal oxide, or metal sulfide, distended
-on a charred base. :

10 Naphthas, which are used for reforming, typically contain
' between 50 wppm to 500 wppm sulfur as mercaptans, such as 2-
propyl'mercaptan, butyl mercaptan, and thiophene, hindered
thiophenes, such as 2, S5-dimethylthiophene. Accordingly,
naphthas for reforming are usually treated with hydrogen over
1s a hydrotreating catalyst, such as a sulfided cobalt and
molybdenuﬁ on alumina support, or nickel and molybdenum on
alumina = support, to protect reforming catalysts.
Hydrotreating converts sulfur com;iounds to hydrpgén sulfide,
decomposes nitrogen and oxygen compounds and saturates
20 olefins. Hydrotreating is done at a temperature between about
400°F. and 900 F., a pressure between 200 psig and 750 psigq,
liquid hourly .space veloczty between 1 and 5, and hydrogen
circulation rate of 500 to 3000 scf/hr. Modern hydrotreating
processes can reduce sulfur concentration in naphtha to 0.25
25 wppm and even to 0.1 wppm. '
U.S. Patent No. 3,898,153 is directed to purifying
reformer feedstreams by passing hydrotreated reformer
feedstock through a zinc oxide bed. '
U.S. Patent No. 4,634,518 passes liydrotreated reformer
30 feed over massive nickel catalysfs.
Other treatments for purifying hydrotreated feedstock for
reforming are disclosed in U.s. Patent Nos. 4,320,220;
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cause corrosion of processing equi pnent and engine parts,. as well as other .

del eterieaus effects, particuarly when water is present U S. Patent No.

4, 288; 373WO 442

t al., is directed to a nethod of renoving BGFfUS91/08669

conpounds froma gas stream by contacting the streamwi th al kali netal

salts of sul fonam des.

)

The preferred sul fonam de disclosed is chloramne-T

whi ch can be sprayed-into the gas stream or the gas can be passed through
a porous carrier inpregnated with the @4t oranine, or through a resin with
pendant substituted sul fonam de groups.
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4,225,417; 4,575,415; and 4,534,943; vherein the disclosed
treatment is over manganese oxides. ' :

A suitable manganese oxide formulation for this purpose
which is commercially available is Sulfur Guard HRD-264 sold
by Englehard wherein recommended treatment conditions are
temperatures within the range of 600°F. to 1000°F., pressures
within the range of about 150 psig to 700 psig, 1/1 to 30/1
hydrogen to oil molar ratio, and 500 to 50,000 ghsv.

U.S. Patent No. 4,456,527 is directed to purifying
hydrotreated feed for reforming over zeolite ‘L' catalysts.

German Patent No. 3 527 110-A, CIBA GEIGY AG, is directed
to removing hydrogen sulfide from gases by oxidation using a
solution containing anthraq'uinoxie sulphonamide and variable
valency metal compounds followed by reoxidation, preferably
using oxygen of hydroquinone.

The process is disclosed as being useful to purxfy gas,
town gas, waste gases, and CO, rich streams from coal
combustion, wherein the impurities which may be present are
identified as including certain oxides of C, N and S, H,,
organic S compounds, and HCN.

British Patent No. 2 209 386, CIBA GEIGY AG, is directed
to the removal of hydrogen sulphide from gases or liquid
hydrocarbons by washing with alkaline solution containing’
anthraquinone disulphonamides. It is disclosed that hydrogen
sulfide in gases is adsorbed, for subsequent removal in
sulfur, by washing the gas with an aqueous alkaline solution
of one or more anthragquinone sulphonamides. _

European Application No. 74 894, CIE FRANCAISE RAFFINAGE,
is. directed to the extraction of hydrogen sulfide, carbon
dioxide and the 1like, <from hydrocarbon gases using
sulphonamide or sulphamide as solvent. It is disclosed that
undesirable gases, for example, H,S, CO,, COS, and mercaptans,
are removed from their mixtures with hydrocarbons and/or K, by

/
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The information disclosed by FRECH et al. as background for sul fur renoval
inclu&ev%a§ fﬁ%%gmﬁng U S. Patent No. 1,783,901 relates to renoving
Herf]S H ral gas dependi ng upon the reactivity of thECFY65?W@&MPth
am no nitrogen. U S. Patent No. 4,035,474, KUNKEL et al., is directed to a
met hod for renoval of sulfur.fron1tai| gas by use of a cold bed absorption
process which utilizes a catalyst. U S. Patent No. 3,756,976, URANECK et
al., renoves thiol odor from polymer |gggx through the use of nunerous
conpounds that convert odoriferous sulfur conpounds to non-odoriferous
form i.e., the use of -

a solvent whose molecule contains at least one group N-S0,,
and preferably a sulphonamide or sulphamide.

SE O
In general, the present invention relates to removing
S organosulfur compounds from ' liquid hydrocarbons. More

specifically, the present invention is based on the discovery
that the effectiveness of sulfur removal from. 1liquid
hydrocarbon streams is improved by using a technique selected
from the group consisting of reactive extraction, reactive

10 adsorption, and adsorption using adsorbents pre-loaded with
N-halogeno compounds. '

In accordance with the present lnvention, it has been
discovered that N-halogeno compounds are capable of remoVing
mercaptans, sulfides and disulfides, even from streams

15 containing high levels of polyolefins, such as diolefins.

For purposes of the present invention, the sulfur removal
techniques are based on the spontaneous chemical reactions
between N-halogeno compounds such as chloramine-T or
chloramine-B, and organosulfur compounds.’

20 In one of the reactive extraction embodiments of the
present invention, the sulfur- comoound removal may be
accompllshed using a liquid/liquid process because it has been
discovered that some of the N-halogeno compounds and their-
reaction products of N-halogeno-sulfur compounds are more

25 . soluble in water, than in paraffins, olefins or aromatics.

In a particularly preferred embodiment, one can use an

. aqueous sclution of these N-halogeno compounds to react with
the sulfur compounds, and extract the reaction products from
the hydrocarbon phase to the aqueous phase.

30 In one of the reactive adsorption processes, referred to
herein as Adsorption Process I, a stoichiometric amount of N-
halogeno compounds may be injected into the hydrocarbon
stream. Subsequently, the resultant stream is passed through
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al kali metal salts of N-hal ogenated arylsul fonam des. U. S. Patent No. . .
3, 306, 9451 I{ﬂa; is directed to a process for purifying liquid '
unsat’ur at emgf ? bons by rermoving inpurities using nol ecul arPGI/2j891/08669
material s. CONVI SER di scl oses that sulfides (R S-R), which include dial kyl

sul fides, may be adsorbed by zeolitic nolecul ar sieves material having
sufficiently large pores to such inpurities, such as the synthetic type X
U S. Patent No. 4,592,892, EBERLY, Jr., is directed to a process of using a
sorbent catalyst to renove sulfur from naghatha The sul fur inpurities which
are disclosed as being renoved are nercaptans,

an adsorbent column to adsorb the N-hologeno-sulfur compounds
and-any unreacted N-halogeno compounds.
In the second reaction adsorption process, i.e.,
Adsorption Process II, adsorbents which are pre-loaded with
5 N-halogeno compounds are used to effect the sulfur removal.
For purposes of this embodiment, adsorbents are prepared by
saturating porous supports, such as activated carbons and
zeolites, with an agquecus solution of N-halogeno compounds.
The N-halogeno compounds-loaded adsorbents may then be placed
10 in qonvehtional fixed-bed columns for sulfur removal.
Preferred adsorbents and porous supports suitable for
'purposes of these embodiments of the present invention include
zeolites, activated carbon, clay, alumina, silicate gel and
like adsorbents.

15 ESC ON_OF THE DRAWIN

Fig. 1 is an illustration of a counter current continuous
reactive extraction process for sulfur removal.

Fig. 2 is an illustration of a con-current continuous
reactive extraction process for sulfur removal.

20 : Fig. 3 is an illustration of ‘one of the adsorption
processes, referred to herein as Adsorption Process I, of the
present invention.

Fig. 4 is an illustration of another adsorption process
) in accordance with the present invention, feferred to herein
25 as Adsorption Process II.
QETAILED DESCRIPTION OF TH§ INVENTION
The present invention involves removing chemically-
combined sulfur, such as organosulfur compounds, from liquid
hydrocarbon streams contéining organosulfur compounds, by

30 contacting ‘the hydrocarbon stream containing organosulfur

. compounds with appropriate materials containing N-halogeno
compounds for a time and under conditions sufficient for the

[
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t hi ophenes, disul fides, thioethers, hydrogen sulfide, carbonyl sulfide, and
the liker and the adsorbent is disclosed as a Goup VI B and/or G oup VIII
met al cat¥¥PW3(10488r exanpl e, cobalt nol ybdate or nickel nolyb®&TEUSAIPRGE9d
.on alumna. U S. Patent No. 3,367,882, MASON et al., is directed to a
process for desul phurizing heavy residual fractions by contacting with
water in the presence of the catal yst conprising the netal, netal oxide, or .
metal sulfide, distended on a charred ba&se. Naphthas, which are used for
reformng, typically contain between 50 wopmto 500 wppm sul fur as

organosulfur compounds to react with N-halogeno compounds to
produce N-halogeno-sulfur compounds as reaction products.
N-halogeno compounds suitable for purposes of the present
invention include those having the following general formulae:
- (I) R,SONXM
wherein R; is a member selected from the group consisting of
Ph, PhCH,, pP-CH,CgH,, D-ClCgH,, p-BrCgH,, Dp-NO,CH,, p-
CH,CONHCH,, p-NH,CeH,, p-PhN=NC,H,, 2-Thienyl, and (CHy),(CH,),,
wheré m and n are integers equal to or greater than zero; X
10 is a radical selected from the group consisting of chlorine,
bromine, and iodine radicals; and M is a radical selected from
the group consisting of hydrogen, 1lithium, sodium, and
potassium radicals. ' '
(II) R,CONXM
15 wherein R, is a2 member selected from the group consisting of
' CH,Cl, CHCl,, CHBr,, RNH,, Ph, p-CH, OCH,, (CH,),(CH,),, and
(CHy) » (CH3) 0, wherein m and n are integers equal to or greater
than zero; X is a radical selected from the group consisting
of chlorine, bromine, and iodine radicals; and M is a radical
20 selected from the group consisting of hydrogen, lithium,
sédium, and potassium radicals.

NXM
(111) RN=C_
Ry
25 wherein R; is a member selected from the group consisting of

CHy and Ph; and wherein R, is a member selected from the group
consisting of H, NH,, N(CH,),, (CH,),, Ph, PhCl,, p-CH,C.H,, o-
CH,CeH,, p-C1C/H,, o0-ClCH,, and 2-Pyridyl: X is a radical
selected from the group consisting of chlor_ine, .bromine, and

30 iodine radicals; and M is a radical selected £rom the group
' consisting of hydrogen, 1lithium, sodium, and potassium
radicals. '
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'nercaptans, such as 2-propyl nercaptan, butyl nercaptan, and thiophene,

hi nder ed -¥¥® 8

PHOME  such as 2, 5-di net hyl t hi ophene. Accor di nglBCT/USPI0866

for reformng are usually treated with hydrogen over a hydrotreating
catal yst, such as a sulfided cobalt and nol ybdenum on al um na support, or
ni ckel and nol ybdenum on al um na support, to protect reformng catalysts.
Hydrotreating converts sul fur conpounds tg-hydrogen sul fide, deconposes

nitrogen and oxygen conpounds and saturates ol efins.

at a tenperature between about 204[err]C and 482[err]C (400[err] F and
900[err]F), a pressure between 1.38

10

15

20

25°

30

(IV) C,HO,NX
wherein X is a radical selected from the group consisting of
chlorine, bromine, and iodine radicals. _

Preferred for reactive extraction processes, Adsorption
Process I, and Adsorption Process II, are N-halogeno compounds
which are water soluble but not soluble in orgahic solvents,
such as those selected from the group consisting of N-
halogeno-N-metalloarylsulfonamidates and N-halogéno-N-
metalloalkylsulfonamidates, i.e., chloramine-T and chloramine
B, which are more preferred for use with adsorption process
IT and most preferred for use with reactive extraction
processes. N-halogeno compounds which are soluble in organic
solvents, such as N-chlorosuccinimide, are preferred for
purposes of adsorption 'process I.

Other N-halogeno compounds suitable for purposes of the

present invention are N-halogeno compounds. derived from a
member selected from the group consisting of amides, amidines,
guanidines, urea, urethane, and succinimide, i.e., N-halogeno-
N-metallocarbamates, and N-chlorosuccininide.
' The present invention is also directed to removing
organosulfur compounds from a hydrocarbon ‘Streanm cbntain’ing
olefinic coxqpounds, paraffins, and aromatics and organosul fur
compounds by contacting the hydrocarbon stream with a suitable
adsorbent for remdving N-halogeno sulfur compounds for a time
and under conditions suitable for permitting the reaction of
organosulfur compounds and N-halogeno compounds to occur.

In one embodiment, the removal may be accomplished using
a liquid/liquid extraction process due to the fact that some
N-halogenc compounds and the reaction products of N-halogeno-
sulfur compounds are more soluble in water than in paraffms,
olefins or aromatics.

In another embodiment, a stoichiometric amount .of N-
halogeno compounds is injected into the hydrocarbon stream
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-2- MPag and 5.17 MPag (200 psig and 750 psig), liquid hourly space

vel ocity sbetween 1 and 5, and hydrogen circulation rate of 14.1 to 85

st andar dWBAR104890 t o 3000 scf/hr). Mdern hydrotreating proP€EAiRI1£08669

reduce sul fur concentration in naphtha to 0.25 wppm and even to 0.1 wppm

U S. Patent No. 3.898,153 is directed to purifying reformer feedstreans by
passi ng hydrotreated

and the resultant stream is passed through an adsorbent column

to adsorb the N-halogeno-sulfur compounds and any unreacted
N-halogeno compounds.

In yet another preferred embodiment, the sulfur removal

S is accomplished using adsorbents which are preloaded with N-

halogeno compounds. In this embodiment, the adsorbents are

prepared by saturating porous supports, such as activated

carbon and zeolites, with N-halogeno compounds and placing the

N-halogeno compound-loaded adsorbents in conventional fixed-

10 bed columns for sulfur removal.

"As indioated' above, adsorbents or porous supports,
suitable for purposes of the present invention, include
zeolites, activated carbons, clay, alumina, silicate gel and
other molecular sieves. '

15 For purposes of the present inventxon, molecular sieves
having an effective pore size of from more than about 5
Angstrom units to about 15 Angstrom units are suitable: '
however, molecular sieves having an effective pore size within
the range of about 7 Angstrom units to about 10 Angstrom units

20 .are preferréd, with molecular sieves having an effective pore
size within the range of about 10 Angstrom units being more

' preferred.

The zeolite preferred for purposes of. the present

_ invention has a pore size within the range of about more than

25 '5 Angstrom units to about 15 Angstrom units, and may be in the
form of crushed or beaded particles. For purposes of the
present invention include zeolite X, Y, beta and mordenite
are the more preferred zeolites. However, zeolite X, i.e.,
sodium X zeolite, is the most preferred zeolite. 2Zeolite X

30 molecular sieves are described in U.S. Patent No. 2,883,244,
a specific example which is disclosed in U.S. Patent No.
3,862,900, the disclosures of which are hereby incorporated
by reference herein thereto.
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reformer feedstock through a zinc oxide bed. U S. Patent No. 4,634.518 '
passes hwdroz/mestded reforner feed over nassive nickel catal y®CI/USRHI08669
treatments for purifying hydrotreated feedstock for reform ng are discl osed
in US. Patent Nos. 4.320,220; 4,225,417; 4,575, 415; and 4.534,943; wherein
the disclosed treatnent is over nmanganese oxi des. A suitabl e nanganese
oxide fornulation for this purpose which is commercially available is

Sul fur Guard. HRD-264 sold by Engl ena®@8=wherein recommended treat ment’
conditions are tenperatures within the range of 315 to 538[err]C (600[err]F
to 1000[err]F), pressures within the range of about 1.03 to 4.83 MPag (150

- Properties of zeolites suitahié for this application are
described, for example, in "Zeolite Molecular Sieves" by D.
W. Breck, R. E. Krieger Publishing Co., 1984. The zeolites
are commercially available from UOP Inc. Properties of some
5 - zeolites are listed below:
Zeolite X _ _
Average composition: Na0 - Al,0; * 2.55i0, * 6H;0
Pore Diameter- ~10 A
Reference: R. M. Milton, U.S. Pat. No. 2,882,244 (1959)
10 Zeolite ¥
Average composition: Na,0 ° Al,0; ° 4.85i0, ° 8.9H,0
Pore Diameter: ~10 A
Reference: D. W. Breck, U.S. Pat. No. 3,130,007 (1964)
Zeolite Mordenite '
15 ~ Average composition: Na0 ° Al,0; - 9-105i0, ° 6H,0
Pore Diameter: ~7 A :
Reference: R. M. Milton, U.S. Pat. No. 2,882,244 (1959)
Alumina suitable for purposes of the present invention
may be selected from conventional alumina adsorbents which
20 have appropriate high adsorptive power, a high surface area,
suitable hardness, resistance to crumbling during handling and
use, suitable size and granular form. A representative
example -of alumina suitable for purposes of the present
invention is disclosed in U.S. Patent No. 3,864,243, the
25 . disclosure of which is hereby incorporated by reference herein
thereto. The following description relates to alumina
suitable for purposes of the present invention.
Kaiser Activated Alumina A-201 (neutra
8 x 14 mesh spheres with a high surface area (325 m’/gm)

30 Typical analysis . 93.25% Al,04
{(dry basis) 0.35% Na,0

| | 0.02% Fe,05

0.02% Sio,

' -
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psi g to 700 psig) 1/1 to 30/1 hydrogen to oil nolar ratio, and 500 to

50. 000' ghsv

hydr@trea“@ﬁ9?@@ﬁ“¥or reforming over zeolite L catalysts..

Pat ent No. 4,456,527 is directed to purifying

No. 3 527 110-A, CIBAGEIGYAG is directed to renoving hydrogen sulfide fr
gases by oxidation using a solution containing anthragui none sul phonam des
and variable valency netal com pounds followed by reoxidation, preferably
usi ng oxygen of hydroqui none. The process is disclosed as being useful to

purify gas,

10

15
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30

town gas, waste gases, and GHierr] rich streans

The 1liquid hydrocarbon stream including the organosulfur
compounds treated in accordance with the present invention
preferably includes paraffins, aromatics and olefin compounds.
The olefinic compounds present in the hydrocarbon stream are

'selected from the group consisting of mono-olefins,

polyolefins, linear olefins, branched olefins, alpha olefins
and internal olefins. The hydrocarbon stream treated in
accordance with the present invention may also include
hydrocarbons selected from the group consisting of aromatics
and paraffins as well as olefins. The aromatic compounds
present in the hydrocarbon stream, which may be removed in
accordance with the present invention, are selected from the
group consisting of benzene, toluene and xylene iscmers and
mixtures thereof.

The paraffins which may be present in the hydrocarbon
stream may be selected from the gfoup consisting of linear
paraffins and branched paraffihs, and mixtures thereof.

The organosul fur compounds removed from the hydrocarbod
stream in accordance with the present invention are selected
from the group consisting hydrogen sulfide, mercaptans,
sulfides, and disulfides, and mixtures thereof.

In certain applications, the present invention has been
found to be particularly wuseful in ellmlnatlng dialkyl
sulfides, such as dimethyl sulfide, from hydrocarbon streams
which would otherwise have a deleterious effect in a reaction
process, for example, in the deactivation .6f catalytic
materials used, for example, in catalytic distillation
reaction zones. _

In accordance with the present invention, the resultant
liquid hydrocarbon stream contains less than about 2ppm sulfur
and preferably less then about 0.2 ppm sulfur. Most
preferably, the resultant hydrocarbon stream is substantially
devoid of sulfur.

Ger e US9 418669

om
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rom coal conbustion, wherein the inpurities which may be present are
i dentified as |nclud|ng certain oxides of C. Nand S. H2, organic S
onpounds, WOM2AM49Br i ti sh Patent No. 2 209 388, Cl BA GEI GY AGPCTRJS9I/08669
irected to the renmoval of hydrogen sul phide fromgases or liquid
hydr ocar bons by washing with al kali ne sol uti on contai ni ng ant hraqui none

I sul phonam des. It is disclosed that hydrogen sulfide in gases is

dsor bed, for subsequent renoval as sul fur, by washing the gas with an
gueous al kaline solution of one or nore anthraqui none sul phonam des.
uropean Application No. 74 894, ClE FRANeXd-5E RAFFI NAGE, is directed to
he extraction of

The process of the present invention is performed under
conditions including temperatures within the range of about
10°C to about 100°C and pressures within the range of about
ambient to about 500 psi; preferably the temperatures are

- within the range of ambient temperatures of 20°C to about
50 C. ' i

The present invention is particularly suitable for
removing organosulfur compounds from hydrocarbons containing
olefinic compounds. :

10 As previously discussed, the present invention is
directed to the removal of organically-combined sulfur, i.e.,
organosul fur compounds, from hydrocarbon streams containing
organosulfur compounds by subjecting the hydrocarbon stream
to appropriate adsorbent materials for a time and under

15 suitable conditions.

For example, in accordance with the present invention,
a C, stream from steam crackers or catalytic crackers for the
manufacture of methyl tertiary butyl ether (MTBE), which may
contain 15 wt.% 1sobuty1ene, 15 wt.% butene-1, 20 wt.% butene-

20 2, 40 wt. % butane, 10 wt.% of C, and Cs, about 400 ppm water,

' and approximately 1 - 4 ppm of dimethyl sulfide, is introduced
into a water wash column where a counter-current flow of an
aqueous solution of suitable N-halogeno compound, such as
chloramine-T or chloramine-B, is present. The temperature for

25 this procedure may be within the range of from ambient to 70°

- C with ambient to 50°C being more preferred. The pressure may
range from 50 to 500 psi, with 150 to 300 psi being more
preferred. The flow rate for the C, may be from 0.1 to 10
LHSV (Liquid Hourly Space Velocity), with 1 to 3 LHSV being

30 more preferred. The flow rate for water may range from 0.01
to 10 LHSV with 0.02 to 0.6 being more preferred.

Referring to Fig. 1, .a counter-current continuous
reactive extraction process for sulfur removal in accordance
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hydrogen sul fide, carbon dioxide and the |ike, fron1hédrﬁcarbon gases using:
sul phona | pham de as solvent. It is disclosed that quﬁZ

gasgs r@ygggggh%%g Herr]S CJerr], COS, and mnercaptans, p%&g)gﬁﬁ
their m xtures with hydrocarbons and/or Herr] by a solvent whose nol ecul e
contains at | east one group NSO err], and preferably a sul phonam de or

sul pham de. SUVMARY OF THE PRESENT | NVENTION I n general, the present

i nvention relates to renoving organosul fur conpounds fromliquid

hydrocarbons. Accordingly, .one aspect afsthe invention provides a process
for the renoval of organosul fur conpounds

with the present invention is shown. An aqueous solution of
a suitable N-halogeno compound is introduced into the
extraction tower 1 at the top and flows downwardly. The
hydrocarbon feed is introduced at the bottom of the extraction
'S5 tower or column, and flows upwardly. The extracﬁion column
1 is preferably equipped with proper trays or padking (not
shown) to improve mixing efficiency. Sulfur-free hydrocarbons
are withdrawn from the top of the column 1 and spent water
containing untreated N~-halogeno compound and the reaction
10 = product of N-halogeno and sulfur is removed from the bottom
of the column. ' _
Referring to Fig. 2, a con-current continuous reactive
extraction process for sulfur removal in accordance with the
present invention is shown. An aqueous solution and
15 hydrocarbon feed are introduced into the same transfer line
2. At least one but preferably a plurality of in-line mixing
devices 3, such as orifices or static mixers, are installed
further downstream to provide the'necessary'mixing, The flows
are then sent to a separator 4 where sulfur-free hydrocarbons
20 - are separated from spent water by phase separation.
Referring to Fig. 3, an Adsorption Process I, in
accordance with the present invention, is shown. A suitable
N-halogeno compound is introduced into the hydrocarbon feed. .
At least one but preferably a plurality of mixing devices 5 -
25. are installed downstream of the introduction to provide the
necessary mixing; The stream is then sent to an adsorption
column 6 with appropriate adsorbent packing 7, in which the
reaction product of the N-halogeno compound and sulfur, as
‘well as unreacted N-halogeno compound, are adsorbed by the
30 colunmn. The hydrocarbons leaving the column will be
substantizlly sulfur-free.
Referring to Fig. ‘4, an Adsorption Process II, in
accordance with the present invention is shown. In this
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froma I|qU|d hydrocarbon stream contai ni ng organosulfur conpounds said
process ¢ « €Xposing a liquid hydrocarbon stream conpr
organosul?ﬂ@i%%%%%ﬁnd to a material conprising a N—halogenongokggﬂﬁgﬂZWH@?
conditions and tinme effective to permit said organosul fur conpound to react
with said N hal ogeno conpounds to result in a resultant |iquid hydrocarbon
stream which is substantially devoid of sulfur. Mre specifically, the
present invention is based on the discovery that the effectiveness of

sul fur renoval fromliquid hydrocarbon st#eans is inproved by using a

t echni que selected fromthe group consisting of reactive extraction,
reactive adsorption, and adsorption using adsorbents pre-loaded with N

process, the adsorbents used to effect sulfur removal are
preloaded with N-halcgeno compounds. These adsorbents are
prepared by saturating porous supports, such as activated
carbons and zeolites, with an aqueous solution of N-halogeno
5 compounds. The N-halogeno compound-loaded adsorbent is then
placed as packing 10 in a fixed bed column 9. A hydrocarbon
stream is then pumped via pump 8 upwardly through column 9
with adsorbents which are pre-loaded with N-halogeno compounds
as packing 10 for sulfur removal. The hydrocarbons leaving
10 the column will be substantially sulfur-free.
The present invention has been found to be particularly
useful in removing organosulfur compounds present in the
hydrocarbon stream in relatively small amounts.

XAMPLES
1is The following non-limiting examples are given by way of
illustration of the present invention.

Example I
Reactive Extraction .
In this Example, an aqueous solution of 0.6 wt. %
20 chloramine-T/99.4 wt. % water, and 0.7 wt. % chloramine-
B/99.3 wt. % were used to extract dimethyl sulfide (DMS),
ethyl methyl sulfide (EMS), diethyl sulfide (DES), ethyl
mercaptan (ETSH), or dimethyl disulfide (DMDS) from a number
of hydrocarbon streams, as i_dentified below in Table 1 as
25 "hydrocarbon phase composition.®
' The chloramine solution and hydrocarbon:  stream were
placed in a sealed bottle and mixed with a stlrrer at 21°C and
atmospheric pressure for 21 hours.
The separation of N-halogeno compounds and hydrocarbons
30 was eas:.ly achieved inasmuch as the two solutions were
immiscible, .merely by stopping the stirrer. After the
extraction, the upper hydrocarbon phase was sampled for sulfur
analysis. 'rhe-results are presented below in Table 1.
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hal.ogeno conpounds.

In accordance with the present

i nventi on,

di scover egy¢h9aji1odadal ogeno conpounds are capabl e of renpving

sul fi'des and di sul fi des,

even from streans containing high le

it has been

"BEEARAS0s60

pol yol efi ns, such as dlolefjns For purposes of the present invention, the
sul fur renoval techniques are based on the spontaneous chem cal reactions
bet ween N-hal ogeno conpounds such as chloram ne-T or chloran1ne B, and
or ganosul - fur conpounds. 15
Table 1
" Reactive Extraction
Hydrocarbon Extraction | Sulfur in -
Phase Phase Hydrocarbon
5 Composition Composition Ht. Ratio after Extraction
85% ¢, 99.4% Water :
15% Butadiene 0.6% CT 69:1 < 1 ppn
25 ppm DMS
85% C, 99.3% Water |
10 15% Butadiene 0.7% CB 65:1 < 1 ppm
25 ppm DMS )
85% C, 99.4% Water
15% Butadiene 0.6% CT 75:1 < 1 ppm
25 ppm EMS
15 85t ¢, 99.4% Water
15% Butadiene 0.6% CT 55:1 < 1 ppm
25 ppm DES
85% C, 99.4% Water -
15% Butadiene 0.6% CT 15:1 < 1 ppm
20 25 ppm DMDS
8s% C, 99.4% Water
15% Butadiene 0.6% CT 67:1 < 1 ppm
25 ppm EtSH
40% Butane 99.4% Water o
25 60% Butenes 0.6% CT 52:1 < 1 ppm
15 ppm DMS
13 ppm ETSH
In view of the foregoing, it appears that N-halogeno
compounds could reduce sulfur concentrations to below 1 ppm
30 even when butadiene is present.

—_—
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Inlgne of the reactive extraction enbodi ments of the present invention,‘thé'
sulfur co 9Bfoggroval may be acconplished using a liquid/ liqyi s
because it as been di scovered that sone of the N hal ogeno cgﬁbgH%ég%gﬁﬁ
their reaction products of N-hal ogeno-sulfur conpounds are nmore soluble in
water,than in paraffins, olefins or aromatic¢s. In a particularly preferred

enbodi nent, one can use an aqueous solution of these N hal ogeno conpounds

to react with the sul fur compounds, and extract the reaction products from
the hydr ocar bon phase to the aqueous pha§e.

Example 2 .
‘Re o sorpt ocess

Experiments were conducted to show the effectiveness of
reactive adsorption.

L] Experiment A was a reference test conducted as follows:
a feed solution ‘of 10 ppm DMS, 15 wt. % isobutylene, and 85
wt. % n-heptahe was pumped through a 5 cc stainless steel
column packed with sodium X-Zeolite at 20°C, 300 psig and 2
Liquid Hourly Space Velocity (LHSV). The cbiumn effluent was

10 analyzed to determine DMS break-through and the adsorption
capacity of Na-X Zeolite.

In Experiments B and C, a stoichiometric amount of 37 ppm
chloramine-T and 35 ppm chloramine-B were added to the feed
solutions, respectively. In other respects, the test,

15 including the test conditions, was unchanged.

Experiments B and C were compared to Experiment A (the
control) for the effectiveness of N-halogeno compounds in the
removal of sulfur contaminants from hydrocarbon streams. |

The feed compositions and the test results are tabulated

20 below in Table 2.
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In one of the reactive adsorption processes, referred to herein as

Adsor pt i P@a3e | a stoichiometric amount of N-hal ogeno c 5 '
be’ injec?@%s?nto ?he hydr ocarbon stream Subsequently, the reggﬁﬁggguggﬁéam

I s passed through an adsorbent columm to adsorb the N-hal ogeno-sulfur
conpounds and REPLACEMENT SHEET

Table 2
Reactive Adsorption I
Feed composition Na-X Capacity
85% C,

5 15% Isobutylene 0.15%
10 ppm DMS’

85% C,
" 15% Isobutylene T
: : 10 ppm DMS _ > 0.72%
10 37 ppm CT ' '
400 ppm Water

8st C,
15% Isobutylene
10 ppm DMS ' > 0.72%
15 35 ppm CB : :
' 400 ppm Water

In .view of the foregoing, it appears that adding N-
halogenc compounds to hydrocarbons more than quadrupled the
DMS capaczty of Na-X zeolite.

20 In addition, tests have been run which have generated
data to indicate that N-halogenc compounds are capable of
rem_ovixig mercaptans, sulfides and disulfides even from streanms
‘containing high levels of olefins.

For this purpose, the following examples were run:
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-3- any unreacted N hal ogeno conpounds. In the second reactive adsorption .
process, g,cg Adsorption Process Il, adsorbents which are pre-|oaded wth
N-hak ogeno™ 8%(1] ds are used to effect the sulfur renpval. FECTAUBP 9866901
t his enbodi'nent, adsorbents are prepared by saturating porous supports,
such as activated carbons and zeolites, wth an agueous sol ution of

N- hal ogeno conpounds. The N- hal ogeno conpounds-| oaded adsorbents may then
be placed in conventional fixed-bed columms for sulfur renoval.

-18-

Xam

This example demonstrates a continuous reactive

extraction process for dimethyl-sulfide removal from a

~ hydrocarbon stream with high olefin concentration. The stream

S was conmposed of 15 wt.% iso-butylene, 15 wt.% butene-l, 20

wt.% butene-2, about 40 wt.%t butanes, 10 wt. of C; and G

compounds, approximately 400 ppm water, and 9 ppm dimethyl

sulfide. A water solution containing 1000 ppm chloramine-T

was used as extraction agent. The extraction was conducted

10 inside a 1/4" x 3" glass tubing in a vertical position at

ambient temperature and 120 psi. Water/chloramine-T was

pumped into the bottom of the tubing at a rate of 0.14 g/min.

After the tubing was completely filled with water/chloramine~-

T, the hydrocarbon feed was introduced into the tubing at a

15 rate of 0.7 g/min. through a nozzle located in the bottom of

the tubing. The flow leaving the top of the tubing was sent

to a separator where feed and wa.ter/chloramine—'l‘ were

separated by phase separation. The contact time inside the

glass tubing was on th'é order of 5 to 10 seconds. Samples

20 . taken from the treated hydrocarbon showed a DMS concentration
of less than 0.2 ppm.

The preferred embodiments for purposes of the present
invention, i.e.,_effec_:ting the removal of sulfur contaminants
from hydrocarbons using N-halogeno compounds include a

25 reactive extraction process, and two reactive édsorption
processes.

The preferred reactive extraction process is accomplished
using liquid/liquid extraction techniques. In accordance with
the present invention, it has been discovered that some

30 N-halogeno compounds, e.g., those identified hefein, and the
reaction products of these N-halogeno compounds and sulfur
compounds are more soluble in water, than in paraffins,
olefins or aromatics. '_l‘hus, in the liquid/liquid reactive

/
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Preferred adsorbents and por ous suppdrts suitabl e for pur poses of these

enbodi mervwgo®b/igage pr esent invention include zeolites, activat %WO%
clay, alumna, silicate gel and |i ke adsorbents. BRI EF DESCRI PTIFO / 9
DRAWNGS Fig. 1 is an illustration of a counter current continuous reactive
extraction process for sulfur renoval. Fig. 2 is an illustration of a
con-current continuous reactive extraction process for sulfur renoval. Fig.
3is an illustration of one of the adsorption processes, referred to herein
as Adsorption Process |, of the presenllépvention.

extraction processes, an aqueous solution of N-halogéno
compounds is prepared and permitted to react with the sulfur
compounds upon exposure to the sulfur compounds which are
‘present in the hydrocarbon stream and the reaction products

-] are then extracted from the hydrocarbon phase to the aqueocus
phase using one of these reactive extraction techniques.

As an alternative, however, a reactive adsorption
process, hereinafter designated as Adsorption Process I or
Adsorption Process II, may be used.

10 The Adsorption Process I involves  injecting a
stoichiometric amount of N-halogeno compounds into the
hydrocarbon stream containing the sulfur contaminants, and

" then passing the hydrocarbon stream through an adsorbent
column to adsorb the N-halogeno-sulfur compounds and any

is unreacted N-halogeno compounds. . _ '

' "In the Adsorption Process 1II, sulfur removal is
accomplished using adsorbents which are pre-loaded with N-
halogeno compounds. In this embodiment, adsorbents ‘are
prepared by saturating pore supports, such as activated carbon

20 .  and zeolites with N-haiogéno compounds. The N-halogeno-
loaded adsorbent is then placed in a fixed-bed for sulfur
removal and the hydrocarbon stream containing ' sulfur.
contaminants is paSséd therethrough. '

It will also be appreciated by those of ordinary skill

25 .in the art that, while the present invention has been

~ described herein by reference to particular meéns, methods and
materials, the scope of the present invention is not limited
thereby énd- extends to any and all other means, methods and
materials suitable for practice of the present invention.

30 Therefore, although the present invention has been described '
with reference to particular means, materials and embodiments,
from the foregoing description one skilled in the art can
‘easily ascertain the essential characteristics of the present
invention, and various changes and modifications may be made

35 to various usages and conditions, without departing from the
spirit and scope of the invention as described in the claims
that follow. :
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Fig. 4 is an illustration of another adsorption process in accordance with -
the presewp 9aryeppi on, referred to herein as Adsorption Procepgriiisei/osees
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention involves
removi ng chem cal | y-conbrned sul fur, such as organosul fur conpounds, .from

i quid s contai ni ng organosul fur conpounds, by contacting
t he hyd”wwmnmlwmmﬁont ai ni ng organosul fur conpounds with appropriate
mat eri al & cbntlai M ng@ N+hal ogeno conpounds for a tine and under conditions

sufficient for the organosul fur conpoundggio react w th N-halogeno
conpounds to

C1ajms:

1. A process for the removal of organosulfur compounds
from a 1liquid hydrocarbon stream containing organosulfur
compounds, said process comprising:
exposing a liquid hydrocarbon stream éomprising an
organosulfur compound to a material comprising a N-halogeno
. compound under conditions and time effective to permit said
organosulfur compound to react with said N-halogeno compounds
to result in a resultant liquid hydrocarbon stream which is
substéntially devoid of sulfur. _
2. The process as defined by claim 1, wherein said
resultant liquid hydrocarbon stream contains less than about.
0.2 ppm sulfur. '
3. The process as defined by claim 1, wherein said
exposing is accomplished by a technique selected from the
group consisting of a liquid-liquid reactive extraction
process, and a reactive adsorption process. '
4. The process as defined by claim 3, wherein said N-
halogeno compounds are selected from the group of halogen-.
compounds having a general forﬁula selected from the following
group of formulae:
" (I) R,SO,NXM

wherein R, is a member selected from the group consisting of
Ph, PhCH,, p-CH;CH,, p-CICH,, p-BrCH,, p-NOCH, p-
CH;CONHCH,, P-NHC(H,, P-PhN=NC/H,, 2-Thienyl, and (CHy),(CH,),,
where m and n are integers equal to or greater than zero; X
is a radical selected from the group consisting of chlorine,
bromine, and iodine radicals; and M is a radical selected from
the group consisting of hydrogen, 1lithium, sodium, and
potassium radicals:;

(II) R,CONXM

wherein R, is a member selected from the group consisting of
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produce N—halogéno-sulfur conpounds as reaction products. N hal ogeno '

conpoun ﬁeke for purposes of the present invention |nclude those
havi-ng ?ﬁlgﬁol ng general forrmulae: (1) Rerr]Sqerr] NXM P ﬁmﬁf%rr]
is a nenber selected fromthe group consisting of Ph, PhCH err],

p-CHerr]JerrHerr], p=d derr]Herr], p- BrClerr] H[err], "
v N AR - e (5t Pere C ST A e
qu

n are fntegexrs = to or greater than zero; X is a radical selected
fromthe group consi sting of ~21-

CH,Cl, CHCl,, CHBr,, NH,, Ph, p-CH;0CH,, (CH,),(CE.,, and
(CHy) ,(CH,) O, wherein m and n are integers equal to or sreater
than zero; X is a radical selected from the group corsisting
of chlorine, bromine, and idozine radicals; and M is a2 madical
selected from the group consisting of hydrogen, _thium,
sodium, and potassium radicals.

' NXM
(III) RN c._\R

wherein R; is a m_embef selected from the group consisting of
CHy; and Ph; and wherein R, is a member selected from t“e group
consisting of H, NH,, N(CH;),, (CH,);, Ph, PhCl,, p-CESH, o-
CH,C,H,, p-ClCH,, o-ClCH,, and 2-Pyridyl; X is a rmadical
selected from the group consisting of chlorine, bromize, and
iodine radicals; and M is a radical selected from t-2 group
consisting of hydrogen, 1lithium, sodium, and psz2ssium
radicals;

(IV) C,H,0,NX .

wherein X is a radical selected from the group consisting of
chlorine, bromine, and iodine radicals. - | _

5. The process as defined by claim 4, wherein ths= liquid
of the reactive extraction process is an aqueous ligzid.

6. The process as defined by claim 5, whers2in said
material comprising N-halogeno compounds is an a:jueous
solution of water-soluble N-halogeno compounds.

7. The process as defined by claim 6, wherein s2id N-
-halogeno compounds are selected from the group consisting of
N-halogeno-N-metalloarylsulfonamidates and N-halogeno-N-
metalloalkylsulfonamidates. | '

8. The process as defined by claim 4, wherszi:= said
reactive = adsorption - process comprises injeczizz a
stoichiometric amount of N-halogeno compounds i=ztz said
hydrocarbon stream, and then passing said hydrocarbc: s:rean

'\'
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chlorine, bromne, and iodine radicals; and Mis a radical selected from -
the grou stlng -of hydrogen, lithium sodium and potass als.”
(II)“R[erRY§ %her ei n Rlerr] is a nenber selected fromthe w&%qI&
consisting of CHerr]d, CHCl [err], CHBr[err], NH err], Ph, p-
CHerr]OCerr err])[err](CH err])[err], and

(CH[GHWW err])[err]O wherein mand n are integers equal to or
greater wiﬂl y"g radi cal selected fromthe group consisting of

chl ori ne,* bro dine radicals: and Mis a radical selected from

t he group consi Stl ng of hydr ogen, lithi O%‘ sodi um and pot assi'um radi cal s.

containing said N-halogeho compounds through an adsorbent
column to adsorb N-halogeno-sulfur compounds and unreacted N-
halogeno compounds.

9. The process as defined by claim 8, wherein said
adsorbent is selected from the group consisting of activated
carbon, clay, alumina, silica gel, and molecular sieve
material.

. 10. . The process as defined by claim 4, wherein said
material comprising N-halogeno compounds is an adsorbent which
has been pre~loaded with said N-halogeno compounds. _ .

11. The process as defined by claim 10, wherein said
adsorbent pre-loaded with said N4halogehq compounds is
provided by saturating a porous support with said N-halogeno
compounds to result in a N-halogeno compound-loaded adsorbent;
and then supplying said N-halogeno compound-loaded adsorbent
in a fixed-bed 'column; and subsequently passing said
hydrocarbon stream comprising an organosulfur compound through
said fixed-bed column containing said N-halogeno compound-
loaded adsorbent. ' _

12. The process as defined by claim 11, wherein said
adsorbent and said porous support is a matérial selected from
a group consisting of activated carbon, clay, alumina, silica
gel and molecular sieve material. .

13. The process as defined by claim 12, wherein said
molecular sieve material is selected from the group of highly
crystalline molecular sieve materials having a pore size
within the range of more than 5 Angstrom units to about 15
Angstrom units.

14. The process as defined by claim 13, wherein said -
zeolites are selected from the group consisting of zeolite X,
Y, beta, and mordenite. '

15. The process as defined by claim 14, wherein said
zeolites are selected from the group of cation-exchanged

_—
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[err] wherein R[er.r] Is a menber selected fromthe group consisting of
CH err] Y d wherein R err] is a nenber selected from
cohs?stiﬁgtgg? , NH err], N(CHerr])[err], Ph, PhdJerr], ﬁ&?f{%ﬁ%}m@
p-CHerr](err]Herr], o-CHerr]err]Herr], p-Aderr]Herr],o-
ClC[err‘,H[err], and 2-Pyridyl; X is a radical selected fromthe group

consi s "mmlumu ) brom ne, and iodine radicals; and Mis a radical
sel ect el Hmmﬂu consi sting of hydrogen, lithium sodium and

potassium fadicdlss (FV) Cerr]Herr] g err] NX
-23-

zeolites. : .

16.  The process as defined by claim 15, wherein the
cations in said cation-exchanged-zeolités are selected from
the group consisting of alkali metals and alkaline earth
metals. . .

17. The process as defined by claim 3, wherein said
hydrocarbon stream comprises hydrocarbons selected from the
group consisting of aromatics, paraffins and olefins.

_ 18. The process as defined by claim 17, wherein said
olefinic compounds are selected from the group consisting of
mono-olefins, polyolefins, linear olefins, branched olefins,
alpha olefins, and internal olefins.

19. The prbcess_as defined by claim 18, wherein said

" conditions comprise temperatures within the range of about
10°C to about 100°C, and pressures within the rangegof about
. ambient to about 500 psi. , .

20. The process as defined by claim 19, wherein said
temperatures are within the range of ambient temperatures of
20°C to about 50°C.

21. A hydrocarbon stream havin§ a reduced amount of
'organosulfur compounds produced by the process of claim 1.
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wherein X is a radical selected fromthe group consisting of chlorine,
brom ne,. g oeodene radi cal s

: - 4- Preferred for reactive epdf/Rol 8669
processes, -Adsorption Process |, and Adsorption Process Il, are N- hal ogeno
conmpounds whi ch are water sol uble but not ,soluble in organic solvents, such
as those sel ected 1/[‘_ g
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fron1the group consi sting of N- hal ogeno- N-net al | oaryl sul f onam dat es and
N-halqgeno N net-al | oal kyl sul fonam dates. i.e

., chl oram ne- T and chh&&gg&ne
B. whi chveD®2/m®4d9 preferred for use with adsorption process

preferred for use with reactive extracti on processes. N—halogeno conpounds
whi ch are soluble in organic solvents, such as N-chl orosuccinimde, are
preferred for purposes of adsorption pr

ss |. O her N-hal ogeno conpounds
sui tabl e for purposes of the present in [

ion are N-hal ogeno com pounds
derived froma menber selected fromthe group consisting of amdes, °

am di nes, guani di nes, urea.

Sulfur-Free
Hydrocarbons

Separator

Spent Water

FiG. 2 .Con-Current Reactlive Extraction
In-Line Mixers

" Water/N-Halogeno Compound

Hydrocarbon )
Feed -
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uret hane,” and succininide, i.e., N—haldgeno N-net al | ocar bamat es, and

N- chl or oy 02 tipgagle. The present invention is also directed tpchARMiIeEE6o
organosul fur compounds from a hydrocarbon stream containing ol efinic
conpounds, paraffins. and aromatics and organosul fur conmpounds by
contacting the hydrocarbon streamwith a gyitable adsor bent for renoving
N- hal ogeno sul fur conmpounds for a time and/4under conditions suitable for
permtting the reaction of organosul fur conpounds and N-hal ogeno com
pounds to occur. In one enbodinent, the renoval may be acconplished using a
l'iquid/liquid extraction process due to ' )

Sulfur=Free
Hydrocarbons

s
™~ 5§ o
228 N

FIG. 3 Adsorption Process |

in-Line Mixers

N-Halogeno
Compound
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the fact .that some N hal ogeno conpounds and the reaction products of
N-hal ogeno- sul fur conpounds are nore soluble in water than i {'

ol efsi ns WO R/UMPi cs. | n anot her enbodi nent, a stoichionetri crbdggnob%% /0§€69
"N- hal ogeno conmpounds is injected into the hydrocarbon stream and the
resultant streamis passed through an adsorbent colum to adsorb the N
hal ogeno- sul fur conpounds and any unreactﬁ N- hal ogeno conpounds. In yet
anot her preferred enbodi nent. the sul fur ;? val is acconplished using
adsorbents which are prel oaded with N hal ogeno conmpounds. In this

enbodi nent, the adsorbents are prepared by saturating

Sulfur<Free
Hydrocarbons
Adsorptfon Column Packed
" with Adsorbent Contalning
N-Halogeno Compounds

L. /O
9

.

Figure 4 Adsorption-Process 11
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por ous support's 'such as activated carbon and zeolites. with N hal oﬁ‘@ﬁb” wes

conpounds and placing the N- hal ogeno conpound- Ioaded‘adsorbents |n .

conventi pnal. fixed-bed colums.for sulfur renovaj.
adsor bent s ORIHFOASTD SUPHETY s, siGt ablie for purp
] ibneliute Zegtd 1.eS 1o podetivial.ed carbons, |
and ot he ermhleﬁggl ar: b eV es.. t(F?{w sAumPpoges df-the

nmol ecul ajish.ew avjangn afs fef _ QN of -
Angst r omi#AM s §?§6§ja\t§£ga -y ﬁng§,tﬁom units are su tabl 6 ﬁome\fef’ nol eCur ar
! S

'sieves h

units to
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REMOVAL OF SULPUR CONTAMINANTS FPROM
HYDROCARBONS USING N-HALOGENC COMPOUNDS

1. Field of the Invention

The present invention relates tc the removal of sulfur
compounds from streams. More particularly, the present
invention relates to the removal of organosulfur compounds,
such as mercaptans, sulfides and dishlfides, from liquid
hydrocarbon streams. Specifically, the present invention is
directed to the removal of organosulfur compounds from
hydrocarbons by reactive extraction, as well as removing
organosulfur compounds from hydrocarbon streams by reactive
adsorption. _

2. iscussio ackground and Materia nformatio

The removal of sulfur compounds and particularly
chemically-combined sulfur, such as organosulfur compounds,
from feedstreams is highly desirable for environmental
concerns and in order to prevent -potential catalyst
deactlvatlon as well as equipment corrosion. '

Typlcally, hydrocarbon products contain various amounts .
of sulfur compounds in the form of, for example, chemically-
combined sulfur, such as inorganically combined sulfur and
organically combined sulfur,.i.e.,.organosulfur compounds.

The presence of organosulfur compounds in hydroéarbon
streams results naturally, as well as from the introduction
of organosulfur compounds, into the hydrocarbon streams during
conventional processes for producingzand treating hydrocarbon
products. ' : )

As prev;ously zndzcated, if chemxcally-comblned sulfur,
such as organosulfur compounds, are not removed from the
hydrocarbon streams, the presence of organosulfur compounds
in the resultant hydrocarbon products, including natural gas,

- paraffins, olefins and aromatics, particularly gasoline or

other fuels, can cause corrosion of processing equipment and
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wi t h nmol ecul ar sieves having an effective pore size within the range of
about 10 Angstromunits being nore preferred. The zeolite preferred for
purposes of the present invention has a pore size within the range of about
nore than 5 Angstromunits to about 15 Angstromunits, and may be in the
form of crushed or beaded particles. For purposes of the present invention
I nclude zeolite X, Y. beta and nordenite are the nore preferred zeolites.
However, zeolite X, i.e., sodium X zeoldste, is the nost preferred zeolite.
Zeolite X nol ecular sieves are described in U S. Patent No. - 2,883,244, a
specific exanple which is disclosed in U S

ngine parts, 2as well as other deleterious effects,
e

partlcularly when water is present.

U.S. Patent No. 4,283,373, FRECH et al., is directed to
a method of removing sulfur compounds from a gas stream by
contacting the stream with alkali metal salts of sul fonamides.
The preferred sulfonamide disclosed is chloramine-T which can
be sprayed into the gas stream, or the gas can be passed
through a porous carrier impregnated with the chloramine, or
through a resin with pendant substituted sulfonamide groups.

The information disclosed by PRECH.ét al. as background
for sulfur removal include the following:

U.S. Patent No. 1,783,901 relates to removing H,S from
natural gas depending upon the reactivity of the H,S with
amino nitrogen.

U.S. Patent No. 4,035,474, KUNKEL et al., is directed to
a method for removal of sulfur from tail gas by use of a cold
bed absorption process which utilizes a catalyst.

U.S. Patent No. 3,756,976, URANECK et al., removes thiol
odor from polymer latex through the use of numerous compounds
that convert odiferous sulfur compounds to non-odiferous form,
i.e., the use of alkali metal salts of N-halogenated
arylsulfonamides. :

U.S. Patent No. 3,306,945, CONVISER, is directed to a
process for purifying liquid unsaturated hydrocérbons of by
removing impurities using molecular sieve materjals. CONVISER
discloses that sulfides (R-S-R), which include dialkyl
sulfides, may be adsorbed by =zeolitic molecular sieves
material having sufficiently large pores to such impurities,
such as the synthet;c type X. .

U.S. Patent No. 4,592,892, EBERLY, Jr., is directed to

- a procéss of using a sorbent catalyst to remove sulfur from
naphtha. The sulfur impurities which are disclosed as being
removed are mercaptans, thiophenes, disulfides, thioethers,
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Pat ent. No. 3, 862.900, the disclosures of which are hereby incorporated by
reference herein thereto. Properties of zeolites suitable for this
application are described, for exanple, in “Zeolite Ml ecul ar Sieves" by
D.W Breck, R E: Krieger Pubishing Co., 1984. The zeolites are comrercially
avallable from UOP Inc. Properties of sonme zeolites are |isted bel ow
Zeolite X Average conposition: Na[errl‘o. A [err]Jerr]

2.5Sierr].6Herr]O =T

nydrégen sulfide, carbonyl sulfide, and %he like; and the
adsorbent is disclosed as a2 Group VI B and/or Group VIII metal
catalyst, for example, cobalt molybdate or nickel molybdate
supported on alumina.

U.S. Patent No. 3,367,862, MASCON et al., is directed to
a process for desulphurizing heavy residual fractions by
contacting with water in the presence of the catalyst
comprising the metal, metal oxide, or metal sulfxde distended
on a charred base.

Naphthas, which are used for reforming, typically contain
between 50 wppm to 500 wppmr sulfur as mercaptans, such as 2-
propyl mercaptan, butyl mercaptan, and thiophene, hindered
thiophenes, such as 2, 5-dimethylthiophene. Accordingly,
naphthas for reforming are usually treated with hydrogen over
a hydrotreating catalyst, such as a sulfided cobalt and
molybdenum on alumina support, or nickel and molybdenum on
alumina support, to protect reforming catalysts.’
Hydrotreating converts sulfur compounds to hydrogen sulfide,
decomposes nitrogen and oxygen compounds and saturates
olefins. Hydrotreating is done at a temperature between about
400°F. and S00°F., a pressure between 200 psig and 750 psig,
liquid hourly space velocity between 1 and 5, and hydrogen
circulation rate of 500 to 3000 scf/hr. Modern hydrotreating
processes can reduce sulfur concentration in naphtha to 0.25
wppm and even to 0.1 wppm.

U.S. Patent No. 3,898,183 1is directed to purifying
reformer feedstreams by' passing hydrotreated reformer
feedstock through a zinc oxide bed.

U.S. Patent No. 4,634,518 passes hydrotreated reformer
feed over massive nickel catalysts. '

Other treatments for purifying hydrotreated feedstock for
reforming are disclosed in U.S. Patent Nos. 4,320,220;
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Pore Di aneter: -10A Referencez: RM Mlton, U S Pat. No. 2,882,244 (1959)

4. 225,417; 4,575,415; and 4,534,943; wherein the disclosed
’

treatment is over manganese oxides.
A suitable manganese oxide formulation for this purpose

which is commercially available is Sulfur Guard HRD-264 sold
- by Englehard wherein recommended treatment conditions are
temperatures within the range of 600°F. to 1000°F., pressures
within the range of about 150 psig to 700 psig, 1/1 to 30/1
hydrogen to oil molar ratio, and 500 to 50,000 ghsv.

U.S. Patent No. 4,456,527 is directed to purifying
hydrotreated feed for reforming over zeolite L catalysts.

German Patent No. 3 527 110-A, CIBA GEIGY AG, is directed
to removing hydrogen sulfide from gases by oxidation using a
solution containing anthraquinone sulphonamide and variable
valency metal compounds followed by reoxidation, preferably
using oxygen of hydroquinone.

The process is disclosed as being useful to purify gas,
town gas, waste gases, and CO, rich streams from coal
combustion, wherein the impurities which may be present are-
identified as including certain oxides of C, N and S, H,,
organic S compounds, and HCN.

British Patent No. 2 209 386, CIBA GEIGY AG, is directed
to the removal of hydrogen sulphide from gases or liquid
hydrocarbons by washing with alkaline solution containing
anthraquinone disulphonamides. It is disclosed that hydrogen
sulfide in gases is adsorbed, for subsequent removal in
sulfur, by washing the gas with an aqueous alkaline solution
of one or more anthragquinone sulphonamides. o

_European Application No. 74 894, CIE FRANCAISE RAFFINAGE,
is directed to the extraction of hydrogen sulfide, carbon
dioxide and the 1like, from hydrocarbon gases using
sulphonamide or sulphamide as solvent. It is disclosed that
undesirable gases, for example, H,S, CO,, COS, and mercaptans,
are removed from their mixtures with hydrocarbons and/or H, by
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REPLACENMENT SHEET - 5- Zeolite Y Average conposition: Na[ferr]O *
Alferr]Jerr] * 4.85Jerr] . 89H err]O Pore Dianeter: -10A

a-solvent whose molecule contains at least one group N-50,,
and preferably a sulphonamide or sulphamide,.
SUMMARY OF THE_ PRESENT INVENTION

In general, the present invention relates to removing
organosulfur compounds from 1liquid hydrocarbons. More
specifically, the present invention is based on the discovery
that the effectiveness of sulfur removal from 1liquid
hydrocarbon streams is improved by using a technique selected
from the group consisting of reactive extraction, reactive
adsorption, and adsorption using adsorbents pre-loaded with
N-halogeno compounds. .

In accordance with the present invention, it has been
discovered that N-halogeno compounds are capable of removing
mercaptans, sulfides and disulfides, even from streams
containing high levels of polyolefins, such as diolefins.

For purposes of the present invention, the sulfur removal
techniques are based on the spontaneous chemical reactions
between N-halogeno compounds such as chloramine-T or
chloramine-B, and organosul fur compounds.

In one of the reactive extraction embodiments of the
present invention, the sulfur compound removal may be
accomplished using a liquid/liquid process because it has been
discovered that some of the N-halogeno compounds and their
reaction products of N-halogeno-sulfur compounds are more
soluble in water, than in paraffins, olefins or aromatics.

In a particularly preferred embodiment, one can use an
aqueous solution of these N-halogeno compounds to react with
the sulfur compounds, and extract the reaction products from
the hydrocarbon phase to the agueous phase.

In one of the reactive adsorption processes, referred to
herein as Adsorption Process I, a stoichiometric amount of N-
halogeno compounds may be injected into the hydrocarbon
stream. Subsequently, the resultant stream is passed through
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Ref erence: 'D.W Breck, U S. Pat. No. 3,130,007 (1964) Zeolite Mrdenite
Average conposition: Na[err]O* A[err]Jerr]* 9-10SiJerr] * 6Herr] O Pore
D ameter: -7 A : '

an adsorbent column to adsorb the N-hclogeno-sulfur compounds
and any unreacted N-halcgeno compounds.

- In the second reaction adsorption proceés, i.e.,
Adsorption Procéss-II,'adsorbents which are pre-loaded with
N-halogeno compounds are used to effect the sulfur renmoval.
For purposes of this embodiment, adsorbents are prepared by
saturating porous supports, such as activated carbons and
zeolites, with an aqueous solution of N-halogeno compounds.
The N-halogeno compounds~loaded adsorbents may then be placed
in conventional fixed-bed columns for sulfur removal.

Preferred adsorbents and porous supports suitable for
purposes of these embodiments of the present invention include
zeolites, activated carbon, clay, alumina, silicate gel and

- 1ike adsorbents. | '
EF DESCRIPTION O DRAWI

Fig. 1 is an illustration of a counter current continuous
reactive extraction process for sulfur removal.

Fig. 2 is an illustration of a con-current continuous
reactive extraction process for sulfur removal.

Fig. 3 is an illustration of one of the adscorption
‘processes, referred to herein as Adsorption Process I, of the
present . invention. '

Fig. 4 is an illustration of another adsorption process
in accordance with the present invention, referred to herein
as Adsorption Process II.

DETAILED DESCRIPTION OF THE INVENTION _

The present invention involves removing chemically-
combined sulfur, such as organosulfur compounds, from liquid
hydrocarbon streams containing organosulfur compounds, by
contacting the hydrocarbon stream containing organosulfur
compounds with appropriate materials containing N-halogerno
compounds for a time and under conditions sufficient for the

_
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Reference: RM Mlton, U S Pat No. 2,882,244 (1959) Alum na suitable for
from conventional alum na
power, a high surface
during handi ng and use,
exanpl e of al um na

pur poses of the present invention nmay be sel ected
adsorbents which have appropriate high adsorptive
area, suitable hardness, resis- tance to crunbing
sui tabl e size and granular form A representatlve

suitable for
No. 3, 864, 243.

pur poses of the present?+nvention is disclosed in U S. Patent
t he disclosure of which . is here by incorporated by reference

herein thereto. The follow ng description relates to

organosulfur compounds to react with N-halogeno compounds to
produce N-halogeno-sulfur compounds as reaction produc-.s.
N-halogeno compounds suitable for purposes of the present
mvention include those having the following general fomulae-
(I) R,SO,NXH
wherein R, is a member selected from the group consisting of
ph, PhCH,, P-CHsCgH,, PpP-ClCH,, Pp-BrCjH,, p- NO,C,H,, p-

'CH,CONHC¢H,, P-NH,;C¢H,, p-PhN=NCeH,, 2-Thienyl, and (CHy),(CH,),,

where m and n are integers equal to or greater than zero; X
js a radical selected from the group consisting of chlorine,
bromine, and iodine radicals; and M is a radical selected from
the group consisting of hydrogen, 1lithium, sodium, and
potassium radicals.

(II) R,CONXM

wherein R, is a member selected from the group consisting of
CH,Cl, CHCl,, CHBr,, NH,, Ph, P-CHOCH,, (CHs)n,(CH;),, and
(CH,) n(CH;) 0, wherein m and n are integers equal to or greater.
than zero; X is a radical selected from the group consisting
of chlorine, bromine, and iodine radicals; and M is a radical
selected from the group consisting of hydrogen, lithium,

~ sodium, and potassium radicals.

NXM

(I1I) R‘N=C< N

wherein Ry is a member selected from the group consisting of
CH, and Ph; and wherein R. is a member selected from the group
consisting of H, NH;, N(CH,),;, (CH,;);, Ph, PhCl,, p-CH,C,H,, ©o-
CH,CeH,, P-ClCeH,, ©0-ClCeH,, and 2-Pyridyl; X is a 'radical
selected from the group consisting of chlorine, bromine, and
iodine radicals; and M is a radical selected from the group
consisting of hydrogen, lithium, sodium, and potassium
radicals. '

-
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al um na suitable for purposes of the present invention. Kaiser Activated
Alum na A-201 (neutral) '8 x 14 nmesh spheres with a high surface area (325
- merr]/gm Typical analysis (dry basis) 93.25% Al[err]Jerr] 0.35%
Na[err] O 0.02% Fe[err]derr] 0.02% Si g err]

(fV) CH0NX
wherein X is a radical selected from the group consisting of

chlorine, bromine, and iodire radicals.

_ Preterred for reactive extraction processes, Adsorption
process I, and Adsorption Process II, are N-halogeno compounds
which are water soluble but not soluble in organic solvents,
such as those selected from the group consisting of N-
halogene—N-metalloarylsulfonamidates and N-halogeno-N-
metalloalkylsulfonamidates, i.e., chloramine-T and chloramine
B, which are more preferred for use with adsorption process
II and most preferred for use with reactive extraction
processes. N-halogeno compounds which are soluble in organic
solvents, such as N-chlorosuccinimide, are preferred for
purposes of adsorption process I. '

Other N-halogeno compounds suitable for purposes of the
present invention are N-halogeno coinp_ounds derived from a
member selected from the group consisting of amides amidines,
guanidines, urea, urethane, and succinimide, i.e., N-halogeno-
N-metallocarbamates, and N-chlorosuccininide.

The present invention is also directed to removing
organosulfur compounds from a hydrocarbon stream containing
olefinic compounds, paratfins, and aromatics and organosul fur
compounds by contacting the hydrocarbon stream with a suitable
‘adsorbent for removing N-halogeno sulfur compounds for a time

~ and under conditions suitable for permitting the reaction of
'organosulfur compounds and N-halogeno compounds to occur.

In one embodiment, the removal may be accomplished using
a 'liquid/liquid extraction process due to the fact that some
N-halogeno compounds and the reaction products of N—halogeno-
sulfur compounds are more soluble in water than in paraffins,:
olefins or aromatics. _

In another embodiment, a stoichiometric amount of N-
halogeno compounds is injected into the hydrocarbon streanm
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The |iquid hydrocarbon stream i ncluding the organosul fur conpounds treated
I n accordance with the present invention preferably includes paraffins,
aromatics and ol efin conpounds. The ol efinic conpounds present in the-
hydrocar bon stream are selected fromthe group consisting of nono-olefins,
pol yol efins, linear olefins, branched ol efins, alpha olefins and internal
ol efins. The hydrocarbon streanltreated ~4D accordance with the -present
i nvention may al so i nclude hydrocarbons sel ected fromthe group consisting
of aromatics and paraffins as well as olefins. The aromatic conpounds
present in the hydrocarbon stream which may be renoved in accordance with
the present invention, are selected fromthe group consisting. of

and the resultant stream is passed through an adsorbent column

to adsorb the N-haliogeno-sulfur compounds and any unreactesd

N-halogeno compounds. '

In yet another preferred embodiment, the sulfur removal
is accompiished using adsorbents which are preloaded with N-
halogeno compounds. In this embodiment, the adsorbents are
prepared by saturating porous supports, such as activated
carbon and zeolites, with N~-halogeno compounds and placing the
N-halogeno compound-loaded adsorbents in conventional fixed-
bed columns for sulfur removal.

As indicated above, adsorbents or pbrous supports,
suitable for purposes of the present invention, include
zeoclites, activated carbons, clay, alumina, 511icate gel and
other molecular sieves.

For purposes of the present invention, molecular sieves
having an effective pore size of from more than about §
Angstrom units to about 15 Angstrom units are suitable:
however, molecular sieves having an effective pore size within
the range of about 7 Angstrom units to about 10 Angstrom units

_ are preferred, with molecular sieves having an effective pore
size within the range of about 10 Angstrom units being more
preferred.

The zeolite preferred for purposes of the present
invention has a pore size within the range of about more than
S Angstrom units to about 15 Angstrom units, and may be in the
form of crushed or beaded particles. For purposes of the
present invention include zeolite X, Y, beta and mordenite
are the more preferred zeolites. However, zeolite X, i.e.,
sodium X zeolite, is the most preferred zeolite. 2eolite X
molecular sieves are described in U.S. Patent No. 2,883,244,
a specific example which is disclosed in U.S. Patent No.
3,862,900, the disclosures of which are hereby incorporated

. by reference herein thereto.
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benzene, toluene, and xylene isoners and m xtures thereof. The paraffins
whi ch may be present in the hydrocarbon stream may be selected fromthe
group consisting of linear paraffins and branched paraffins, and m xtures
t hereof . The organosul fur conpounds renoved fromthe hydrocarbon streamin
accordance with the present invention are selected fromthe group

consi sting hydrogen sul fide, mercaptggs, sulfides, and disulfides, and

m xt ures thereof.

properties of zeolites suitable for this application are
described, for example, in "Zeolite Molecular Sieves" by D.
w. Breck, R. E. Krieger Publishing Co., 1984. The zeolites
are commercially available from UOP Inc. Properties of some
zeolites are listed below:

Zeolite X

Average composition: Na,0 ° Al,0; * 2.58i0, ° 6H,0

Pore Diameter: ~10 A

Reference: R. M. Milton, U.S. Pat. No. 2,882,244 (1959)

Zeolite Y | :

Average composition: Na,0 * Al,0; ° 4.85i0, * 8.9H,0

Pore Diameter: ~10 A

Reference: D. W. Breck, U.S. Pat. No. 3,130,007 (1964)

‘Zeolite Mordenite - C

Average composition: Na,0 * Al,0; ° 9-108i0, ° 6H,0

Pore Diameter: -7 A _

Reference: R. M. Milton, U.S. Pat. No. 2,882,244 (1959)

Alumina suitable for purposes of the present invention
may be selected from conventional alumina adsorbents which
have appropriate high adsorptiv}e power, a high surface area,
suitable hardness, resistance to crumbling during handling and
use, suitable size and granular form. A representative
example of alumina suitable for purposeé of the present
invention is disclosed in U.S. Patent No. 3,864,243, the
disclosure of which is hereby incorporated by reference herein
thereto. The following description relates to alumina
suitable for purposes of the present invention.

aiser Activated Alumina A-201 (neutra

8 X 14 mesh spheres with a high surface area (325 mz/gm)

Typical analysis 93.25% Al,0,
(dry basis) 0.35% Nay,0
0.02% Fe,0;
0.02% sio,
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A4 JAN 1997 i




Lo
. 4

-6 - In certain applications. the present invention has been found to be
particularly useful in elimnatng dial kyl sulfides, such as dinethyl

sul fide, fron1 hydr ocar bon streanms whi ch woul d ot herw se have a del eteri ous
~effect in*a reaction process. for exanple, in the deactivation of catalytic
mat enal s used, for exanple, in catalytic distillation reaction zones.

-11-

The liquid hydrdcarbon stream including the organosulfur
compounds treated in accordance with the present invention
preferably includes paraffins, aromatics and olefin compounds.
The olefinic compounds present in the hydrocarbon stream are
selected from the group' consisting of mono-olefins,
polyolefins, linear olefins, branched olefins, alpha clefins
and internal olefins. The hydrocarbon stream treated in
accordance with the present invention may also include
hydrocarbons selected from the group consisting of aromatics
and paraffins as well as olefins. The aromatic compounds
present in the hydrocarbon stream, which may be removed in
accordance with the present invention, are selected from the
group consisting of benzene, toluene and xylene isomers and
mixtures thereof. .

The paraffins which may be present in the hydrocarbon
stream may be selected from the group consisting of linear
paraffins and branched paraffins, and mixtures thereof.

The organosulfur compounds removed from the hydrocarbon
stream in accordance with the present invention are selected

 from the group consisfing hydrogen sulfide, mercaptans,
sulfides, and disulfides, and mixtures thereof.

In certain applications, the present invention has been
found to be particularly useful in eliminating dialkyl
sulfides, such as dimethyl sulfide, from hydrocarbon streams
which would otherwise have a deleteriocus effect in a reaction
process, for example; in the deactivation of catalytic
materials used, for example, in catalytic distillation
reaction zones.

In accordance with the present invention, the resultant
liquid hydrocarbon stream contains less than about 2ppm sulfur
and preferably 1less then about 0.2 ppm sulfur. Most

.preferably, the resultant hydrocarbon stream is substantially'
devoid of sulfur.

_
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I n accordance with the present invention, the resultant |iquid hydrocarbon
stream contains | ess than about 2 porn sulfur and preferably |ess than
about 0.2 ppm sulfur. Mst preferably, the resultant hydrocarbon streamis
substantially devoid of sulfur. The process .of the present invention is
performed under conditions including tenperatures within the range of about
10[err]C to about 100[err]C and pressures within the range of about anbient
to about 3.45 MPa 500 psi);. preferably the tenperatures are within the
range of anbient tenperatures of 20[er ét:to about 50[err]C. The present

I nvention is particularly suitable for renmoving organosul fur conpounds from
hydr ocar bons '

The process of the present invention is performed under
conditions including tempeéeratures within the range of about
10°C to about 100°C and pressures within the range of about
ambient to about 500 psi; preferably the temperatures are
within the range of ambient temperatures of 20°C to about
50°C.

The present invention is particularly suitable for
removing organosulfur compounds from hydrocarbons containing
olefinic compounds.

As previously discussed, the present invention |{s
directed to the removal of organically-combined sulfur, i.e.,
organosulfur compounds, from hydrocarbon streams containing
organosulfur compounds by subjecting the hydrocarbon stream
to appropriate adsorbent materials for a time and under
suitable conditions.

For example, in accordance with the present invention,

a C, stream from steam crackers or catalytic crackers for the.
manufacture of methyl tertiary butyl ether (MTBE), which may
contain 15 wt.% isobutylene, 15 wt.% butene-1, 20 wt.% butene-
2, 40 wt.% butane, 10 wt.% of ¢y and ¢, about 400 ppm water,
and approximately 1 - 4 ppm of dimethyl sulfide, is introduced
into a water wash column where a counter-current flow of an
aquedus solution of suitable N-halogeno compound, such as
chloramine-T or chloramine~B, is present. The temperature for
this procedure may be within the range of from ambient to 70°
C with ambient to 50°C being more preferred. The pressure may
range from 50 to 500 psi, with 150 to 300 psi being more
preferred. The flow rate for the C, may be from 9'.1 to 10
LHSV (Liquid Hourly Space Velocity), with 1 to 3 LHSV being
more preferred. The flow rate for water may range from 0.01
to 10 LHSV with 0.02 to 0.6 being more preferred.

Referring to Fig. 1, a counter-current continuous
reactive extraction process for sulfur removal in accordance
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cont ai ning ol efinic compounds. As previously discussed, the present
invention is directed to the renoval of organically-conbined sul fur, i.e.

, organosul fur conpounds, from hydrocarbon streans containing organosul fur
conpounds by subjecting the hydrocarbon streamto appropriate adsorbent
materials for a tinme and under suitable conditions. For exanple, in
accordance with the present invention, a (ferr] streamfrom steam crackers
or catalytic crackers for the manufaggure of nmethyl tertiary butyl ether
(MIBE). which may contain 15 w. % isobutylene. 15 w. % butane-i. 20 wt %

butene-2, 40 wt.% butane, 10 wt.% of Clerr] and C[err], about 400 ppm
wat er, and :en the present invention is shown. An aqueous solution of
wl

a suitable M~-halogeno <compound is introduced into the
extraction tower 1 at the top and flows downwardiy. The
hydrocarbon feed is introduced at the bottom of the extraction
tower or column, and flows upwardly. The extraction column
i is preferably equipped with proper trays or packing (not
shown) to improve mixing efficiency. Sulfur-free hydrocarbons
are withdrawn from the top of the column 1 and spent water
containing untreated N-halogeno compound and the reaction
product of N-halogeno and sulfur is removed from the bottom
of the colunmn. ' _ '

Referring to Fig. 2, a con-current continuous reactive
extraction process for sulfur removal in accordance with the
present invention is shown. An aqueous solution. and
hydrocarbon feed are introduced into the same transfer line
‘2. At least one but preferably a plurality of in-line mixing
devices 3, such as orifices or static mixers, are installed
further downstream to provide the necessary mixing. The flows
are then sent to a separator 4 where sulfur-free hydrocarbons
are separated from spent water by phase separation.

Referring to Fig. 3, an Adsorption Process I, in
accordance with the present invention, is shown. A suitable
N-halogeno compound is introduced into the hydrocarbon feed.
At least one but preferably a plurality of mixing devices 5
are installed downstream of the introduction to provide the
necessary mixing. The stream is then sent to an adsorption
column 6 with appropriate adsorbent packing 7, in which the
reaction product of the N-halogeno compound and sulfur, as
well as unreacted N-halogeno compound, are adsorbed by the
column. The hydrécarbons leaving the column "will be
substantially sulfur-free.

Referring to Fig. 4, an Adsorption Process II, . in
accordance with the present invention is shown. In this
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approximately 1 - 4 ppmof dinmethyl sulfide, is introduced into a water
wash col umm where a counter- current flow of an aqueous sol ution of |

sui tabl e N-hal ogeno conpound, such as chloram ne-T or chloramne- B, is
present. The tenperature for this procedure nay be within the range of from
anbi-ent to 70 [err]C with anbient to 50[err]C being nore preferred. The
pressure may range from0.345 to 3.45 MPa (50 to 500 psi), wth 1.03 to
2.07 MPa (150 to 300 psi) being nore piéferred. The flow rate for the

Cerr] may be fromO0.1 to 10 LHSV (Liquid Hourly Space Velocity), with 1 to
3-LHSV being nore preferred. The flowrate for water may range fromo0.01 to

10 LHSV wth 0. c§;§é143,6 g%ig%s%QBQnQQGLQE&eQD effect sulfur removal are

preloaded with N-halogeno compounds. These adsorbents are
prepared by saturating porous supports, such as activated
carbons and zeolites, with an aquenus solution of N-balogeno
compounds. The N-halogeno compound-loaded adsorbent is then
placed as packing 10 in a fixed bed celumn 9. A hydrocarbon
stream is then pumped via pump 8 upwardly through column $
with adsorbents which are pre-loaded with N-halogeno compounds
as packing 10 for sulfur removal. The hydrbcarbons leaving
the column will be substantially sulfur-free. |

The present invention has been found to be particularly
useful in removing organosulfur compounds present in the
hydrocarbon stream in relatively small amounts.

EXAMPLES |

The following non-limiting examples are given bylway of
illustration of the present invention.
Example I -
Reactive Extraction

In this Example, an agqueous solution of 0.6 wt. %
chloramine-T/99.4 wt. & water, and 0.7 wt. % chloramine-
B/99.3 wt. % were .used to extract dimethyl'sulfide (DMS) ,
ethyl methyl sulfide (EMS), diethyl sulfide (DES), ethyl
mercaptan (ETSH), or dimethyl disulfide (DMDS) from a number

. of hydrocarbon streams, as identified below in Table 1 as
"hydrocarbon phase composition.™

The chloramine solution and hydrocarbon stream were
placed in a sealed bottle and mixed with a stirrer at 21°C and
atmospheric pressure for 21 hours.

The separation of N-halogeno compounds and hydrocarbons
was easily achieved inasmuch as the two solutions were
immiscible, merely by stopping the stirrer. After the
extraction, the upper hydrocarbon phase was sampled for sulfur
analysis. The results are presented below in Table 1. '

REPLACEMENT SHERT|
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~Referring to Fig. 1, a counter-current continuous reactive extraction
process for sulfur renoval in accordance with the present invention is
shown. An aqueous sol ution of a suitable Nhal ogeno conpound is introduced
into the extraction tower 1 at the top and flows downwardly. The
hydrocarbon feed is introduced at the bottom of the extraction tower or
colum, and flows upwardly. The extraction colum-1 is preferably equi pped
with proper trays or packing (not shoﬁﬁf to inprove mxing efficiency.
Sul-fur-free hydrocarbons are withdrawn fromthe top of the colum 1 and
spent water containing untreated N hal ogeno conpound and the reaction
product of N-halogeno and sulfur is renoved fromthe bottom of the colum.

Table 1
Reactive Extraction
‘Hydrocarbon Extraction Sulfur in
Phase . Phase ' : Hydrocarbon
Composition Composition Wt. Ratio after Extraction
85% G, 99.4% Water :
15% Butadiene 0.6% CT 69:1 < 1 ppm
25 ppm DMS.
85% C, 99.3% Water
15% Butadiene 0.7% CB 65:1 <1 ppm
25 ppm DMS :
85% C, 99.4% Water
15% Butadiene 0.6% CT 75:1 <1 ppm.
25 ppm EMS ' ' '
85% C, 99.4% Water
15% Butadiene - 0.6% CT 55:1 < 1 ppm
25 ppm DES
85% C, 99.4% Water
15% Butadiene 0.6% CT '15:1 _ - < 1 ppm
25 ppm DMDS :
85% C, 99.4% Water _
15% Butadiene 0.6% CT 67:1 ) < 1 ppnm
25 ppm EtSH ' :
40% Butane 99.4% Water _
60% Butenes 0.6% CT 52:1 . < 1 ppm
15 ppm DMS
13 ppm ETSH

In view of the foregoing, it appears that N-halogeno
compounds could reduce sulfur concentrations to below 1 ppm
even when butadiene is present.

REPLACEMENT SHEET
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Referring to Fig. 2. a con-current continuous reactive extraction process
for sulfur renoval in accor- dance with the present invention is shown. An
-aqueous sol ution and hydrocarbon feed are introduced into the sane transfer
line 2. At |east one but preferably a plurality of in-line m xing devices
3, such as orifices or static mxers, ‘are installed further downstreamto
provi de the necessary nixing. The flows are then sent to a separator 4
where sul fur-free hydrocarbons are sepd-ated from spent water by phase
separation. Referring to Fig. 3, an Adsorption Process |. in-accordance
with the present invention, is shown. A suitable N halogeno conpound is

I ntroduced into the hydrocarbon feed. At |east one but preferably a

Egamb}g z ’ .
‘Reactio ion Process

Experiments were conducted to show the effectiveness of
reactive adsorption. ' '
' Experimént A was a reference test conducted as follows:
a feed solution of 10 ppm DMS, 15 wt. % isobutylene, and 85
wt. % n-heptane was pumped through a 5 cc stainless steel
column packed with sodium X-Zeolite at 20°C, 300 psig and 2
Liquid Hourly Space Velocity (LHSV). The column effluent was
analyzed to determine DMS break-through and the adsorption
capacity of Na~X Zeolite. B _ _

In Experiments B and C, a stoichiometric amount of 37 ppm
chloramine-T and 35 ppm chloramine-B were added to the feed
solutions, respectively. In other respécts, the test,
including the test cbnditions; was unchanged.

Experiments B and C were compared to Experiment A (the
control) for the effectiveness of N-haloqéno compounds in the
removal of sulfur contaminants from hydrocarbon streanms.

The feed coﬁpositions and the test results are tabulated
below in Table 2. '
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plurality of mixing devices 5 are i nstal | ed downstream of t he introduction

to provide the necessary mxing. The streamis then sent to an adsorption

colum 6 with appropriate adsorbent packing 7,
product of the N-hal ogeno conpound and sul fur,

as wel |

in which the reaction
as unreact ed

N- hal ogeno conpound,. are adsorbed by the colunn The hydrocarbons | eavi ng

the colum will be substantially sulfur-free.

Adsorption Process |

In this process, the adsorbents used t

prel oaded with N-hal ogeno conpounds.
saturating porous supports,

In view of the foreqoing,

Reactive Adsorption I
Na-X Capacity

Feed Composition .

85% C,
15% Isobutylene
10 ppm DMS

8ss c,

15% Isobutylene |

10 ppm DMS
37 ppn CT
400 ppm Water

85% C,

15% Isobutylene
10 ppm DMS

35 ppm CB

400 ppm Water

r enoval

0.15%

> 0.72%

> 0.72% .

are -’

Referrlng to Fig. 4, an

-in accordance wW_ p the present invention is shomm
effect 'sul fur
These. adsorbents are prepared by
such as actlvated carbons and zeolites,

with an

it appears that adding N-

halogeno compounds to hydrocarbons more than quadrupled the

DMS capacity of Na-X zeolite.
In addition,

tests have been run which have generated

data to indicate that N-halogeno compounds are capable of
removing mercaptans, sulfides and disulfides even from streams

containing high levels of olefins.
For this purpose, the following examples were run:

—__*__;‘___‘—‘~_§__;‘
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aqueous .sol uti on of N-hal ogeno conmpounds. The N- hal ogeno conpound-| oaded
adsorbent is then placed as packing 10 in a fixed bed colum 9. A

hydr ocarbon streamis then punped via punp 8 upwardly through colum 9 with
adsor bents which are pre-1oaded w th-N-hal ogeno conpounds as packing 10 for
sul fur renmoval .The hydrocarbons | eaving the colum will bé substantially
sul fur-free. The present invention has been found to be particularly useful
i n removi ng organosul fur conpounds presi®t in the hydrocarbon streamin’
relatively small anounts. EXAMPLES _

xample
 This example demonstrates a continuous reactive
extraction precess for dimethyl-sulfide removal from a
hydrocarbon stream with high olefin concentration. The stream
. was composed of 15 wt.% iso-butylene, 15 wt.% butene-1, 20

wt.% butene-2, about 40 wt.% butanes, 10 wt. of ¢ and G

compounds, approximately 400 ppm water, and 9 ppm dimethyl .
sulfide. A water solution containing 1000 ppm'chloraminé-r
was used as extraction agent. The extraction was conducted

inside a 1/4" x 3" glass tubing in a vertical position at

ambient temperature and 120 psi. Water/chloramine-T was

pumped into the bottom of the tubing at a rate of 0.14 g/min.

After the tubing was completely filled with water/chloramine-

T, the hydrocarbon feed was introduced into the tubing at a

rate of 0.7 g/min. through a nozzle located in the bottom of

the tubing. The flow leaving the top of the tubing was sent

to a separator where feed and water/chloramine-T were

separated by phase sepafation. The contact time inside the

glass tubing was on the order of 5 to 10 seconds. Samples

taken from the treated hydrocarbon showed a DMS concentration

of less than 0.2 ppm.

The preferred embodiments for purposes of the present
invention, i.e., effecting the removal of sulfur contaminants
from hydrocarbons using N-halbgeno compounds include a
reactive extraction process, and two reactive adsorption
processes.

The preferred reactive extraction process is accomplished
using liquid/liquid extraction techniques. In accordance with
the present invention, it has been discovered that some
N-halogeno compounds, e.g., those identified herein, and the
reaction products of these N-halogeno compounds and sulfur
ccmpouhds are more _solhble in water, than in paraffins,
olefins or aromatics. Thus, in the liquid/liquid reactive

——[WEPLACEMENT SHEET
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The fol | ow ng non-limting exanples are given by way of illustration of the
present invention. -7- Exanple 1 Reactive Extraction '

-19-

extraction processes, an aquaous ‘solution of N-halogeno
compounds is prepared and permitted to react with the sulfur
compounds upon exposure to the sulfur compounds which are
present in the hydrocarbon stream and the reaction products
are then extracted from the hydrocarbon phase to the aqueous
phase using one of these reactive extraction technigques.

As an alternative, however, a reactive adsorption
process, hereinafter designated as Adsorption Process I or
Adsorption Process II, may be used. _

The Adsorption Process I involves injecting- a
stoichiometric amount of N-halogeno compounds into the
hydrocarbon - stream containing the sulfur contaminants, and
then passing the hydrocarbon stream through an adsorbent
colunn to adsorb the N-halogeno-sulfur compounds and any
unreacted N-halogeno compounds.

In the Adsorption Process 1II, sulfur removal is
accomplished using adsorbents which are pre-locaded with N-
halogéno compounds. In this embodiment, adsorbents are.
prepared by saturating pore supports, such as activated carbon
and zeolites with N-halogeno compounds. The N-halogeno-
loaded adsorbent is then placed in a fixed-bed for sulfur
removal and the hydrocarbon stream containing sulfur
contaminants is passed therethrough.

It will also be appreciated by those of ordinary skill
in the art that, while the present invention has been
'described herein by reference to particular means, methods and
materials, the scope of the present invention is not limited
thereby and extends to any and all other means, methods and
materials suitable for practi'ce of the present invention.
Therefore, although the present invention has been described
with reference to particular means, materials and embodiments,
from the foregoing descriptidn one skilled in the art can
easily ascertain the essential characteristics of the present
invention, and various changes and modifications may be made
to various usages and conditions, without departing from the

' spirit and scope of the invention as described in the claims

that follow. e
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In thi-s Exanpl e, an aqueous solution of 0.6 w % chloram ne-T/99.4 wt %
water, and 0.7 wt% chle-——ram ne-8/99.3 wt% water were used to extract

et hyl nert
hydrocarb
conposi tion.'

di et hyl sulflde "ﬂL"ethyl met hyl sulfide (EMS), diethyl sulfide (DES),

di nret hyl disulfide (DVDS) from a nunber of

entified below in Table 1 as "hydrocarbon phase
The chl oram ne sol ution and hydrocarbon stream were placed in

a sealed bottle and mixed with a stirrepgat 21[err]C and at nospheric
pressure for 21 hours. The separation of N hal ogeno conpounds and
hydr ocar bons was easily achi eved i nasnuch as the two .

claims:

1. A process for the removal of organcsulfur compcunds
¢rom a liquid hydrocarbon stream containing organosulfur
compounds, said process comprising:

exposing a liquid hydrocarbon stream comprising an
organosulfur compound to a material comprising a N-halogeno
compound under conditions and time effective to permit said
organosul fur compound to react with said N-halogeno compounds
to result in a resultant liquid hydrocarbon stream which is
substantially devoid of sulfur.

2. The process as defined by claim 1, wherein said
resultant liquid hydrocarbon stream contains less than about
0.2 ppm sulfur. o '

3. The process as defined by claim 1, wherein said
exposing is accomplished by a technique selected from the
group consisting of a 1liquid-liquid reactive extraction
process, and a reactive adsorption process.

4. The process as defined by claim 3, wherein said N-

'halogeno compounds are selected from the group of halogen-

compounds having a general formula selected fronm the following
group of formulae:

(I) R,SONXM

wherein R, is a member selected from the group consisting of
Ph, PhCH,, Pp-CH;CH,, p-CIlCH,, p-BrCH,, Pp-NO,CH, p-
CHyCONHC,H,, P~NH,C,K,, p-PhN=NC,H,, 2-Thienyl, and (CHy),(CH,),,
where @ and n are integers equal to or greater than zero; X
is a radical selected from the group consisting of chlorine,
bromine, and iodine radicals; and M is a radical selected from
the group consisting of hydrogen, 1lithium, sodium, and
potassium radicals;

(II) R,CONXM

wherein Rz is a member selected from the group cons‘stxng of

_—
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solutions were immscible, nerely by stopping the stirrer. After the
extra ydrocarbon phase was sanpled for sul fur analysis.
The r @ ﬂ";ﬂm!om ed below in Table 1. Table 1 Reactive Extraction

Hyd*rocarr hase osition Extracti on Phase Conposition W. Ratio
Sulfur in Hydrocarbon after Extraction 85% (Jerr]
99. 4% Wt er ' 69:1 < 1 ppm

=21-

cH,Cl, CHCl,, CHBr,, NH,, Ph, p-CHOCH,, (CHy),(CHp),, and
(CHs) o (CH,) 0, wherein m 2nd n are integers aqual to cr greater
than zero; X is a radical selected from the group consisting
of thorine, bromine, and idozine radicals; and ¥ is a radical
selected from the group consisting of hydrogen, lithium,
sodium, and potassium radicals. '

(III) R‘N=C/mm

: -~'Rs
wherein R; is a member selected from the group consisting of
CH; and Ph; and wherein R, is a member selected from the group -
consisting of H, NH,, N(CHy),, (CH,);, Ph, PhCl,, P-CH,CH,, o-
CH,C,H,, P-ClCH,, o-ClCH,, and 2-Pyridyl; X is a radical
selected from the group consisting of chlorine, bromine, and
iodine radicals; and M is a radical selected from the group
consisting of hydrogen, lithium, sodium, and potassium
radicals;

(IV) C.H,O,NX
wherein X is a radical selected from the group consisting of
chlorine, bromine, and iodine radicals. |

5. The process as defined by claim 4, wherein the liquid
of the reactive extraction process is an aqueous liquid.

6. The process as defined by claim 5, wherein said
material comprising N-halogeno compounds is an équeous
solution of water-soluble N-halogeno compounds.

7. The process as defined by claim 6, wherein said N-
halogeno compounds are selected from the group consisting of
N-halogeno-N-metalloarylsulfonamidates and N-halogéeno-N-
metalloalkylsulfonamidates.

8. The process as defined by claim 4, wherein said
reactive adsorption process comprises injecting a
stoichiometric amount of N-halogeno compounds into said
hydrocarbon stream, and then passing said hydrocarbon stream

e rront
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15%

. 0.6%)CT 65: 1 < 1 ppm
j h‘E . : _ 99. 3% WAt er 15% But adl ene

pm DM5 85%
-ggqmlumuluwchu <3 om 2 o O el

0. 6% CT 75: 1
< | ppm*

22-

containing said N-halogeno ccmpounds through an adsorbent

column to adsorb N-halogeno-sulfur compounds and unreacted N-

halogeno compounds. _
9. The process as defined by claim 8, wherein said

adsorbent is selected from the group consisting of activated
carbon, clay, alumina, silica gel, and molecular sieve
material.

10.  The process as defined by claim 4, wherein said
material comprising N-halogeno compounds is an adsorbent which
. has been pre-loaded with said N-halogeno compounds.

11. The process as defined by claim 10, wherein said
adsorbent pre-loaded with said N-halogeno compounds is
provided by saturating a porous support with said N-halogeno
compounds to result in a N-halogeno compound-locaded adsorbent;
and then supplying said N-halogeno compound-loaded adsorbent
in a fixed-bed column; and subsequently passing said
hydrocarbon stream comprising an organosulfur compound through
said fixed-bed column containing said N-halogeno compound-
loaded adsorbent. '

12. The process as defined by claim 11, wherein said
adsorbent and said porous support is a material selected from
a group consisting of activated carbon, clay, alumina, silica
gel and molecular sieve material.

13. The process as defined by claim 12, wherein said
molecular sieve material is selected from the group of highly
crystalline molecular sieve materials having a pore size
within the range of more than 5 Angstrom units to about 15
Angstrom units. T

14. The process as defined by claim 13, wherein said
‘zeolites are selected from the group consisting of zeolite X,
Y, beta, and mordenite.

15. The process as defined by claim 14, wherein said
zeolites are selected from the group of cation-exchanged

-
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25 ppm EMS 85% ([ err] _ 99. 4% Wat er 15% But adl ene

0.6wWCT__———— 5571 : . < 1ppm 25 ppm DES 85% ([ err
99. 4% Water 15% 0.6% CT a ! 15:1
< Ippm 25“ im ﬂn“\ : a
- 23 - |
zeolites.

16. The process as defined by claim 15, wherein the
cations in said cation-exchanged zeolites are selected from
the group consisting of alkali metals and alkaline earth
metals. ' _ ,

'17. ‘The process as defined by claim 3, wherein said
hydrocarbon stream comprises hydrocarbons selected from the
group consisting of aromatics', paraffiné and olefins.

18. The process as defined by claim 17, wherein said

" olefinic compounds are selected from the group consisting of
mono-olefins, polyolefins, linear olefins, branched olefins,
alpha olefins, and internal olefins. .

19.  The process as defined by claim 18, wherein said
conditions comprise temperatures within the range of about
10°C to about 100°C, and pressures within the range of about
ambient to about 500 psi.

20. The process as defined by claim 19, wherein said
temperat;ures are within the range of ambient temperatures of
20°% to about 50°C. |

21. A hydrocarbon stream having a reduced amount of
organosulfur compounds pfod'uced by the process of claim 1.
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85% C[err] | . 99 4%V\ater 15% But adl ene

0.6% CT 67:1 - 1ppm 25: ppm Et SH 40% But ane

99. 4% Wat er 60% But enes ' _ 0.6% CT , 52:1
< 1ppm 15 ppm DMS 13 ppm ETSH '
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ABSTRACT

REMOVAL OF SULFUR CONTAMINANTS FROM HYDROCARBONS
USING N-HALOGENO COMPOUNDS

The present invention is directed to a process for
removal of sulfur contaminants £rom hydrocarbons using
processes which rely upon the 'reaction of organosulfur
- compounds with N-halogeno compounds. The sulfur removal may
be effected by using lliquid/_liquid ‘extraction processes or
one of two reactive 'adsorption processes involving
injection a stoichimetric amount of N-halogeno compounds
into hydrocarbon and then passing the stream through an
adsorbent column to adsorb the N-halogeno -sulfur compounds
and any unreacted N-haloge.o compounds; or using adsorbents
which are pre-loaded with N-halogeno compounds which are

‘placed in a fixed-bed column for sulfur removal.

FIGURE 1.
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In view of the f or egoi ng,

It appears that N—halogeno conpounds. coul d reduce

sul fur concentrations to below 1 pp'm even when but adi ene is present.
Exanpl e 2 Reactive Adsorption Process Experi nents were conducted to show

t he ‘ef fecti veness of reactive adsorption.

conducted as foll ows:

Experinment A was a reference test
a feed solution of 10 ppm DVS, 15 wt%lsobutyl ene,

and 85 wt % n- heptane was punped through a 57[err]c

WATER/ N-HALOGENO
COMPCUND

- SULFUR-FREE

- HYDROCARBONS

SPENT WATER <4+———

HYDROCARBON
FEED _

F1G .1 COUNTER-CURRENT REACTIVE EXTRACTION
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stai nl ess steel columm packed with sodium X-Zeollte at 20[err]C, 2.07 MrPag
(300 fsls;n)aeta-laésée ﬂ;ildcelclourl y Space Velocity (LHSV). The colum effl uent

vvas ana ne DVS break- through and the adsorption capacity of
Na- X Ze

-2 -
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I n Experl rrergﬁ eﬁ_lagrgieﬁlRe a&ddoi chi onetric anount of 37 ppm chl oram ne-T and

35 ppmc & dded to the feed solutions, respectively. In

ot her respe “M\Mg‘tl ncl udi ng the test condltlons was unchanged.
Experl ment s onpared to Experinment A (the control) for the

ef fecti veness of N-hal ogeno conmpounds in the renoval of sulfur contam nants
from hydrocarbon streans. The feed comosj tions and the test results are

tabul ated below in Table 2. Table 2
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Reactive Adsorption | Feed Conposition Na- X Capacity 85% Clerr] 15%
| soput yl ene 0.15% 10 ppm DVS 85% err] 15% | sobut yl ene
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10 ppm OVB > 0.72% 37" ppm—ﬁF"ﬂ:@@ ppm V\ﬁt er 85% q err Wl—fﬂv}‘ .
Isobutyl ene 10 ppm DVS g 20,428 _ 3 AEPLACENENT SHEET

REMOVAL OF SULFUR CONTAW’NA._
Description "

1. Field of the Invention

p—

The present invention relates to the ramoval of sulfur compounds from straams. More particuiarly, the
prosent invention relates to the removal of organosulfur compounds, such as mercaptans, sulfides and
disulfides, from.liquid hydrocarbon streams. Specifically, the present invention is directed to the removal of
organosulfur compounds from hydrocarbons by reactive extraction, as well as removing organosuifur
compounds from hydrocarbon streams by reactive adsorption. '

2. Discussion of Background and Material Information

The removal of sulfur compounds and particularly chemically-combined suifur, such as organosulfur
compounds, from feedstreams is highly desirable for environmental concemns and in order to prevent
potential catalyst deactivation as well as equipment corrosion. '

Typically, hydrocarbon products contain various amounts of sulfur compounds in the form of, for
example, chemically-combined sulfur, such as inorganically combined sulfur and organically combined
sulfur, i.e., organosulfur compounds. '

The presence of organosulfur compounds in hydrocarbon streams results naturally, as well as ffom the
introduction of organosulfur compounds, into the hydrocarbon streams during conventional processes for
producing and treating hydrocarbon products.

As previously indicated, if chemically-combined sulfur, such as organosulfur compounds, are not
removed from the hydrocarbon streams, the presence of organasulfur compounds in the resuitant hydrocar-
bon groducts, including natural gas, paraffins, olefins and aromatics, particularly gasoline or other fueis, can
cause corrosion of processing equipment and engine parts, as well as other deleterious effects, particularly
when water is present.

U.S. Patent No. 4,283,373, FRECH et al., is directed to a method of removing sulfur compounds from a
gas stream by contacting the stream with alkali metal salts of sulfonamides. The preferred suifonamide
disclosed is chioramine-T which can be sprayed into the gas stream, or the gas can be passed through a
porous carrier impregnated with the chloramine. or through a resin with pendant substituted sulfonamide
groups.

The information disclosed by FRECH et al. as background for sulfur removal include the following

U.S. Patent No. 1,783,901 relates to removing H.S from natural gas depending upon the reacllwty of
the H.S with amino nitrogen.

U.S. Patent No. 4,035,474, KUNKEL et al., is directed to a method for removal of suifur from tail gas by
use of a cold bed absorption process which utilizes a catalyst.

U.S. Patent No. 3,756,976, URANECK et al., removes thiol odor from polymer latex through the use.of
numerous compounds that convert odoriferous sulfur compounds to non-odoriferous form, i.e., the use of
alkali metal salts of N-halogenated arylsulfonamides.

U.S. Patent No. 3,306,945, CONVISER, is directed to a process for purifying liquid unsaturated
hydrocarbons by removing impurities using molecular sieve materials. CONVISER discloses that sulfides
(R-S-R), which include dialkyl sulfides, may be adsorbed by zeolitic molecular sieves material having
sufficiently large pores to such impurities, such as the synthetic type X.

U.S. Patent No. 4,592,892, EBERLY, Jr., is directed to a process of using a sorbent catalyst to remove
suifur from naphtha. The sulfur impurities which are disclosed as being removed are mercaptans,
thiophenes, disulfides, thiosthers, hydragen sulfide, carbony! sulfide, and the like; and-the adsorbent is
disclosed as a Group VI B and/or Group Vill metal catalyst, for example. cobalt molybdate or nickel
molybdate supported on alumina,

U.S. Patent No. 3,367,862, MASON et al., is directed to a process for desulphurlzmg heavy rasidual
fractions by contacting with water in the presence of the catalyst comprising the metal, metal oxide, or
metal sulfide, distended on a charred base.

Naphthas, which are used for reforming, typically contain between 50 wppm to 500 wppm sulfur as
mercaptans, such as 2-propyl mercaptan, buty! mercaptan, and thiophene, hindered thiophenes, such as
2,5-dimethylthiophene. Accordingly, naphthas for reforming are usually treated with hydrogen over a
hydrotreating cataiyst, such as a sulfided cobalt and molybdenum on alumina support, or nickel and
molybdenum on alumina support, to protect reforming catalysts. Hydrotreating converts sulfur compounds
to hydrogen sulfide, decomposes nitrogen and oxygen compounds and saturates olefins. Hydrotreating is
done at a temperature between about 204°C and 482°C (400°F and 900°F), a pressure between 1.38
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400 ppm Water In view of the foregoing, it appears that adding N-hal ogeno
¢onpounds to hydrocarbons nore than quadrupl ed the DVS capaci tSEFSACKBENT-SHEET
zeolite. In addition, tests have been run which have generated data to :
i ndi cate that N-hal ogeno conpounds are_capabl e of renoving nercaptans,
sul fides and disulfides even from_st.r'egm'é contai ning high |evels of
ol ef i ns Mesg,ang .12 M2ag (50, peia 3= BYia)dfhiA Gou SPTP ASOGHK Peg . and S, and hydragen

circulation rate of 14.1 to 85 standard m3hr (500 3000 sct/hr). Modern hydrotreating processes can

reduce sulfur concentration in naphtha to 0.25 wppm and even to 0.1 wppm. '

U.S. Patent No. 3,898,153 is directed to purifying reformer feedstreams by passing hydrotreated
reformer feedstock through a zinc oxide bed. _

U.S. Patent No. 4,634,518 passes hydrotreated reformer feed over massive nickel catalysts.

Other treatments for purifying hydrotreated feedstock for reforming are disclosed in U.S. Patent Nos.
4,320,220; 4,225,417; 4,575,415; and 4,534,943; wherein the disclosed treatment is over manganese oxides.

A suitable manganese oxide formulation for this purpose which is commercially available is Suifur
Guard HRD-264 sold by Englehard whersin recommended treatment conditions are temperatures within the
range of 315 to 538°C (600°F to 1000°F), pressures within the range of about 1.03 to 4.83 MPag (150
psig to 700 psig), 1/1 to 30/1 hydrogen to oil molar ratio, and 500 to 50,000 ghsv.

U.S. Patent No. 4,456,527 is directed to purifying hydrotreated feed for reforming over zeclite L .-
catalysts. - '

German Patent No. 3 527 110-A, CIBAGEIGYAG, is directed to removing hydrogen sulfide from gases
by oxidation using a soiution containing anthraguinone sulphonamides and variable valency metal com-
pounds followed by reoxidation, preferably using oxygen of hydroquinone.

The process is disclosed as being useful to purify gas, town gas, waste gases, and COz rich streams
from coal combustion, wherein the impurities which may be present are identified as including certain
oxides of C, N and S, Hz, organic S compounds, and HCN.

British Patent No. 2 209 386, CIBA GEIGY AG, is directed to the removal of hydrogen sulphide from
gases or liquid hydrocarbons by washing with alkaline solution containing anthraquinone disulphonamides. it
is disclosed that hydrogen sulfide in gases is adsorbed, for subsequent removal as sulfur, by washing the
gas with an aqueous aikaline solution of one or more anthraquinone sulphonamides.

European Application No. 74 894, CIE FRANCAISE RAFFINAGE, is directed to the extraction of
hydrogen sulfide, carbon dioxide and the like, from hydrocarbon gases using sulphonamide or suiphamide
solvent. It is disclosed that undesirable gases, for example, H.S, CO2, COS, and mercaptans, are
removed from their mixtures with hydrocarbons and/or Hz by a solvent whose molecule contains at least
one group N-SO2, and preferably a sulphonamide or sulphamide.

SUMMARY OF THE PRESENT INVENTION

In general, the present invention relates to removing organosulfur compounds from liquid hydrocarbons.
Accordingly, one aspect of the invention provides a process for the removal of organosulfur compounds
from a liquid hydrocarbon siream containing organosulfur compounds, said process comprising: exposing a
liquid hydrocarbon stream comprising an organosulfur compound to a material comprising a N-halogeno_
compound under conditions and time effective to permit said organosulfur compound to react with said N-

~halogeno compounds to result in a resultant liquid hydrocarbon_stream which is substantially devoid of
Lulfur. More specifically, the present invention is based on the discovery that the effectiveness of suifur
‘#emoval from liquid hydrocarbon streams is improved by using a technique selected from the group

consisting of reactive extraction, reactive adsorption, and adsorption using adsorbents pre-loaded with N-
‘halogeno compounds. .

—4n accordance with the present invention, it has been discovered that N-halcgeno compounds are
"?Dﬂble of removing mercaptans, sulfides and disulfides, even from streams containing high levels of
Polyolefins, such as diolefins.

F°f purposes of the -present invention, the sulfur removal techniques are based on the spontaneous
'chen‘g_ca'l teactions between N-halogeno compounds such as chioramine-T or chloramine-B, and organosul-
fur compounds.

~ In one of the reactive extraction embodiments of the present invention, the sulfur compound removai
may be - accomplished using a liquidliquid process becauss it has been discovered that some of the N- -
halogeno @mpounds .and their reaction products of N-halogeno-sulfur compounds are more soluble in
water, thanin paraffins, olefins or aromatics.

In a- “particularly preferred embodiment, one can use an aqueous solution of these N-halogeno

-~ COMpOURdS 1o react with the sulfur compounds, and extract the reaction products from the hydrocarbon
phase +o the aqueous phase.

In one of the reactive adsorption processes, referrad to herain as Adsorption Process |, a stoichiometric
amount of -N-halogeno compounds may be injected into the hydrocarbon stream. Subsequently, the

resuttant Streemis passed through an adsorbent column to adsorb the N-halogenc-sulfur compounds and
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Exarrpl e 3 This exanple dermnstrat es a continuous reactive ex £ 5
process for dimet hyl -sul fide removal from a hydrocarbon stregmthMTgﬁﬁEm

olefin concentration. The stream was conposed of 15 w % i so-butyl ene, 15
Wt % but ene-1. 20 wt % but ene-2 about 40-wt % but anes, 10 wt of Clerr] and
Clerr] co ound I‘OXI matel 400 ppm wat er, and 9 ppm-di et hyl sulfide

A wat er s m chl ram nlgz Hsed s ext ralct
agent eﬁ £| f% S ses

gl ass tub ‘1 ‘#’ip Qi P s‘ﬁ'—”' 120
' &t%&&@ &&?fzﬁésa %n%ﬁge ﬂ: u?ak

psi). Wat ﬁfu o}agno adsorbents may then be
placed in convenuonal ﬁxed-bed columns for sulfur removal

Proferred adsorbents and porous supports suitable for purposes of these embodiments of the present
invention include zealites, activated carbon, clay, alumina, silicate gel and like adsorbents.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an illustration of a counter current continuous reactive extraction process for sulfur removal.

Fig. 2 is an illustration of a con-current continuous reactive extraction process for suifur removal.

Fig. 3 is an illustration of one of the adsorption processes, referred to hersin as Adsorption Process |, of
the present invention.

Fig. 4 is an illustration of ancther adsorption process in accordance with the present invention, referred
to herein as Adsorption Process .

DETAILED DESCRIPTION OF THE INVENTION

The present invention involves removing chemically-combined sulfur, such as organosulfur compounds,
from liquid hydrocarbon streams containing organosulfur compounds, by contacting the hydrocarbon stream
containing organosulfur compounds with appropriate materials containing N-halogeno compounds for a time
and under conditions sufficient for the organosulfur compounds to react with N-halogeno compounds to
produce N-halogeno-sulfur compounds as reaction products.

N-halogeno compounds suitable for purposes of the present invention include those having the
following general formulae: . )

{) RiSOzNXM

wherein R: is a member selected from the group consisting of Ph, PhCHz, p-CHaCeHs, p-CiCeHs, p-
BrCeHs, p-NO2CeHs, p-CHaCONHCeHs, p-NH2CsHs, p-PhN=NCsHs, 2-Thienyl, and (CHa)m(CHz), where
m and n are integers equal to or greater than zero; X is a radical selected from the group consisting of
chlorine, bromine, and iodine radicals; and M is a radical selected from the group consisting of hydrogen.
lithium, sodium, and potassium radicals.

@) R:CONXM

wherein R; is a member selectsd from the group consisting of CH2C1, CHClz, CHBr2, NHz, Ph, p-
CH3OCs Hs, (CH3)m(CHz)n, and (CHs)m(CH2)00, wherein m and n are integers equal to or greater than zero;
X is a radical selected from the group consisting of chiorine, bromine, and iodine radicais; and M is a
radical selected from the group consisting of hydrogen, lithium, sodium, and potassium radicals.

\R
3

(III) RyN=C

wherein R; is a member selected from the group consisting of CHs and Ph; and wherein Rs is a member
selected from the group consisting of H, NHz, N(CHs)2, Ph, PhC12, p-CH3CsHs, 0-CH3CeHs, p-C1CsHs,0-
C1CeHs, and 2-Pyridyl; X is a radical selected from the group consisting of chiorine, bromine, and iodine

radicals; and M is a radical selected from the group consisting of hydrogen, lithium, sodium, and potassium
radicals.

(V) CiH.O.NX

wherein X is a radical selected from the group consisting of chlorine, bromine, and iodine radicals.
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the tubing at a rate of 0.14 g/mn. After the tubing was cgﬁ%VKEWEW élled

W t.h *wat er/ chl orami ne-T, the hydrocarbon feed was introduced into thefﬁfT

tubing at a rate of 0.7 g/mn. through a nozzle located in the bottom of

the tubing. The flow | eaving the top of the tubing was sent to a separator
where feed and water/chloram ne-T wer g _separated by phase separation. The
contact tinme inside the glass tubing was on the order of 5 to 10 seconds.

Sanpl es taken fromthe treated hydrocarbon showed a DMS concentration of

| ess than Ogrefrad fol Inactiys eiteactiapchrevismeli AusorptionfRspcepnk 9o Adsorption Fracesy L -

i NVent i ONpaidger®. compduhdscwiichoare ater soivbleiut ot sejufllef irorganic solvents, such as those salected
from the group consisting of N-halogeno-N-metalloaryl sulfonamidates and N-halogenc-!\l-metalloal-kyl
sulfonamidates, i.e.. chioramine-T and chioramine B, which are more preferred for use with mS9mon
process . and most preferred for use with reactive extraction processes. N-halogeno compounds which are
soluble in organic solvents, such as N-chlorosuccinimide, are preferred for purposes of adsaorption process
I

Other N-halogeno compounds suitable for purposes of the present invention are N-halogeno com-
pounds derived from a member selected from the group consisting of amides, amidines, guanidines, urea,
urethane, and succinimide, i.e., N-halogeno-N-metallocarbamates, and N-chlorosuccinimide.

The present invention is also directed to remaving organosulfur compounds from a hydrocarbon stream
containing olefinic compounds, paraffins, and aromatics and organosulfur compounds by contacting the
hydrocarbon stream with a suitable adsorbent for removing N-halogeno sulfur compounds for a time and
under conditions suitable for permitting the reaction of organcsulfur compounds and N-halogeno com-
pounds to occur.

in one embodiment, the removal may be accomplished using a liquidfliquid extraction process due to
the fact that some N-halogeno compounds and the reaction products of N-halogeno-sulfur compounds are
more soluble in water than in paraffins, olefins or aromatics. _

in another embodiment, a stoichiometric amount of N-halogeno compounds is injected into the
hydrocarbon stream and the resuitant stream is passed through an adsorbent column to adsqrb the N-
halogenc-sulfur compounds and any unreacted N-halogeno compounds.

in yet another preferred embodiment, the sulfur removal is accomplished using adsorbents which are
prelcaded with N-halogeno compounds. In this embodiment, the adsorbents are prepared by saturating
porous supports, such as activated carbon and zeoclites, with N-halogeno compounds and placing the N-
halogeno compound-loaded adsorbents in conventional fixed-bed columns for sulfur removal.

As indicated above, adsorbents or porous supports, suitable for purposes of the present invention,
include zeolites, activated carbons, clay, alumina, silica gel and other molecular sieves. N

For purposes of the present invention, molecular sieves having an effective pore size of from more than
about 5 Angstrom units to about 15 Angstrom units are suitable; however, molecular sieves having an
effective pore size within the range of about 7 Angstrom units to about 10 Angstrom units are preferred, -
with molecular sieves having an effective pore size within the range of about 10 Angstrom units being more
preferred. _ ) : . .

The zeolite preferred for purposes of the present invention has a pore size within the range of about
more than 5 Angstrom units to about 15 Angstrom units, and may be in the form of crushed or beaded
particles. For purposes of the present invention include zeclite X, Y, beta and mordenite are the more
preferred zeolites. However, zeclite X, i.e., sodium X zeolite, is the most preferred zeclite. Zeclite X
molecular sieves are described in U.S. Patent No. 2,883,244, a specific example which is disclosed in U.S.
Patent No. 3,862,900, the disclosures of which are hereby incorporated by reference herein thereto.

Properties of zeolites suitable for this application are described, for example, in "Zeoclits Molecular
Sieves” by D.W. Breck, R.E. Krieger Publishing Co., 1984. The zeclites are commercially available from
UOP Inc. Properties of some zeolites are listed below:

Zeolite X
Average composition:
NetO « Aiz0s « 25810, - 6Hz0
Pore Piarnefey:
-104
Reference:

RUM. Milton, U.S. Pat. No. 2,882,244 (1959)
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contam nants from hydrocar bons usi ng N- hal ogeno conpounds @@e@g%w SHEET
f eacti ve extraction process, and two reactive adsorption pr NF

preferred reactive extraction process is acconplished using liquid/liquid
extraction techniques. In accordance with the present invention, it has
been di scovered that some N-hal ogerosconpounds, e.g., those identified
herein, and the reaction products of these N hal ogeno conpounds and sul fur
conpoundsZeaitte Y7or e sol uble in water, than in paraffins, olefins or
aromatics. Thus, in the liquid/liquid reactive extraction processes, an
aqueous shveagé campoditiod hal ogeno conpounds is prepared and pernmitted to react

with the sul fur
Naz0 « AhO3 « 4.8Si0; - 8.9H,0

Pore Diameter;
-10A
“Reference:
D.W. Breck, U.S. Pat. No. 3,130,007 (1964)

Zoollte Mordenite

Average composition:

Na20 « AlhO; « 9-10Si02 « 6H20

Pore Diameter:
~7A
Reference:

R.M. Milton, U.S. Pat. No. 2,882,244 (1959)

Alumina suitable for purposes of the present invention. may be selected from oonvenﬂonal alumina
adsorbents which have appropriate high adsorptive power, a high surface area, suitable hardness, resis-
tance to crumbling during handling and use, suitable size and granular form. A representative example of
alumina suitable for purposes of the present invention is disclosed in U.S. Patent No. 3,864,243, the
disclosure of which is here by incorporated by reference herein thereto. The following descnption relates to
alumina suitable for purposes of the present invention.

Kaiser Activated Alumina A-201 (neutral)

8x 14 mesh spheres with a high surface area (325 m/gm)

Typical analysis (dry basis) | 93.25% A120s
0.35% Naz0
0.02% Fe20;
0.02% Si0;

The liquid hydrocarbon stream including the organosulfur compounds treated iri_ accordance with the
present invention preferably includes paraffins, aromatics and olefin compounds. The olefinic compounds
present in the hydrocarbon stream are selected from the group consisting of mono-olefins, polyolefins,
linear olefins, branched olefins, alpha olefins and internal olefins. The hydrocarbon stream treated in
accordance with the present invention may aiso include hydrocarbons selected from the group consisting of .
aromatics and paraffins as well as olefins. The aromatic compounds present in the hydrocarbon stream
which may be removed in accordance with the present invention, are selected from the group consisting of_
benzene, toluene, and xylene isomers and mixtures thereof.

The paraffins which may be present in the hydrocarbon stream may be selected from the grouP*
consisting of linear paraffins and branched paraffins, and mixtures thereof.

The organosulfur compounds removed from the hydrocarbon stream in accordance with the presc’ﬂt

invention are selected from the group consisting hydrogen sulfide, mercaptans, sulfides, and disulfides, and
mixtures thereof.
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conpounds upon exposure to the sul fur conpounds which are ,pre&ﬂACmEn?SHE
hydr ocar bon stream and the reaction products are then extracted fromthe ET

hydr ocar bon phase to the aqueous phase using one of these -9- reactive
extraction techniques.

-6 -

In certain applications, he gresent inventicn has been founa to be particularly useful in eiiminating
d¥atkyl sufices. such as dimethyl suifige, from hydrccarbon streams which would otherwise have a
deleterious effect in @ reaction prccess. for example, mn the deactivation of catalytic matanais used, for
example, in catalytic distillation reaction zones. :

' In accordanca with the present invention, the resultant liquid hydrccarbon streaam contains less _'th_arl
about 2 pom suifur and preferably less than about 0.2 ppm suifur. Most preferably, the resuitant

fydrocarcon stream is substantially devoid of suifur. _
The prcce'ss of the present invention is performed under conditions inciuding temperatures within the
range of about 10°C to about 100 *C and pressures within the range of about ambient to about 3.45 MPa
(500 psi); preferably the temperatures are within the range of ambient temperaturss of 20 C to about 50 *C.
The present invention is particularly suitable for removing organosulfur compounds from hydrocartons
containing olefinic compounds. o .
As previously discussed, the present invention is diracted to the removal of organically-comtined sulfur,
i.e. ,organosuifur compounds, from hydrocarbon streams containing organosulifur comgounds by subjecting
the hydrccarbon stream to appropriate adsorbent materials for a time and under suitable conditions. For
example, . ‘n accordance with the present invention, a C+ stream from steam crackers or catalytic crackers
for the manufacture of methyl tertiary buty! ether (MTBE), which may contain 15 wt.% isobutylene, 15 wt.%
butene-i. 20 wt.% butene-2, 40 wt.% butane, 10 wt% of C; and Cs, about 400 ppm water, and
sporoximately 1 - 4 ppm of dimethyl sulfide, is introduced into a water wash column where a counter-

current flow of an aqueous solution of suitable N-halogeno compound, such as chioramine-T or chloramine-
B, Is present. The temperature for this procedure may be within the range of from ambient to 70°C with
ambient to 50°C being more preferred. The pressure may range from 0.345 to 3.45 MPa (50 to 500 psi),

~ with 1.03 to 2.07 MPa (150 to 300 psi) being more preferred. The flow rate for the C. may be from Q.1 to
10 LHSV (Liquid Hourly Space Velocity), with 1 to 3 LHSV being more preferred. The flow rate for water
may range from 0.01 to 10 LHSV with 0.02 to 0.8 being more preferred.,

Referring to Fig. 1, a counter-current continuous reactive extraction process for sulfur removal in
‘secordance with the present invention is shown. An aquecus solution of a suitable N-halogeno compound is
!I'Itfoduced into the extraction tower 1 at the top and flows downwardly. The hydrocarbon feed is intraduced

at-the « bottom of the extraction tower or column, and flows upwardly. The extraction column 1 is preferably

equipped with proper trays or packing (not shown) to improve mixing efficiency. Sulfur-free hydrocarbons

are withdrawn from the top of the column 1 and spent water containing untreated N-halogeno compound
and e reaction product of N-halogeno and sulfur is removed from the bottom of the column. -

Referring to Fig. 2, a con-current continuous reactive extraction process for sulfur removal in accor-
dance with the present invention is shown. An aqueous solution and hydrocarbon feed are introduced into
“the same transfer line 2. At least one but preferably a plurality of in-fine mixing devices 3, such as orifices

..or $tatic mixers, are installed further downstream to provide the necessary mixing. The flows are then sent
to a 3%8parator 4 where sulfur-free hydrocarbons are separated from spent water by phase separation.
3 Referring to Fig. 3, an Adsorption Process |, in accordance with the present invention, is shown. A
suitable N-halogenc compound is introduced into the hydrocarbon feed. At least one but preferably a
: plurality of mixing devices 5 are installed downstream of the introduction to provide the necessary mixing.
The '_ltream is then sent to an adsorption column 6 with appropriate adsorbent packing 7, in which the
reaction product of the N-halogeno compound and sulfur, as well as unreacted N-halogeno compound, are
adsorbed by the column. The hydrocarbons leaving the column will be substantially sulfur-free.

Referring to Fig. 4, an Adsorption Procass I, in accordance with the present invention is shown. In this -

process, the adsorbents used to effect sulfur removal are preloaded with N-halogeno compounds. Thess

adsorbents are prepared by saturating porous supports, such as activated carbons and zeolites, with an

aqueous solution of N-halogeno compounds. The N-halogeno compound-loaded adsorbent is then placed

as packing 10in a fixed bed column 9. A hydrocarbon stream is then pumped via pump 8 upwardly through

- colum 9 with adsorbents which are pre-loaded with N-halogeno compounds as packing 10 for sulfur
removal . The hydrocarbons leaving the column will be substantiaily suifur-free.

. The Present invention has been found to be particularly useful in removing organosulfur compounds

presentin the hydracarbon stream in relatively small amounts.” * ~ "
EXAWPLES

The following non-iimiting examples are given by way of illustration of the present invention.
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As an alternative, however, a reactive adsorption process, hereinafter

desi ghat ed as Adsorption Process | or.Adsorption Process |1 EMCEME gﬂ o
The Adsorption Process | involves injecting a stoichi-onetric anount ’g? EET
N- hal ogeno conpounds into the hydrocarbon stream containing the sul fur
contam nants. and passi ng the hydrocarbon streamthrough an adsor bent
colum to adsorb the N-hal ogeno-sul fur conpaunds and any unreacted

N- hal ogeno om)ounds. In the Adsorption Process Il, sulfur renoval is
acconpl i%—usi ng adsorbents which are pre-loaded with N hal ogeno

ggg};grtn%%mw%%smenbodi ment, adsorbents are prepared by saturating pore

In this Example, an aqueous solution of 0.6 wt% chioramine-T/99.4 wt% water, and 0.7 wt% chlo-
ramine-8/99.3 wt% water were used to extract dimethy! sulfide (DMS), ethyl methy! sulfide (EMS), disthyl
sulfide (DES), athyi mercaptan (ETSH), or dimethyl disulfide (DMDS) from a number of hydrocarbon
streams, as identified below in Table 1 as "hydrocarbon phase composition.”

The chloramine solution and hydrocarbon stream were placed in a sealed bottle and mixed with a stirrer
at 21+ C and atmospheric pressure for 21 hours.

The separation of N-halogeno compounds and hydrocarbons was sasily achieved inasmuch as the two

solutions were immiscible. merely by stopping the stirrer. After the extraction, the upper hydrocarbon phase
was sampled for sulfur analysis. The resuits are presented below in Table 1.

Table 1
Reactive Extraction
Hydrocarbon Phase Composition | Extraction Phase Composition | Wt Ratio | Sulfur in Hydrocarbon
after Extraction
85% C; 99.4% Water 89:1 <1 ppm
15% Butadiene . 0.6% CT - 651 < 1ppm
25 ppm DMS
85% C7 99.3% Water
15% Butadiene . 0.7% CB . 65:1 <1ppm
25 ppm DMS _
85% C, _ 99.4% Water
15% Butadiene _ 0.6% CT 75:1 < 1ppm
25 ppm EMS
85% C; 99.4% Water
15% Butadiene 0.8% CT §5:1 < 1ppm
25 ppm DES
85% Gy 99.4% Water
15% Butadiene 068% CT 15:1 < 1ppm
25 ppm OMDS '
85% Cy 99.4% Water
15% Butadiene 0.6% CT 67:1 < 1ppm
25 ppm EtSH :
40% Butane 99.4% Water
60% Butenes 06% CT 52:1 < tppm
15 ppm DMS
13 ppm ETSH

In view of the foregoing, it appears that N-halogeno compounds could reduce sulfur concentrations to
below 1 ppm even when butadiene is present.

Example 2

Reactive Adsorption Process

Experiments were conductsd to show the sffectiveness of reactive adsorption.
Experiment A was a reference test conducted as follows:
a feed solution of 10 ppm DMS, 15 wt% isobutylens, and 85 wt% n-heptane was pumped through a 5 ¢C
stainless steel column packed with sodium X-Zeolite at 20°C, 2.07 MPag (300 psig) and 2 Liquid Houdy
Space Velocity (LHSV). The column effluent was analyzed to determine DMS break-through and the
adsorption capacity of Na-X Zeolite. ST
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such as activated carbon and zeol i tes with N-hal ogeno corrpounﬂfP!ﬁ ENT SHE
N- hal ogeno- | oaded adsorbent is then placed in a fixed-bed for sulfur ET
renoval and the hydrocarbon stream containing sul fur contam nants is passed
t her et hr ough. - 10 - -8 -

in Experiments B and C, a stoichiometric amount of 37 ppm chloramine-T and 35 ppm chioramine-B
were added to the feed solutions, respectively. in ather respects, the test, including the test conditions, was
unchanged. '

Experiments 8 and C were compared to Experiment A (the control) for the effectiveness of N-halogeno
compounds in the remaval of suifur contaminants from hydrocarbon streams.

The feed compasitions and the test resuits are tabulated below in Table 2.

Table 2

Reactive Adsarption |
Feed Composition Na-X Capacity

85% Cr
15% Isobutylene 0.15%
10 ppm DMS
85% C;

15% lsobutylene
10 ppm DMS > 0.72%
37ppm CT

400 ppm Water
85% C;

15% Iscbutylene
10 ppm DMS > 0.72%
35 ppm C8 '
400 ppm Water

3
v

In view of the foregoing, it appears that adding N-halogeno compounds to hydrocarbons more than
quadrupled the DMS capacity of Na-X zeolite. '

In addition, tests have been run which have generated data to indicate that N-halogeno compounds are
capable of removing mercaptans, sulfides and disulfides even from streams containing high leveis of
olefins. :

For this pufpose. the following examples were run:

Example 3

This example demonstrates a continuous reactive extraction process for dimethyl-sulfide removal from a
hydrocarbon stream with high olefin concentration. The stream was composed of 15 wt% iso-butylene, 15
wt% butene-l, 20 wt% butene-2, about 40 wt% butanes, 10 wt of C3 and Cs compounds, approximatoly 400
PPm water, and 9 ppm dimethy! sulfide. A water salutien containing 1000 ppm chioramine-T was used as
extraction agent. The extraction was conducted inside a 0.63 X 7.62 cm (1/4" x 3") glass tubing in a vertical
position at ambient temperature and 827 kPa (120 psi). Water/chloramine-T was pumped into the bottom of
the tubing at a rate of 0.14 g/min. After the tubing was completely filled with water/chloramine-T, the
hydrocarbon feed was introduced into the tubing at a rate of 0.7 g/min. through a nozzle located in the
bottom of the tubing. The flow leaving the top of the tubing was sent to a separator where feed and
water/chloramine-T were separated by phase separation. The contact time inside the glass tubing was on
the order of 5 to 10 seconds. Samples taken from the treated hydrocarbon showed a DMS concentration of
less than 0.2 ppm.

The preferred embodiments for purposes of the prasent invention, i.e., effecting the removal of suifur
Contaminants from hydrocarbons using N-halogeno compounds include a reactive extraction process, and
two reactive adsorption processes.

The preferred reactive extraction process is accomplished using liquidfliquid extraction techniques. In
accordance with the present invention, it has been discovered that some N-halogeno compounds, e.g.,
those identified herein, and the reaction products of these N-halogeno compounds and sulfur compounds
2re more soluble in water, than in paraffing, olefins or aromatics. Thus, in the liquidiiquid reactive extraction
Processes, an aquecus solution of N-halogeno compounds is prepared and permitted to react with the sulfur
compounds upon exposure to the suifur compounds which are present in the hydrocarbon stream and the
reaction products are then extracted from the hydrocarbon phase to the aqueous phase using one of these
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Claims 1. A process for the renoval of organosul fur conpoun E%’L% a liquid
hydr ocar bon stream cont ai ni ng organosul fur conpounds, said EMENT SHEET
conpri sing: exposing the |iquid hydrocarbon streamto a N hal ogeno conpound
under conditions and tinme effective to permit said organosul fur conpound to
react with said N hal ogeno conpounds to result in a resultant liquid

hydr ocarbon stream which is substantigldy devoid of sulfur. 2 The process
of claim 1, wherein said N hal ogeno conpounds are sel ected fromthe group
of hal ogemastive extraction techniques. - .

As an alternative, howevar, a reactive adsorption process, hereinafter dasignatad as Adsorption Process
| or Adsorption Process I, may be used.

The Adsorption Procass | involves injecting a stoichiometric amount of N-halogeno compounds into the
hydrocarbon stream containing the sulfur contaminants, and passing the hydrocarbon stream through an
adsorbent column to adsorb the N-halogeno-sulfur compounds and any unreacted N-halogeno compounds.

In the Adsorption Procaess Il, sulfur removal is accomplished using adsorbents which are pre-loaded
with N-halogeno compounds. In this embediment, adsarbents are prepared by saturating pora supports,
such as activated carbon and zeclites with N-halogeno compounds. The N-halogeno-icaded adsorbent is
then placed in a fixed-bed for suifur removal and the hydrocarbon stream containing suifur contaminants is
passed therathrough.
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conpounds haV| n or mul a selected fromthe follow

f or mul ae: gﬁ m&‘ NXM wherein R err] is a nenber ?%@%W%EET

the group- c Ph* PhCH[err] p- CH[err]C[err]H[err],

pCiC[err]H[érr p- Br(err]Herr], -NJerr]err]Herr],

p-CH err] CO\IH[err] Cerr]Herr], p- NH[err] Cerr]Herr], p-PhN=NC[err]Herr],

2- Thi enya and (CH[err])[err](CH[err‘H"[err] wher e mand n are integers

equal to 3 greater than zero; X is a radical selcted fromthe group

CoNsi St i {19 A0brokaldd R itidCrombVaPL a)fmsataﬁ chEAE # 2GR nyEBdrh sfoalh CcAR

sel ect ed f loRiahdsifir SnfPdbhat, 30a b g,gga,,qgm,nétd'r ogen, thium sodium and

pot assi Um r adigedidy the liquid hydrocarbon stream to a N-halogeno compound under conditions and time
effective to permit said organosuifur compound to react with said N-halogeno compounds to result in a
resultant liquid hydrocarbon stream which is substantially devaid of sulfur.

.2 The process of claim 1, wherein said N-halogeno compounds are selectad from the group of halogeno-
compounds having a general formula salected from the following group of formulae:

M  RiSO:NXM

wherein R; is 2 member selected from the group consisting of Ph, PhCHz, p-CHaCeHe, p~CICsHs, p-
BrCeHe, p~NOzCcHe, p-CH3CONHCeH:, p-NH2CoHs, p-PhN =NCeHs, 2-Thienyl, and (CHz)m(CHz)n.
.whera m and 1t are integers equal to or graater than zero: X is a radical selected from the group
consisting of chiorine, bromine, and icdine radicals; and M is a radical selected from the group
consisting of hydrogen, lithium, sodium, and potassium radicals;

() RCONXM

wherein Rz is a membaer sslacted fram the group consisting of CHzCl, CHCl:, CHBrz, NHa, Ph, p-
CHyOG Hs, (CHa)m(CHa)p and (CHy)(CHa)aO. wherein m and n are integers equal o or greater than
2ero; X is a radical selected from the group consisting of chiorine, bromine, and iodine radicais; and M
is a radical selected from the group consisting of hydrogen, lithium, sodium, and potassium radicals;

| N
RN= c<

R3
(ILII)

wherein Ry is a member salected fram the group consisting of CHz and Ph; and wherein R is a
member selected from the group consisting of H, NHz, N(CHs )2, Ph, PhClz, p-CHaCsHa, 0-CH3CsHs, p-
CliCeHa .0-CICcHa, and 2-Pyridyl: X is a radical selectad from the group consisting of chiarine, bromine,
and iedine radicals; and M is a radical selected from the group consisting of hydrogen, lithium, sodium,
and potassium radicals;

(V)  CoeMaO2NX
whaerain X is a radical selected from the group consisting of chlorine, bromine, and icdine radicals.

The process of claim 1 or claim 2, wherein said exposing is accomplished by liquid-liquid reactive
extraction procass or a reactive adsorption process.

Thae pracass af any of the pracading claims wherein said material comprising a .3 N-halogeno compound
is an aquecus solution of a water-scluble N-halegeno compeund.

isn

The procass of any of the prec ading claims wherein the reactive adsarption procaess comprisas
injecting a stoichiometric amaunt of N-halogeno compound into the hydrocarbion stream, and then
passing the hydrocarbon stream containing the N-halogeno compound through an adsorhent column to
adsorb N-halogeno-sulfur compounds and unreacted N-halcgenoe compound.

i

The process of claim S, whersin the adsorbent comgrises activatad carbon, clay, alumina, silica gel, or
molecular sieve material,

This is the replacement sheet

Date: 2 8 SEP 1%



i) R er+}-cohbM-wherei-n—Rerr] is a nmenber selected fromt hﬁEﬁE&ﬁl]E‘NT SHEET

consisting . [err], CHBr, NHerr], Ph. p-
CH[err.]Cﬁeiﬁllﬁh‘iﬂj“ﬂmﬂ)[err](CH[err])[err], and
(CHerr])[ert ser 1’0 wherein mand n are integers equal to or

greater than zero: X is a radical selected fromthe group consisting of
chloriné, brom ne, and iodine radi c_allﬁ;_and Mis a radical selected from
the group consisting of hydrogen, Iifhium sodium and potassiumradicals;
[err] wherein Rlerr] is a nmenber selected fromthe group consisting of

CH err] and Ph; and wherein Rerr] is a

7. The:process of claim 6, wherein the molecular siave material is selected from the group of highly
crystalline molecular sieve materials having a pore size within the range of more than 5 Angstrom units
to 15 Angstrom units.

8. The process of claim 8 or claim 7, wherein the molecular sieve material comprises a zeolits selected
from the group consisting of zeclite X, Y, beta, and mordenite.

9. The procass of claim 8, wherein the zeolite is a cation-exchanged zeciite.

10. The use of a N-halogené compound for the removal of organcsuifur compounds from quuid hydrocar-
bon streams. :
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.;i;:';

menber sel ected fromthe gr oup con!5| strig of H NHerr], Cl-lh E'L/B err
Ph. Phd [err], p- CH[err]C[err]H[erri] “0- CH[err]C[err]H[err] g N SHEET
CIC[er'r.]H[err] o-Cderr]Herr]. and 2-Pyridyl: X is a radi cal selected
fromthe group consisting of chlorine, bromne. and iodine radicals; and M
Is a radical selected fromthe group consisting of hydrogen, |ithium
sodium and potassiumradicals; (IV) err]H[err]CIerr]NX wherein X is a
radi cal selected fromthe group con5|s¥| ng of chlorine, brom ne, and iodine
radi cals. 3. The process of claim1 or claim2, wherein said exposing is

acconpl i shed by Ii qui d-l iquid reactﬂgTRACT

REMOVAL OF SULFUR CONTAMINANTS FROM HYDROCARBONS
USING N-HALOGENO COMPOUNDS

The present invention is directed to a process for
removal of sulfur contaminants £from hydrocarbons using
proceéses which rely upon the reaction of organosulfur
compounds with N-halogeno compounds. The sulfur removal may
be effected by using liquid/liquid extraction processes or
one of two reactive adsorption processes involving
injection a stoichimetric amount of N-halogeno compounds
into hydrdcarbon and then passing the stream through an
adsorbent column to adsorb the N-halogeno-sulfur compounds
and any unreacted N-haloge.o compounds; or using adsorbents
which are pre-loaded with N-halogeno compounds which are
placed in a fixed-bed column for sulfur removal.

FIGURE 1.
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extraction process or a reactive adsorptlbn process 4. The process of any

of the preceding clainms wherein said; paterral conprising a N-WEFWQQBMENT HEET
conpound i s an aqueous solution of a ‘“wat er - sol ubl e N- hal ogeno conpound §
The process of any of the preceding clains wherein the reactive adsorptlon
process conprises injecting a stoichionetric amount of N-hal ogeno conpound
into the hydrocarbon steam and then passing the hydrocarbon stream

contai ning the N hal ogeno compound t hrough an adsorbent columm to adsorb

N- hal ogeno- sul fur conpounds and unreacted N hal ogeno conpound.

Sulfur-Free
Hydrocarbons

v /

Hydrocarbon Feed

Counter=-Current Reactlive Extractlion

Water/N-Halogeno
Compound
Spent Water

FIG. 1
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6. The process of claim5. wherein the adsorbent conprises activated
earbon, clay, alumina, silica gel, or nolecul ar si eve materi al EﬂﬂhcﬁMéﬁféﬁ%ET

replacenent sheet. - 11 -

Sulfur-Free
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e
Separator

Spent Water

ln-Line Hixers

FIG. 2 Con-Current Reactlve Extracflon
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7. The process of claim®6, wherein the nol ecul ar sieve nateriah E sel ected
from-t.he group of highly crystalline nolecular sieve materials ﬁ @ﬂW@NTs
pore size within the range of nore than 5 Angstromunits to 15 Angstrom HEET
units. 8. The process of claim®6 or claim?7, wherein the nol ecul ar sieve
material conprises a zeolite selected fromthe group consisting of zeolite

X, Y. beta, and nordenite. 9. The process of claim8, wherein the zeolite

is a cation-exchanged zeolite. 10. The use of a N hal ogeno conpound for the
removal of organosul fur conpounds fronhjbqyid hydr ocar -

Sulfur-Free
Hydrocarbons

Column

7
Adsorption

FIG, 3 Adsorption Process |
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