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INTEGRATED PROCESS FOR ACTIVATING
HYDROPROCESSING CATALYSTS WITH INSITYU
PRODUCED SULFIDES AND DISULPHIDES
FIELD OF THE INVENTION
[G01] The invention relates to the activation of hydroprocessing catalysis using
mercaptans, sulfides and disulfides extracted from caustic or alkaline sclution, It also relates to

purification of these materials, as well as their use in the activation of hydroprocessing catalysts,

BACKGROUND AND PRIGR ARY

[002] During the processing of hydrocarbon feedstocks in, e.g., petrochemical
refineries, sulfur containing compounds are removed from the feedsiock by contact with a
caustic {1.e., alkaline) solution, into which the sulfur containing compounds {e.g., thiosulfates)
dissolve. Among the materials which can be treated this way are natural gas, fuel gas, ligustied
petroleum gas, pentans mixtures, Hght straight run naphtha, light thermally cracked naphtha, full
siraight run naphtha, full FOC cracked naphtha, heavy SR naphths, aviation turbine fuel
kerosene, and distillate fucls with boiling points up 10 350 “C. {The skilled artisan will recognize
that this Hafing s exemplary and hardly cumulative or exhaustive). While this is a standard,
gfficient process, the result is a spent, caustic solufion which must be addressed. These spent
solutions, containing dissolved sulfur compounds, must be treated to avoid envirenmental and

other problems.

(0031 Conventional techniques are available for dealing with the problem of the spent
caustic solutions, Most commeon is so-called “wet air oxidation,” where after oxidation with air,
disulfides result, and the caustic solution is regenerated. The mixed disulfides, sometimes
referred to as “disulfide 01l,” {D30) can then be freated via, ¢.g., hydrotreating or hydrocracking.
See, e.g., Published U5, Patent Application 2016/0108333, incorporated by reference, Wihale
this is a useful process, it requires hydrogen, which wmakes it expensive. Burning, or otherwise

disposing of the disulphide oll is possible, but far from desirable.

(0041 The field of petrochemistry is familiar with the so-called “MERQOX” process. As
its name suggests, the MEROX process involves oxidation of mercaptans in hydrocarbon

mixtures, via the basic reaction:
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REH + 3 Oy — ¥ RESR + 12 Ho,

[005] The process reguires an organometallic catalyst and an alkaline solution in order
to accelerste oxidation and to procesd at an economically practical rate.  The process i
important for the disposition of sulfur containing compounds removed from hydrocarbon

feedstocks in petroleum refining.

[006] In the equation provided supra, “R” is a hydrocarbon chain of variable length,
which may be saturated, unsaturated, branched, cyclic, or any form of hydrecarbon found in
netroleum feedstocks, crude ofl, eto. Generally, these feedstocks contain mixtures of compounds
of the formula RSH, where R and R/, infra, can contain 1 1o 10 carbon atorns, or even more then

10, but R and R, infra, prefersbly contains 1-8 catbons.

0071 Indeed, the wide varlety of hydrocarbons makes the following reaction scheme

nere accurate.
2ESH + 2RSH + Oy - ZRISER + 2HL,C

(0081 MEBEROX processes involve either lquid streams, or mixtures of liguid and gas

streams.

0097 When the starting malerial, Le., the feedstock, is lguid only, the disulphides
remain in the reaction product and the total sulfur content does not change. The vapor pressure
of the resulting disulphides is fow as compared fo mercapians, so their presence is far less
objectionable then that of mercaptans.  Oun the other hand, the disulphides are not

environmentaily acceptable and their disposal is difficult,

(00107 In practice, liquid stream feedstocks are nsually treated in a fixed bed reaclor
systern over a catalyst, such as activated charcoal impregnated with & MEROX reagent, and
wetted by a caustic, alkaline solution, Alr is injected into the feadstock ahead of the reactor, and
as the foedstock passes through the wetted, calalyst impregnated bed, mercaptans are oxidized to
disuiphides. Because the disulphides are insoluble in the canstic, alkaline solution, they remain

with the other hydrocarbons, and complex processes 1o remove them must be employed.
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[0011] When the feedstock is a mix of gas and liguid, the disulphides can be extracted
into the alkaline solution. The degree of extraction depends, inter alig, on the molecular weight
of the mercaptans, their degree of branching, the concentration of the alkaline solution, and the

reaction temperatures.

[0012] The disulphide oil which resulis from the MEROX reaction discussed supra is 3
mix of varions disulphides. Table I, which follows, shows the disulphide ol composition

obtained following oxidation of compositions containing propans, butans, and mercaptans:

Table 1, Composition of disuliide oll,

| pisutige ot Wy | 8P MW | Sulfur, W%
Di-Methyl Di-Sulfide SIRLLI AL 94 68.1
_Di-Ethyl Di-Sulfide 46 | 154 122 52.8

|_Di-Propyl Di-Sulfide {33 195 | 180 42y

| Methyl Ethyl Di-Sulfide L L L £9.3
Ethyl Propyt DI-Sulfide 2 e | 136 471
Total 100 | 15864 | 1263 52.0

0013 As noted, supra, the disulphide oil is problematic. It can be added to fuel ol or
be further processed in a hydrotreating/hydrocracking unit, which increases expenses because of
the need for hydrogen. Given the issues surrounding this byproduct of hydrocarbon processing,

there is g need to utilize the byproduct and/or dispose of i, within the confines of a refinery,

(0014} Hydroprocessing catalysts, especially those contalning Ni and/or Mo oxides, as
weil as Co and/or W oxides, regaire aclivation to achieve maximum potential conversion of the

oxides to corresponding sulfides, is the industry standard, viz:

Table 2. Activating reactions,

Betal Oxide | Reactanis k Products

WieOs MoOs + He+ 2H,8 | L MoSp + 30

NIO SN + By v 2HS s NigSy + 3H0
Co0 00 + He + BHS Caslip + G0
WOs | TWOg + Mg+ 268 oL WB, 430

100157 Standard methods to carry out this reaction include in-sifu gas phase activation, or
liguid phase activaiion, sach of which may vse 2 sulfur spiking agent, but need not do so. Anex

ity pre-activated catalyst can also be used. Of these options, liquid phase in-situ activation with
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a sulfur spiking agent is most common. The following table lists the rmost frequently used

agents, and some of their properties:

Table 3. Ustalyst activating agents,

Name Sulfur, W% | MW, gigmel | 8G BR,
Di-methyl-di-sulide (DMDS) 88 94 1,080 109
di-mathyi-sulfide (DMS) 82 82 3.840 38
di-methyl-sulfoxide (DMSO) 41 78 4400 L 89
o o e e g
Tertiary-butyl-poly-sulfide (TBPS) | 54 242 1300 |
Tertiary-nonyl-goly-sulfide (TNPS) R 414 | 1040 N

10316] The materials of Table 3 are converied fully to HyS and hydrocarbons, while the

H; 8 converts the oxides into sulfides, as shown by Table 2,

(00171 The conditions under which disulphides, mercaptans, and mixtures of these
decompose to hvdrocarbons and hydrogen sulphide includs a hydrotreating catelyst, and

temperatures from 130 - 260 °C.

IG018] As noted, supra, the prior art has long used conmunercially available disulphides to
activate hydroprocessing and hydrocracking catalysts. This invention unites two separate areas
of technology used, in petrochewmical processes.  In briefl it invelves removal of sulfur
compounds by caustic selvenis and their conversion to mercaptans and/or disulphides and then

use of this potentially problematic waste product to activate catalysts dirgetly,
(00191 How this is accomplished will be seen in the disclosure which follows.

BRIEF DESCRIPTION OF THE FIGURES

[0020] Figure 1 shows a conventional MEROX process.

(0021} Figure 2 shows one embodiment of the invention, where DSQ is produced and

purified, then used to activate catalysts.

(0221 Figure 3 shows g further smbodiment of the invention in which extracted thiclates

are converted to mercaptans, which are then used to activate catalvsts.
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{00231 Figure 4 shows activation of a hydrotreating catalyst using a comnercial disulfide

and the extracted disnlfide formed from the MEROX process as deseribed in the invention.

[0024] Figure § shows hydrotreating catalyst activity for a catalyst activated using
commercial disulfide and the extracted disulfide formed from the MEROX process according to

the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

{00251 Referring to Figure 1, which shows a conventional MEROX process, one has two
reaction vessels “17 and “2,7 for treatmuent of propane ("1} and butane (*27), obiained during
refining. The propane and butane are not pure, and they are contacted to an alkaline or caustic
soiution introduced to the reaction vessel by “3.” The contact takes place at g temperature that is
preferably 40-60 °C, but can range from 135-80 °C, and a pressure which can range from 10-50
bars. Impure propane or butane “4” or *3” enters the reaction vessel 17 or “27, and afier contact

with the eaustic solution, leaves, as shown by “6” and “7.7

[0026] The caustic alkaline solution, which contains various thiolates of formula X-8-R,
where X is an alkaline ion such as K7, or Na', or some other component of an atkaline compound
and R is as discussed supra, moves “8” to g second reaction vessel ©9,” which contains a catalyst
*10,” and to which oxygen containing air “117 is introduced. The contact preferably takes place
at a teraperature of from 20 °C 1o 300 °C, more preferably at a temperature from 20 °C o 80 °C,
Following oxidation, 8 minor proportion of sulfides and a wmajor proportion of disulfides 127 are

produced, and are treated as discussed infra.

[D027] Figure 2 shows one embodiment of the invention, where following the process
elaborated supra, the solvent “127 containing the sulfides and disulfides is moved to a further
regetion vessel “20,” where solvent “217 is added and sulfides/disulphides are separated from the
soivent into “227 (sulfides and disulfides) and *23” {solvent). The sclvent is cleaned in solvent

recovery vessel “247 and may be either reused “25,7 or disposed of *26,” while purified
sulfides/disulfides 22 move to a fwther resction vessel *27.7 containing an inactive,
hydroprocessing catalyst. Following contact, activated catalyst “28” is formed and is used in
further processes. The cleaning of the solvent may be accomplished via various ari recognized

methodologies. Exemplary, but not inclusive, are a water wash, which removes water soluble
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sulfur containing compounds, and adsorption with, o.g., activated carbon, aluming, silica

alumina, sand, a zeolite, or regenerated, spent catalyst.

(00281 Figure 3 shows an embodiment of the invention very similar to that shows in
Figure 2, except that, in the vessel “30” comparable to “97 in Figure 2, hydrolysis, using an acid
rather than air, takes place, to form mercaptans of formula K5H, as defined supra, and sulfides,
The mercaptan containing solution moves to purification reactor 40 via means 32 and s treated
as described herein. This contact preferably takes place af a temperature of from 20 °C 1o 100
“C, more preferably, at a tomperature from 20 °C to 80 °C. A further difference is thal in this
embodiment the product “33” legving reacior “407 is g mintore of purified sulfides and

mercapians,

F0029] Figure 4 is a further depiction of the activation of hydrotreating catslysis using
DSO prepared in accordance with the invention, and used in the integrated process of the
invention and is compared to the activation of the same catalyst using 8 commercially available
disulfide.

(0030] Figure 5 shows the hydrotreating catalyst activity experimental results when
suifiding the catalyst with the disulfide prepared in accordance with the invention and a

commercially available disulfide.

00317 As noted, supra, the MERDN reaction, as well as methods for separating the
produsts produced in the oxidation of mercaptans, are known, What is not tanght by the art, and
which will be elaborated upon g, is the use of these sulfide compounds as catalyst activalion
agents, especially in an integrated process whereby mercaptans in a hydrocarbon feedstock are
oxidized, the sulfide oxidation products are nsed directly to activate catalysts which are used as

part of the integrated process.

LXAMPLE L

(00321 Two diesel hydrotreating pilot plant tests were conducted.  The catalyst to be
activated, in each test, was an Ni-Mo hydrocracking catalyst in oxide form. The meode of
activating the catalyst was o coniact it with either commercially available BMDS, or recovered

DRG, obtained via the integrated process of the invention.

4
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[0033] Activating solutions were prepared using kerosene fractions containing 1% sulfur,

o which DMDS was added, (o obiain 2% sulfur confent

(00347 To activate the eatalyst, the reaction vessel was pressurized to 45 bars, using
hydrogen followed by a 30 minute purge.  The hydrogen flow was 27.5 NL/b and the

temperature was increased to 175 °C, in 25 °Clhwr increments.

130357 Commercially available activating solution (DMDE), was added a1 LHEV of 3 h,
and held for 3 hows, The temperature was increased to 250 °C at the same rate as above, The
concentration of Ha§ in the vessel was monitored every 30 mimmtes, until the level in the off gas

exceeded 0.2 V9. Catalyst activation continued for & hours.
F00361 The rate of activation of the catalysts can be seen in Figure 4.

EXAMPLE 2

[0037] This example compares commercially available DMDE sulfiding to D3O
obiained using the invention. The D8O was obtained by combining the D8Gs from propane and

butane MEROX units, as described supra.

[0038] Activating solutions were prepared using kerosene fractions containing 1% sulfur,

1o which D8O was added, 1o obtain 2% sulfur content.

(00391 The vessel was pressurized to 45 bars, with hydrogen gas, and purged for 30
mimtes. The rate of hydrogen flow was set at 27.5 NL/h, and the reactor temperature was

increased to 175 °C, at a rate of 25 *Clhour,

[00407 The catalyst activating solution was fed to the vessel, at a LHSV of 5 ', and held
for 3 hours, The reactor temperature was then increased to 250 °C, at a rate of 25 *C/howr. The
Ha$ gas concentration was monitored every 30 minutes for sulfor breakthronghs, until the Hy8
conceniration was greater than 0.2 V9% in off gas. The vessel was held with the same gas and

tiguid flow rates for § hours, to complete activation.

(00417 Figure 4 shows the activation data for both activating agents. It will be seen that

the gotivation was similar,
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EXAMPLE3

(00421 The activated catalysts of Examples | and 2 were tested, using an SR gas ofl,
derived from a mix of Arabian light and heavy crude (25:75). Properties of the feedstock are in

the following Table;

Table 4. Fesdstock propertiss and

pompositian,
| Proparty Unit Yalue
L Sylfur W 1.45
Density gloc 0.8448
Nitrogen ppmw (o 98
i i e
8 T 172
10 o 198
29 = 233
30 ¢ 264
44 C 273
50 G 293
50 G 311
70 o 330
80 ' 382
a0 "G 3789
28 G 400
100 G 437

F0043] The feedstock was tested at constant pressure of 46 bars, LHSV ol 4.95 W, and

temperatures in the range 320 °C - 400 °C,
[(3044] These conditions follow:

Tabie 5. Ooevating conditions of hydrobmating tests,

______ Variables Unit Test § Test 2
Gatalyst activating Agent oMDS siel
Hydrogen partial pressure Bar ¥ 46 A48
LHSY o 8088 7 0.88
Temparature G 300, 310, 320, 330, 340, 380, 360, 300, 320 and 340
......... 36{} artd 4(}0 e
Duration days 3 at each temperatures : 3 at 300 and 2 days &t 320 and
340

{00451 The results are presented in Figure 5. As seen both commercial BMDS and
extracted 38O were effective in sctivating the hvdroprocessing catalysts, converting it from

oxide form inlo sulfide form.

fes



WO 2019/083627 PCT/US2018/050423

F0046] The foregoing invention describes an integrated process for removing suifur
containing hydrocarbons from hydrocarbon feed, and then processing these to materials useful
for activating a hydrocracking catalyst. The sulfur compounds, once removed into a caustic
solvent, miay be treated in one of two ways, i being undersicod that mercaptans, when contacted

with an alkali reget as follows:
ZESH + 2NgOH - ZNaSR + 2H,O

[0047] 1t is to be understood that “Na(3H” is representative of other alkalis including, but

not being Himited to KOH, LiOH, other alkali hydroxides, and other alkali materials,

{0048] The resulting thiolate, Le., Na8R, or any compound of formula X8R {where ¥ is
the cation of the alkall), can then either be oxidized in the presence of a catalyst to form a

disulfide, viz:
4XSR + Oy + ZHLO — ZRESR + 4X0OH
F0049] or can be treated in the presence of acid and a catalyst:
KSR+ HyO — REH+ HoO + X

(D050} If the first reaction, ie., oxidation, is veed, 4 is preferably carvied out at a
termperaiure of 20 “C fo 80 °C, but can range from 20 °C 0 300 °C. The second regction is
preferably carried out at 20 °C o 100 °C, and preferably at 20 °C ~ B0 °C, gt a pressure of from

1-30 bars, and for 15-60 minutes, although these parameters are not eritical,

{00511 Other features of the invention will be clear 1o the skilled artisan and need not he

reiterated here,

{00521 The terms and expression which have been cmploved are used a5 terms of
deseription and not of limitation, and there is no intention in the use of such terms and expression
of excluding any squivalents of the features shown and described or portions thereof, it being

recognized that various modifications are posaible within the scope of the invention.



CLAIMS

An integrated process for removing sulfur containing hydrocarbons from a hydrocarbon
feedstock and activating a hydroprocessing catalyst, comprising:

(1) contacting said hydrocarbon feedstock to an alkaline extraction solution in
an extraction vessel, to remove sulfides, disulfides, and mercaptans;

(i1) reacting the mercaptans removed from said hydrocarbon feedstock with an
alkali present in said alkaline extraction solution to form thiolates;

(iii)  contacting said thiolates in said alkaline extraction solution with an acid in
the presence of a catalyst, to form a mixture of mercaptans and sulfides from said thiolates;

(iv)  removing any mercaptans and sulfides produced in (iii) from said alkaline
solution to form a mixture;

) removing any non-sulfur compounds from said mixture, and

(vi)  activating a hydroprocessing catalyst by contact of said mercaptans and

sulfides to said hydroprocessing catalyst.

The process of claim 1, comprising carrying out (i) and (ii) at a temperature of 15 °C to 80

°C.

The process of claim 2, comprising carrying out (i) and (ii) at a temperature of 40 °C to 60
°C.

The process of claim 1, comprising carrying out (i) and (ii) at a pressure of 1050 bars.

The process of claim 1, comprising carrying out (iii) at a temperature of from 20 °C to 100

°C.
The process of claim 5, comprising carrying out (iii) at a temperature of 20 °C to 80 °C.

The process of claim 1, comprising removing water soluble sulfur containing compounds in

(iv) via a water wash.

The method of claim 1, wherein removing any said mercaptans and sulfides comprises

adsorbing said sulfur containing compounds to an adsorbent.

10



10.

11.

12.

13.

The method of claim 8, wherein said adsorbent is activated carbon, alumina, silica alumina,

sand, a zeolite, or a regenerated spent catalyst.

The method of claim 1, wherein said hydrocarbon feedstream is natural gas, fuel gas,
liquefied petroleum gas, a pentane mixture, light straight run naphtha, light thermally
cracked naphtha, full straight run naphtha, full FCC cracked naphtha, heavy FCC cracked
naphtha, heavy SR naphtha, aviation turbine fuel, kerosene, or a distillate fuel having a

boiling point of up to 350 °C.

The process of claim 1, wherein said extraction vessel comprises a plurality of liquid —

liquid contacting decks.
The process of claim 1, comprising carrying out step (iii) at a pressure of 1-30 bars.

The process of claim 1, comprising carrying out step (iii) for 15-60 minutes.
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