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ray amorphous oxide with a spinel formula, and crystals of ZnO, CuO,
and at least one Group VIB metal oxide, and preferably, at least one acid -
ic oxide of B, P, or Si, as well. The composition is useful in oxidative
processes for removing sulfur from gaseous hydrocarbons.
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METHODS POR GAS PHASE OXIDATIVE
DESULPHURIZATION OF HYDROCARBONS
USING CaZnAl CATALYSTS PROMOTED WITH
GROUP VIB METAL OXIDES

FIELD OF THE INVENTION

131} This invention relates to Co/Zo/Al catalysts which are promoted with at
least one oxide of a Group VIB metal, such as Mo or W. The resulting catalysts are
effective in gas phase, oxidative desulphurnization of sulfur containing hydrocarbons,
especially gaseous hydrocarbons. In preferred embodiments, the catalysts contain a

second promoter, which is an acid forming omde of B, Si, or P

BACKCROUND OF THE INVENTION

(321 Gas phase oxidation of sulfur containing hydrocarbons, o remove the
sulfur, 18 a2 well known process. Examples of sach processes are shown in, eg., U5
20130199968, (1.8, 20130028822, and U8, 20134026072, all of which are incorporated
by reference herein. 1.8, 20130026072, e.g., describes g process for making catalysts

which are useful in oxidative desulphurization (*0727 hereafier).

{131 The *072 disclosure teaches that cerium can be promoted in Co/Zn/Al

coptaining catalysts, which are useful in QDS processes. The catalysts are described as

arnorphous oxides, with a spinel phase and highly dispersed crystaliine Cu0 and ZnQ.

{14]  The process described in *072, as noted infre serves as the basis for new
catalvsts. Indeed, notwithstanding the various catalysts and catalylic processes for GDS,
due 1o tssues with hydrocarbon feedstocks, the desired level of desulfurization 1s not
achieved. Also, when molecular oxygen is used as oxidant, it is diffienlf o control
oxidation of the fuel while converting the sulfur components in the {uel oils used. Hence,

there is a continuous need for new catalysts useful in ODS.

SUMMARY OF THE INVENTION

08} The iovention relates to a method for gaseous oxidative desulfurization of

a sulfur containing hydrocarhon feedstock using a catalvst which comprises from 10 o
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50 wi.% CuQ, from 5 to less than 20 wi% ZnQ, and from 20 to 70 wi.% AL, which
also contains one or more Group VIB metal oxides, and preferably an acid forming oxide
as described supra, which anlonicelly modities the surface of the catalytic composition,
generally by modifying AlGs. The total amount of promoters can be present in an

amnount up (o 20 wi.% of the catalyst.

6] The catalysts, as will be elaborated upon, infra, are prepared by either
impregnating a co-precipitated CuZnAl oxide base, or an impregnated CuZi/ AL O, oxide
base. One or more of Group VIB metal oxndes can also be mixed with a wet, co-
precipitaied CuZnAl oxide base. The catalysis promoted with oxides of VIB metals and
with acid forming oxides showed enhanced catalyhic performance in ODS processes.
When promoted with oxides of both Mo and B, e.g., the catalysts displayed bigher total
sulfur removal rates, significantly higher OD3 selectivity, and excellent reactivity with

refractory organosulfur compounds, such as 4, 6-DMDBT.

17} The catalyst described supra is also part of the wvention, as are processes
for making the catalyst,
BRIEF DESCRIFTION OF THE FIGURES

(98] Figures 1a and b present data for various catalysts made in accordance

with the invention, tested to show the role of temiperature on total sulfur removal.

199F  Figures 2a and 2b show the amount of sulfur removed from a model fuel

feed with different types of organosulfur compounds, using the catalysts of the invention.

118} Figure 3 displays TPR profiles for various catalysts in accordance with the

invention.

(13} Figure 4 depicts crystaliine structures of a precurser of a catalyst of the

inveniion.

{12}  Fipure 5 shows powder X-ray diffraction patiern for fresh, spent, and

regenerated catalyst V628, desaribed infra.
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DETAILED DESCRIPTION OF THE INVENTION

{131 The process of the invention will be further described with reference to the

disclosure which follows.

EXAMPLER

(141 A CuZnAl composition was prepared via the precipitation method. See,
e.g., published 1.3, Patent Application 2013/0026072, incorporated by reference, for

informabion on the method.

115]  To claborate, 0.2 moles of Cu(lNGap, 0.01 moles ZntNOs)p and 0.235
moles of ANG:): were dissolved in 500 md of distilied water. This solution will be

k

referred to as “solution A The pH of solution A was 2.3. “Sclution B” was made by
dissolving 19.08g of NapyC(h {$.18 moles) and 48 g of NaOH (1.2 moles}) together, i 600

mi of distilled water. The pH of solution B was 13

(16 Solution A was heated 1o 65°C, and then Solation B was added thereto at a
rate of about 5 mifninute, with constant agitation, until all of Solution B was added. The

resulting muxture bad a pH of 11,

(177 A precipitate formed and the precipitation slurry was aged for © hours at
precipitation conditions {(65°C, pH 11}, and was then cooled to room temperature and
filtered with & Buchner fumnel. The precipitate was repeatedly washed with distilled

water and fltered until pH neutral,

(18]  Analysis, using well known techniques, showed that 99% of the Cu, Zn,
and Al had precipitated.  The precipitate was dried at 110°C for 12 hours, calcioed at

SGO°C for 4 hours, and ground to g fine powder.

1197 Two batches of base CuZnAl compositions, labeled as V628 and N343,
were prepared. Properties of the compositions of the Example are set forth in Table 1,

infra.

(%)
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EXAMPLE 2

1261 The composition prepared in Bxample 1 was then treated to incorporate

molvbdenum oxide (Mo}, therein, via the well known incipient wetness method.

i21] The calcined, powdersd composition of Example 1 was placed in a
rolating impregnation drum, and a 0.2 mol/t solution of (NHapMoyOs was fed mto the
rotating drum.  The volume of solution used was 10% wore than the caleulated water
capacity of the Cu¥nAl composition. The impregnated sample was left in the rotating
drum for 20-30 minutes to permit even distribution of the hiquid in the powder, The
sample was then dried at 110°C, for 12 hours, and caleined at S60°C, for 4 hours. A dark
brown solid resulted, and was labeled as V636, Analysis of the calcined product revealed
34.37 wi% of elemental Cu, 14-14.8 wt.% of elemental Zn, 12-13.53 wi% of elemental
Al and 3.56 wt% of elemential Mo, Note that by changing the concentration of
{NH Mo+, the amount of Mo can vary from 2 wt.% to & wi%. [ 1s to be noted that
when reference is made to wi% in these examples, it i¢ by reference to the pure elemeant,

not the oxide.

i22]  The atomic ratio of Co:Zm Al was (2.5-311:42.5-3). The post-calcination
composition had a specific surface area of 35-§5 mi‘/g, a pore volume aversge of 0,15
.35 om'/e, and an average pore diameter of 10-20 nm. It contained crystaliine Cold,
Zn0, and traces of Moy, and an x-rav amorphous phase. “X ray amorphous phase,” ag
used herein means that, when the product was observed via high resciution ransmission
electron microscopy (HRTEM” berealter), carystallive particles of from 2-10 nm, and
more usually, 2-5 nm were observed. The lattice parameters (7.886A), were very close to

those of spinels.

231 Properties of the composition of the Example are set forth in Table i,

R

24]  Catalylic compositions are granulated by any known method; extrusion,

granulation or tabletting by pressing.
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EXAMPLE 3

[25] This example paraliels Example 2 except boron (B} was used instead of

Mo, The {NHsMorOng solution was replaced by a 6.5 mol/l HaBO; solution.

26}  The resulting composition was identical to that of Example 1, except it
contained 0.9 — | wit.% of B. By varying the concentration of HaBO,, the amount of B in

the final composition, labeled as V637, can range from (.3-1.5 wt.%.

EXAMPLE 4

1271 In this example, both Mo( and By0s were added to the CudnAl

composition of Example 1.

28] A solution containing {NH Mo O0 (0.22 molty and HsBOa (0.5 mol/l)
was added to CuZnAl again as in the prior examples. Deying, calcining, granulation and

analysis aleo took place as per the prior examiples.

291 Four batches of MoDs and B0 added compositions were prepared, and
labeled as V649, V674, V648, and V653 respectively. All properties were as givern in

Example |, supra.

Table 1. Physico-chemical properties of catalysis used in oxidative desalfurization

of model fuel feeds

Nama Preparabion Method o Composition | XRD

Y628 | Base Co-Zn-Al by co- ¢ i -Highly dispersed
precipitation - sproct
L O, Enid

- -Highly dispersed
| spinel
L -Cuy, ZaC

Ya3o

ase (i
f}i(,}}(i.{\"ﬁ 2 'L

i'vj!,f’;‘ .-;52,‘"?3.4!"3 a b :.pmt:i
Cu(s, Zn()

‘ ) 6.1
- spinel
Cu, Za0
LMo, minor
PR - ~Highly dispersed 39 0.14 143
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Va4Y Incipient welness impr 3.13%0Me, | -Highly dispersed 33 0.16 i8]
of base Ca-Zo-Al by $.84%:8 spinel
{(NH )Moy Ogy + HLBO, soluntion Criagpingdiag | - \.ﬂ, ,,QO

Va74 | Incipiont wetness impregnation 4.315%:Mag, ~Highly dispersed 38 .18 15.6
of base Cu-Zn-Al by 1.28%B spinel
{MHOMoOy+ HBO, solution ot odn, Al | -Culd, Zn0

e e [‘\VIE(:\(:)‘ I"\nii(}i o PO ST PP P PP

Va4 | Inciprent wetness impregnation 384950, ~Highly dispersed 4 1 020 203
of base Cu-Zn-Al by $.42%8 spinel
(NFL M 0500 + HBG, selution oy 928,40 ¢ 1 ~Cu(d, 200

i ‘ "TVEC(‘EQ‘ i?“i}'.‘-()l‘ .....................................................
Tncip at welnogs impregnation 8.25%Ma, ~Highly dispersed S8 1 0.8 136
of bage Cu-Fn-Al by 13998 spiued
(NHL Moy + HiBO: sohution Ay L -0, Zn0
MoQh, minor

EXAMPLES

(361  The catalytic compositions prepared in the cxamples, supra, were tested
for their ability to oxidatively desulfunize a model fuel, dibenzothiophene 1o foluene. An
oxygensulfur wole ratio of 120, a GHSV of 30000, & WHSV of 6l and

4

temperatures in the range of 250-430°C, were used.

The results, presented in Figure 1 show that the various additives funciioned as
promoters, enhancing sulfur conversion. Sulfuy removal via conversion to 30k as high as
730w was secured. Catalyst V653, which iz modified by both Mo and B, and with a
composition set forth in Table | showed superior oxidative desulfunization reactivily.
Figures 2a and 2b show the impact of organosulfur type on oxidative desulfurization

reactivity of catalyst V49, also described in Table 1, supra.

(31} In the examples shown in Figures 1 and 2, the temperature ranged from

325 - 4507,

32} While not wishing © be bound to any particular theory, it is noted that the
promoters habitually disperse into the catalyst system during ODS reactions. Further, the
addition of these promoters changes the redox nature of the catalyst system, which

appears to enhance the catalyvtic performance.

{331 Thus can be seen tn Figure 3. Specifically, redoction profiles of CuZnal

catalysis with and without woditiers, referred to supra are shown.

&
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134} Fipure 4 shows the powder XRD patiern of the dried base Cudnal
catalyst, V628 {after oven drying and before calcination). The XRD pattern shows the

presence of a mixed aurichalcite-like phase and a tenomite CuQ phase.

(3%} Figure 3 shows the XKD powder pattern of catalyst V649 at three
distinctive states of ODS reaction: fresh {after calanation), speni, and regenerated. The
KR pattern of fresh V649shows three crystailine phases, i.e, CuQ, a highly-dispersed
solid sohation of spinel phase, and a minor molybdenurn oxide phase. In Figure 5, one
also chserves sharp diffraction peaks of a well crystallized phase metallic copper phase in
the XRD pattern of the spent sample. To regenerate the catalyst, it was placed in a flow
of H, containing gas {(10% H;), at 350°C for one hour, followed by purging at room
temperature, followed by oxidation in an oxygen containing mixture at 350°C for one
hour, at GHSY 500-3000 hr-1. The XRD pattern of the regenerated catalyst i3 similar to
that of the fresh catalyst except that no crystalline Mot phase was identified in the
regenerated yaterial,  This may indicate that MoQOy existing in the fresh oxide is

redispersed during ODS reactivity testing and remains diepersed during regenerabion.

36]  The forepoing examples describe features of the inveniion which include a
2oing .
cataivtic composition useful, e.g., wn oxidative removal of selfvr from gaseous, sulfur

containing hyvdrocarbons, as well as processes for malang the compositions, and their use.

(377 The catalytic comwposiions comprise oxides of copper, zine, and
aluminum in defined weight percent ranges, and s Group VIB metal oxide promoter. The
compositions exhibit an X-ray amorphous oxides phase with erystallive oxides of Zu, Cy,
andd promoter. Even more preferably, a second promoter, t.e., an acidic oxide of 81, B, or

P is added.

[38]  As noted, supra, the compositions contain defined amounts of the metallic
oxtdes, The weight percentages permitied by the invention sre 5 {o less than 20 weight

percent zinc oxide, from 10 to 30 weight percent copper oxide, and from 20 to 70 weight

percent of aluminum oxide. The promoter is present in an amount up to 20 wi.%.
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1391 The aforementioned struchure has a lattice parameter corresponding fo
spinel, according to HRTEM data and the chemical formmla Cu,2ny (ALO,, found from
EDX analysis which 18 in accordsnce with the standard formuls for spinels, 1e,
“MALO,” where “M” significs a metal, herein Zn or Cu, or combination of metals,

herein Zn and Cu. Preferably, X ranges fromn 0.1 to 8.6, more preferably, from 0.2 10 0.5

{481 The composition of the invention preferably are granular in nature, and
may be formed into varions embodiments such as a cvlinder, a sphere, a trilobe, or &
guatrolobe, preferably via processes discussed infra. The granules of the compositions

preferably have diameters ranging from 1 mum t0 4 mim.

{411  The compositions preferably have specific surface areas ranging from 18
m/g te 100 i/ g, more preferably 56 mY/g to 100 m*/g, with pores ranging from & nm to
12 nm, more preferably, & nm to 10 nm  In preferred embodiments, the weight
percentages are; 20-45 Culy, 10->20 Zn0, and 20-70 AlGs, and most preterably 30-45
Cu(, 12->20 Zn0, and 20-40 AL O,

{421  The catalytic composttions of the mvention are made by preparing an
agueous sohution of the nitrates of Cu, Zn, and Al and then combining this solution with
an agqueous alkaline solution which contains NaOH, and/or one or more of (NH4C0,,

NapyCOy and MHHCO3S,

1431 These solutions are combined al a tempersture which may range from
about S0°C to about 83°C, and at a pH of from about 6.5 to about 14, The resuliing
hydroxides, carbonates, and/or hydroxycarbonates precipitate and are then filtered,
washed, and dried, for at least four hours, at 2 temperature of at least 180°C, and calomed
at an elevated temperature of at least 400°C. Promoter is then added o the composition,
preferably via incipient weiness. After this, the resulting dried material is calcined, for
about 2-4 hours, at a tamperature of at least 430°C, to form the composition described

herein.

44}  The precipiiate may be aged prior to the fillerning and washing, as

elaborated 1n the examples.

@)
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1481 i is frequently desirable to form composites of the catalvtic composition,
and this is preferably done by adding a binder {o the compositions prior o calcination.
The binder wmay be, e.g., polvethvlene oxide, polyvinyl alcohol, aluminum
pseudobochmite, silica gel, or mixtures thereof. The binder may be added 1 amounts
ranging from about 1 wt.% to about 20 wt.% of the precipiiate, preferably from 1 - 18
wi.%% or in the case of hydroxides 3 — 20 wt.%. The resulting mixture may be extruded
through, e.z., a forming die, and then dried, preferably at room temperature, for 24 hours,
followed by dryving at about 100°C for 2-4 bours. The exirusion product is then heated
slowly, e.g., by increasing temperatures by 2-3°C every mimute until g temperature of

S500°C is reached, followed by caleinations at 500°C for 2-4 hours.

146} In practice, the compositions are used by combining tham with a sulhur
containing hydrocarbon, in gascous form, together with an oxygen source, such as pure
{3, for a time sufficient for at least a portion of the sulfur o be oxidized o, e.g, 50,
The oxygen source is preferably pure oxygen, but may be air, or any other oxygen source.
Preferably, the materials recited supre are combined at conditions which include pressure
of from 1-30 bars, temperature of from 300°C to 600°C, with 5 weight hourdy space
velecity of from 1-20 b7, gas hourly space velocity of from 1,000 - 20,00 b, with an
oxygen carbon molar ratio of from (.01 0 0.1, and a meolar ratio of oxygen and sulfur of
from 1 to 150, Preferably, the pressure ranges from 1-10 bars, yoost preferably 1-5 bars,
the temperature is preferably from 300 - 500°C. The gas hourly space velocity is
preferably 5,000 — 15,000 h“!, most preferably 5,000 to 10,000 h'gﬁ while the preferred
molar ration of Oy/C ranges from 8.02 — 8.1, and most preferably from 0.05 - 0.1, while
that of O/S is from 19 — 120, and most preferably, from 20 — 3¢, Additionally, it is

preferred that oxidation take place with the exclusion of hydrogen gas,

1471 The feedstock, e.g, the sulfur containing hydrocarbon, will vary, but
preferably is ope with a beiling point gbove 36°C, and even more preferably, above

365°0

{48}  In practice, the catalytic compositions are used in the form of, eg, hixed

L]

heds, ebullated beds, moving beds, or thudized beds,
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149} Other features of the invention will be clear to the skilled artisan and need

not be reiterated here,

(58]  The terms and expression which have been employed are used as terms of
description and not of lmitation, and there i3 no intention in the use of such terms and
expression of excluding any equivalents of the teatures shown and described or portions
thereof, it heing recognized that various modifications are possible within the scope of

the invention.

10
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ig.

We Clatmn;

A method for oxidizing sulfvr in a sulfur containing hydrocarbon, comprising
contacting a gaseons hydrocarbon to a catalytic compeosition, comprising copper
oxide in an amount ranging from 10 weight percent (wi.%) to 30 wi.%, minc oxide
in an amount ranging frorms 5 w9 to less than 20 wi%, shwmnum oxide o an
amount ranging from 20 wt.% to 70 wt.%, and at least one promoter selecied from
the group consisting of a Group VIB meial oxide, wherein said catalviic
composition has an Xeray amorphous oxide phase with a formula Oudny A0
wherein X ranges from € to 1, crystalline Zn0 and Cu0 in the presence of an

oxygen containing gas,
The method of claim 1, wherein said promoter is Mo or W,

The method of claim |, wherein said promoter further comprises an acidic oxide

of 81, B, or P.

The method of clajm 1, wherein said provooter 19 present in an areount up to 20

wi.% of said catalyst.
The method of claim 1, wherein zaid hydrocarbon is a gaseous hydrocarbon,
The method of claim 1, wherein said oxygen contaiming gas s pure oxygen.

The method of claim 1, comprising oxidizing said hydrocarbon in the absence of
hydrogen gas.

The method of claim 1, compnsing oxidizing said hydrocarbon at a tempersture

greater than 300°C,

The method of claimn 3, wherein sard acidic oxide 15 B.0;.

A catalyst composition useful in oxadative desulfurization of a suifur containing

biydrocarbon, comprising:
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P

15

16.

.

19,

20.

s

copper oxide in an amount ranging from 10 weight porcent to 50 wt%,
rine oxide in an amount vanging from 5 wt.% to less than 20 wt.%, aluminum
oxide in an amount ranging from 20 wi% to 70 wi.%, and at feast one Group VIB

metal oxide promoler, in an amount up to 20 wi.% of said catalytic composition.
The catalyiic compostiion of claim 10, further comprising Mo or W,

The catalytic compasition of claim 10, further comprising an acidic oxide of S84,

B, orP.
The catalytic comnpostiion of claim 10, further comprising BaOhs.
The catalytic comaposition of claim 10, in granular form.

The catalytic composition of claira 10, formed as a eylinder, a sphere, a trilobe, or

a guatrolobe,

The catalytic coroposiiion of claim 14, wherein granules of said composition have

a diameter of from | mm to 4 pun,

The catalvtic composition of claim 10, having a specific surface area of from 10

ey 2 e
m/gto HHIm/g.

The catalytic compesition of claim 10, wherein pores of the granules of said

composition have g diameter of from 8 nwo {o 12 nm,

The catalytic composition of claim 10, wherein pores of the granuies of said

composition have & volume of from about 0.1 ent™/g to about 0.5 an™/g

The catalviic composition of claim 10, comprising from 20 wt.9% to 45 wt.% Cu(,

from 10 wt.% to less than 20 wt.% ZnQ, and from 20 wi.% to 70 wi.% of ALO,.

The catalviic composition of claim 20, comprising from 30 wt.% to 45 wt.% CnQ,

from 12 w96 to tess than 28 wit.% 200, and from 20 wi % 0 40 wi.96 AL,

12



WO 2017/120130 PCT/US2017/012017

&3
143

24,

N3
£

26,

The catalytic composition of clamm 17, having a specific sarface area of from 50

m%r’g to 100 m”

2,
1]
I

The catalviic composition of claim 18, said pores having a diameter of from 8 nm

to 10 mm.

The catalvtic composttion of claim 10, wherein X in CuZng  AlQy 18 from 8.1 1o

0.6,

The catalytic composition of claim 24, wherein X i3 from 8.2 10 ¢.5.

A process for making the catalytic composition of claim 1, comprising:

{1}

(v}

{v)

(vif)

(viif)

combining an aguecus solution containing each of copper nitrale, zing
nitrate, and aluminum nifrate with an alkaline solution containing MNaQOH
and/or at least one of (NHsRCO;:, NaxCGs and NHHCG,, at a teroperaiure
of from about 50°C fo about 65°C, and a pH of from about 6.5 o about 14,
to form a precipitate containing at least one of {a) a carbonate containing
Cu, Zn, sud Al (b a hydroxide containing Cu, Zn, and Al and (¢} a
hydroxycarbonate containing Cu, Zn, and Al;

aging said precipiiste;

filtering and washing said precipitate;

drving said precipifate for at least 10 hours, at a temperature of at least
100°C;

calcining the said dried precipitate for at lzast 4 hours at g femperature of
at least 400°(;

adding a solution countaining at least one Group VIB oxide 1o smd
precipitate;

impregnating said Group VIB oxude m sawd precipitate via incipient
wetness, and

calcinating said precipitate for from about 2 to aboul 4 hours, at a

temperature of at least about 450 - 500°C.

j
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The process of claim 26, wherein said agueous solution further comprises ceriam

nifrate, and said carbonate, hvdroxide, and hydrocarbonate contain Ce,

The process of claim 27, turther comprising combining the precipitate of {1} with
a binder selected from the group consisting of poly-ethylene oxide, polyvinyl
alcohol, a sol of gluminum pseudobochmite, silica gel and mixtures thevent, said
binder being added in amount ranging from o 10 weoight % of said precipitate,
to form an extrudable mixture, extruding satd mixture through a die to form an
extrudate, drying said extrudate for 24 hours af room temperature to 300°C, at a

vate of from 2 — S°C / mnute, {o calcine said extrudate for from 2-4 hours,

The process of clairn 26, wherein said precipiiste comprises hydroxides, said
process further comprising combining said precipitate with a binder selected from
the group counsisting of polyethylene oxide, polyvinyl aleohel, a sol of aluminum
peeudobochmite, silica gel, and muxtures thereof, said binder being added 1n an
amount ranging from 3 to 20 weight percent of said precipitaie, to form an
extrudable roixture, extruding satd mixture through a dic to form an extrudate,
drying said extrudate for 24 hours at room temperature, followed by drying at
100°C for from 2-4 hours, and raising temperaturs to 300°C) at g rate of from 2-

S5°C 7 wanute, to caleine said exirudate for from 2-4 hours,

The process of claim 26, comprising adding a solotion containing a water soiuble

Mo{VI} or W{VI) compound o provide an Mo or W04 phase upon calcination

The process of clawm 26, comprising adding a solution containing a water soluble
compounds of at {zast one of Mo(VI} or B{II} to provide Mot or Bl upon

calcination.
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