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HYDROPROCESSING METHODS UTILIZING 
CARBON OXIDE-TOLERANT CATALYSTS 

FIELD 

[0001] The present invention relates to methods of hydroprocessing an ofefinie 

naphtha feed involving use of a combination of a hydrotreating catalyst that behaves 

well in carbon monoxide-containing and/or carbon dioxide-containing environments 

with an unusually increased level of carbon monoxide and/or carbon dioxide, for 

example in the hydrogen-containing treat gas and/or in the oiefinic naphtha feed. 

BACKGROUND 

[0002] Most sulfur in the refinery motor gasoline pool generally comes from FCC 

gasoline. The FCC gasoline (or "naphtha") can be hydrotreated to remove sulfur. 

However, FCC gasoline tends to be oiefinic, and conventional hydrotreating can often 

result in too large of an octane loss, due to near complete olefin saturation. Selective 

hydrotreating processes have been developed, e.g., SCANfining, to maintain higher 

relative hydrodesulfurization with reduced (optimally minimal) olefin saturation, by a 

combination of specific catalyst and operation in a narrow range of optimized operating 

conditions. Since the operating window in SCANfining can tend to be narrow, any 

contaminants to the process can tend to be very significant in this technology. 

[0003] One potential source of contaminants into the hydrotreatment process can 

be from makeup hydrogen, typical ly from a steam-reforming hydrogen plant or from a 

catalytic reformer. It has been found that some of these streams can contain carbon 

monoxide in surprisingly high levels, which can act to suppress activity/selectivity in 

the FCC gasoline hydrotreating process, requiring higher required reactor temperatures 

to overcome this suppression. Carbon monoxide can also tend to buildup in the recycle 

gas system, such that the effective concentration in the reactor is higher than the 

concentration in the makeup hydrogen itself. Higher operating temperatures both 

narrow the operating window (resulting in lower cycle length) and saturate more olefins 

(resulting in higher octane loss). In order to prevent deactivation of the catalysts and/or 

reduction in the process hydrodesulfurization levels, in conventional SCANfining 

processes, the carbon monoxide contents of the naphtha feedstream, and particularly 
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the hydrogen gas streams, to the SCANfining reactor(s) have been maintained at target 

carbon monoxide levels to less than 5 vppm, 

[0004] Carbon dioxide can additionally be present in makeup hydrogen streams. 

CO2 generally has less effect itself, as most selective FCC gasoline HDS units have 

amine recycle gas scrubbers that remove CO2 in the recycle gas. However, it is known 

that some CO2 will be converted to CO over many hydrotreatment catalysts. 

[0005] Thus, it would be desirable to identify catalysts that are tolerant of carbon 

monoxide (and/or carbon dioxide) and/or that convert less carbon dioxide to carbon 

monoxide during the hydrotreatment process. Included below are methods of utilizing 

such catalysts in methods where carbon oxides are prevalent, in order to improve the 

effectiveness and/or efficiency of the methods, e.g., for making motor gasoline and 

perhaps other fuels/petroleum products as well. 

SUMMARY OF EMBODIMENTS OF THE INVENTION 

[0006] One embodiment of the invention relates to a method of hydrotreating an 

oiefinic naphtha feedstream in the presence of an increased carbon monoxide content, 

the method comprising: 

contacting a first oiefinic naphtha feedstream with a first hydrogen-containing 

treat gas stream in the presence of a first hydrotreating catalyst in a first hydrotreating 

reactor under first hydrotreating conditions sufficient to at least partially 

hydrodesulfurize and/or hydrodenitrogenate the first oiefinic naphtha feedstream to 

produce a first hydrotreated oiefinic naphtha product stream; 

wherein the first oiefinic naphtha feedstream and the first hydrogen-containing 

treat gas stream collective!)' have a carbon monoxide content of greater than 10 vppm; 

and 

wherein the first hydrotreating catalyst comprises cobalt and molybdenum 

disposed on a silica-based support, 

[1)007] Alternatively, the embodiment can further comprise wherein the first 

hydrotreating conditions are selected such that the first hydrotreating catalyst has a first 

relative hydrodesulfurization activity that is at least 10% greater than that of an 

identical catalyst under identical conditions except that the identical conditions include 
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a collective carbon monoxide content" of the first oiefinic naphtha feedstream and first 

hydrogen-containing treat gas being less than 10 vppm, 

[0008] In an embodiment, the first oiefinic naphtha feedstream is comprised of an 

FCC naphtha. In a preferred embodiment, the silica-based support comprises at least 

85 wt% silica. In another embodiment, the first hydrotreating catalyst has a cobalt 

content from about 2 wt% to about 7 wt%, measured as oxide and based on total weight 

of the catalyst, and a molybdenum content from about 7 wt% to about 25 wt%, 

measured as oxide and based on total weight of the catalyst. 

[0009] In another embodiment, the process further comprises contacting at least a 

portion of the first hydrotreated oiefinic naphtha product stream with a second 

hydrogen-containing treat gas stream in the presence of a second hydrotreating catalyst 

in a second hydrotreating reactor under second hydrotreating conditions sufficient to at 

least partial])' liydrodesulfurize and/or hydrodenitrogenate the first hydrotreated oiefinic 

naphtha product stream to produce a second hydrotreated oiefinic naphtha product 

stream. 

[0010] In alternate embodiments comprising both a first and a second 

hydrotreating catalyst, the second hydrotreating catalyst may have a cobalt content 

from about 0.1 wt% to about 5 wt%, measured as oxide and based on total weight of 

the catalyst, and a molybdenum content from about 1 wt% to about 10 wt%, measured 

as oxide and based on total weight of the catalyst. In yet other embodiments, the 

second hydrotreating catalyst may have an average pore volume between about 0.5 cc/g 

and about 1.5 cc/g and an average pore diameter in the range of about 60A to 200A. In 

other preferred embodiments, the second hydrotreating catalyst may be comprised of an 

alumina-based support wherein the alumina-based support contains at least 85 wt% 

alumina. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIGURE 1 shows a graph of catalytic hydrodesulfurization (HDS) activity 

versus days on oil for a hydrotreating catalyst according to the invention, relative to a 

conventional hydrotreating catalyst. At about 55 days on oil, the catalyst was subjected 

to a hydrogen treat gas containing about 15 vppm of carbon monoxide, as well as an 

oiefinic naphtha feedstream. At about 65 days on oil, the catalyst was subject to a 
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hydrogen treat gas containing about 50 vppm of carbon monoxide, as well as the 

oiefinic naphtha feedstream. At about 72 days on oil, the treat gas was changed to pure 

hydrogen with no measurable carbon monoxide content. 

[0012] FIGURE 2 shows a graph of catalytic conversion of carbon dioxide 

(present in the hydrogen treat gas stream in about 500 vppm) versus average reactor 

temperature for a hydrotreating catalyst according to an embodiment of the invention 

and for a conventional hydrotreating catalyst. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[1)013] One aspect of the invention relates to a method of hydrotreating an 

oiefinic naphtha feedstream in the presence of an increased carbon monoxide content. 

The hydrotreating method advantageously comprises contacting the oiefinic naphtha 

feedstream with a hydrogen-containing treat gas stream in the presence of a 

hydrotreating catalyst in a reactor (having a reactor inlet) under hydrotreating 

conditions sufficient to at least partially hydrodesulfurize, hydrodenitrogenate, and/or 

hydrodeoxygenate the oiefinic naphtha feedstream, 

[1)014] Advantageously in one embodiment, the combined oiefinic naphtha 

feedstream and the hydrogen-containing treat gas stream to the first 

hydrodesulfurization reactor can collectively have an increased carbon monoxide 

content (e.g., greater than 10 vppm). In one such embodiment, for example, the 

hydrogen-containing treat gas stream can have a carbon monoxide content from greater 

than 15 vppm, or greater than greater than 25 vppm, or even greater than 50 vppm. 

Additionally or alternately in such embodiments, the reactor inlet, through which the 

oiefinic naphtha feedstream and the hydrogen-containing treat gas stream collectively 

flow into the reactor, can see an average carbon monoxide concentration greater than 

10 vppm {e.g., the reactor inlet can see a carbon monoxide content from 10 vppm to 

500 vppm). Obviously, in the previous embodiment, the oiefinic naphtha feedstream 

and the hydrogen-containing treat gas stream collectively flowing through the reactor 

inlet indicates co-current reactor flow. However, countercurrent reactor flow, where 

the hydrogen-containing treat gas stream flows in the opposite direction from the 

oiefinic naphtha feedstream flowing through the reactor inlet, can be a possible 

alternative configuration. In such countercurrent configurations, particularly where the 
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increased carbon monoxide concentration is present predominantly in the hydrogen-

containing treat gas stream, the reactor inlet may generally not see average carbon 

monoxide concentrations above 10 vppm. 

[0015] Reactor/catalyst configurations of the embodiments of the invention 

herein can include, but are not limited to, a single hydrotreating reactor with a first 

hydrotreating catalyst as described, or alternatively, a single hydrotreating reactor 

containing both a first hydrotreating catalyst and a second hydrotreating catalyst 

wherein the two catalysts are in a "stacked configuration" within the single 

hydrotreating reactor, or alternatively, with two hydrotreating reactors arranged in 

series flow with a first hydrotreating catalyst in the first hydrotreating reactor and a 

second hydrotreating catalyst in the second hydrotreating reactor. The analysts and 

process conditions of the systems of the invention can be as further described herein. 

[0016] Oiefinic naphtha feedstreams to be bydroprocessed (hydrotreated) 

according to the methods of the present invention can contain levels of heteroatoms, 

such as sulfur, nitrogen, and/or oxygen, that are unsuitable for certain/desired uses, e.g., 

as fuel compositions and/or as blending streams for fuel compositions, and that can be 

appropriately improved through hydrotreatment. Though unsuitable levels of 

heteroatoms can vary, depending upon the heteroatom and upon the desired use of the 

feedstream material, the oiefinic naphtha feedstreams to be bydroprocessed 

(hydrotreated) according to the methods of the present invention can include, but are 

not limited to FCC naphtha, steam cracker naphtha, coker naphtha, visbreaker naphtha, 

and the like, and combinations thereof. 

[0017] Hydrogen-containing treat gas streams can advantageously contain enough 

hydrogen gas to (catalytically) effect a hydrodesulfurization and/or 

hydrodenitrogenation reaction, as necessary to remove the desired amount(s) of 

heteroatoms from the oiefinic naphtha feedstream. Almost all (catalytic) 

hydrotreatment reactions herein can occur when the treat gas stream contains at least 75 

vol% hydrogen gas, for example at least 80 vol%, at least 85 vol%, at least 90 vol%, at 

least 95 vol%, at least 96 vol%, at least 97 vol%, at least 98 vol%, at least 99 vol%, at 

least 99.5 vol%, at least 99.7 vol%, at least 99.8 vol%, or at least 99.9 vol%. 

Additionally, the treat gas stream can contain up to 100 vol% hydrogen gas, for 

example up to 99.99 vol%, up to 99,95 vol%, up to 99.9 vol%, up to 99.8 vol%, up to 
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99.7 vol%, up to 99.5 vol%, up to 99 vol%, up to 98 vol%, up to 97 vol%, up to 96 

vol%, up to 95 vol%, up to 90 vol%, up to 85 vol%, or up to 80 vol%. In alternate 

embodiments, which may occur in combination with specially designed hydrotreating 

catalysts, the amount of hydrogen gas in the treat gas stream can be lower than 75 

vol%. See, for example, commonly assigned co-pending U.S. Serial Nos. 12/836,771, 

12/869,393, and 12/878,351, the entire disclosures of which are hereby incorporated by 

reference herein. 

[1)018] Hydrotreating catalysts particularly useful in the methods according to the 

present invention are carbon monoxide-tolerant catalysts. Without being bound by 

theory, it is believed that catalysts having increased carbon monoxide tolerance can 

allow higher heteroatom removal (e.g., HDS and/or HDN) activity than for less CO-

tolerant catalysts in a CQ-containing atmosphere at similar reaction conditions, less 

severe conditions during a hydrotreatment method (e.g., because such carbon 

monoxide-tolerant catalysts can maintain activity with less deactivation in the presence 

of carbon monoxide more easily without increasing temperature, for instance), and/or 

can extend cycle length of a hydrotreatment process (e.g., again because such carbon 

monoxide-tolerant catalysts can maintain activity with less deactivation in the presence 

of carbon monoxide for longer time periods than more conventional, less CO-tolerant 

catalysts). Furthermore, carbon monoxide is a known suppressant of heteroatom 

removal activity in certain hydrotreatment catalysts, which can thus additionally reduce 

the selectivity of such hydrotreatment catalysts for heteroatom removal, for example in 

relation to hydrogenation of unsaturations (e.g., double bonds), in the oiefinic naphtha 

feedstream. Again without being bound by theory, it is believed that catalysts with 

improved carbon monoxide tolerance can additionally or alternate!)' allow better 

control of heteroatom removal selectivity, and thus better control of octane loss in 

naphtha/gasoline hydrotreatment, compared to less CO-tolerant catalysts, e.g., due to 

lower hydrogenation at similar heteroatom removal activity (such as with less severe 

reaction conditions and/or over longer times) and/or due to similar hydrogenation at 

higher heteroatom removal activity (such as with similar reaction conditions and/or 

over longer times). 

[0019] Such particularly useful CO-tolerant catalysts can include, but are not 

limited to, those comprising at least one metal from Group VIII of the Periodic Table of 
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the Elements (e.g., nickel and/or cobalt, preferably including cobalt) and at least one 

metal from Group VIB of the Periodic Table of the Elements (e.g., molybdenum and/or 

tungsten, such as molybdenum). The Group VIII/VIB metals can optionally be present 

in a bulk catalyst form, again optional!)' with no more than 25 wt% of a sufficient 

binder (e.g., silica, alumina, silica-alumina, titania, or the like, or a combination 

thereof). Alternately, and preferably, the Group VIII/VIB metals can be disposed on a 

support material. Exemplary support materials can include, but are not limited to, 

silica, alumina, silica-alumina, titania, or the like, or a combination thereof, for example 

non-alumina supports including at least silica. 

[0020] In a supported metals embodiment, the carbon monoxide-tolerant 

hydrotreating catalyst (or also referred to herein as the "first hydrotreating catalyst") 

preferably has a cobalt content from about 2 wt% to about 7 wt%, measured as oxide 

and based on total weight of the catalyst, and a molybdenum content from about 7 wt% 

to about 25 wt%, measured as oxide and based on total weight of the catalyst . The 

carbon monoxide-tolerant hydrotreating catalyst preferably comprises a silica-based 

support. By the term "silica based support" it is meant herein that the catalyst support 

contains at least 85 wt% silica based on the weight of the support. In preferred 

embodiments, the carbon monoxide-tolerant hydrotreating catalyst comprises a silica-

based support containing at least 90 wt%, or 95 wt%, silica. In preferred embodiments, 

the carbon monoxide-tolerant hydrotreating catalyst further comprises an average pore 

volume between about 0.6 cc/g and about 2.0 cc/g and an average pore diameter in the 

range of about 2G0A to 20G0A. In other embodiments, the carbon monoxide-tolerant 

hydrotreating catalyst can further comprise at least one organic additive or component. 

[0021] Typical (or "effective") hydrotreating conditions for an oiefinic naphtha 

feed can include one or more of a weight average bed temperature from about 225°C to 

about 400°C, a pressure from about 100 psig (about 0.7 MPa) to about 1500 psig (about 

10.3 MPa), an LHSV from about 0.2 hr"1 to about 20 hr"1, and a hydrogen treat gas rate 

from about 250 scf/bbl (about 43 Nm3mr) to about 10000 sct/'bb! (about 1700 
^ 3 Nm7m ). If is preferred that the effective hydrotreating conditions be selected such as 

to obtain an at least partially hydrodesulfurized and/or at least partially 

hydrodenitrogenated oiefinic naphtha product stream from the catalytic reactions 

thereof. 
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[0022] In a preferred embodiment, the hydrotreating conditions can be selected 

such that the carbon monoxide-tolerant hydrotreating catalyst can have a relative 

hydrodesulfurization (HDS) activity that is at least 10% greater (e.g., at least 15% 

greater, at least 20% greater, or at least 25% greater; additionally or alternately, up to 

75% greater, up to 50% greater, up to 40% greater, or up to 30% greater) than that of 

the identical catalyst under identical conditions with at least one of the following two 

exceptions: in situations where the ("first") oiefinic naphtha feedstream and the 

("first") hydrogen-containing treat gas stream collectively have a carbon monoxide 

content from 10 vppm to 100 vppm, the relative HDS activity should be compared to 

the situation in which the ("first") oiefinic naphtha feedstream and("first") hydrogen-

containing treat gas has a collective carbon monoxide content less than 10 vppm (for 

example less than 7 vppm, less than 5 vppm, less than 3 vppm, or less than 1 vppm); 

and similarly, in situations where the reactor inlet, through which the ("first") oiefinic 

naphtha feedstream and the ("first") hydrogen-containing treat gas stream collectively 

flowr into the reactor, saw an average carbon monoxide concentration greater than 10 

vppm, the relative HDS activity should be compared to the situation in which the 

reactor inlet sees a carbon monoxide content of less than 10 vppm (for example less 

than 7 vppm, less than 5 vppm, less than 3 vppm, or less than 1 vppm). 

[1)023] Relative HDS activity, as used herein, should be understood to be on a 

volumetric basis, based on a reference activity. For instance, a reference activity is 

based on a given volume of a reference catalyst at a certain set of hydrotreatment 

conditions (e.g., temperature, pressure, treat gas rate, etc.), and a volumetric relative 

HDS activity of a comparative catalyst/reaction (i.e., either of another catalyst at 

identical conditions or of the same catalyst at different conditions) can be expressed as 

a ratio of the volume of comparative catalyst necessary to attain the same heteroatom 

(e.g., sulfur) content in the hydrotreated product, relative to the reference 

catalyst/conditions, 

[0024] Another aspect of the invention relates to a method of hydroprocessing an 

oiefinic naphtha feedstream in the presence of an increased COx content. As used 

herein, the tenn "COx content," in reference to a stream, should be understood to mean 

the sum of carbon monoxide content plus the carbon dioxide content of that stream. 

The hydroprocessing method advantageously comprises contacting the oiefinic naphtha 
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feedstream with a hydrogen-containing treat gas stream in the presence of a 

combination of a first hydrotreating catalyst and a second hydrotreating catalyst in a 

reactor system (which may include only one reactor having a reactor inlet, or which 

may alternately include twro or more reactors such that the reactor system has an initial 

reactor inlet that is typically the first reactor inlet) under hydrotreating conditions 

sufficient to at least partially liydrodesulfurize and/or hydrodenitrogenate the oiefinic 

naphtha feedstream. 

[1)025] Advantageously in one embodiment, the oiefinic naphtha feedstream and 

the hydrogen-containing treat gas stream can collectively have a €Ox content from 15 

vppm to 550 vppm. In one such embodiment, for example, the hydrogen-containing 

treat gas stream can have a carbon dioxide content from 20 vppm to 500 vppm and/or a 

carbon monoxide content from 15 vppm to 50 vppm. Additionally or alternately in 

such embodiments, the reactor inlet or initial reactor inlet, through which the oiefinic 

naphtha feedstream and the hydrogen-containing treat gas stream collectively flow into 

the reactor, can see an average concentration of COx from 10 vppm to 550 vppm (e.g., 

the reactor inlet can see a carbon monoxide content from 10 vppm to 45 vppm and/or a 

carbon dioxide content from 15 vppm to 450 vppm). Obviously, in the previous 

embodiment, the oiefinic naphtha feedstream and the hydrogen-containing treat gas 

stream collectively flowing through the reactor inlet or initial reactor inlet indicates 

co-current reactor flow. However, countercurrent reactor flow, where the hydrogen-

containing treat gas stream flows in the opposite direction from the oiefinic naphtha 

feedstream flowing through the reactor inlet, can be a possible alternative 

configuration. In such countercurrent configurations, particularly where the increased 

COx concentration is present predominantly in the hydrogen-containing treat gas 

stream, the reactor inlet or the initial reactor inlet may generally not see average carbon 

monoxide concentrations above 5 vppm and/or average carbon dioxide concentrations 

above 15 vppm. 

[1)026] The first oiefinic naphtha feedstream, first hydrogen-containing treat gas 

stream, and first hydrotreating catalyst can all be similar to those described in the 

previous aspect of the invention, hereinabove. The second hydrotreating catalyst can 

generally be any conventional hydrotreating catalyst but, in one embodiment, can be a 

catalyst comprising cobalt and molybdenum on an alumina-based support. By the term 
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"alumina-based support" it is meant herein that the catalyst support contains at least 85 

wt% alumina based on the weight of the support. In preferred embodiments, the second 

hydrotreating catalyst comprises an alumina-based support containing at least 90 wt%, 

or 95 wt%, alumina. 

[0027] In an embodiment, the second hydrotreating catalyst has a cobalt content 

of about 0.1 to about 5 wt%, or even about 0.5 to about 3 wt%, of cobalt as measured as 

an oxide and based on the total weight of the catalyst, and a molybdenum content of 

about ! to about 10 wt%, or even about 3 to abou t 6 wt%, of molybdenum, as measured 

as an oxide and based on the total weight of the catalyst. In an embodiment, the second 

hydrotreating catalyst has an average pore volume between about 0.5 cc/g and about 

1.5 cc/g, or even 0.6 cc/g and about 1.0 cc/g, and an average pore diameter in the range 

of about 60.4 to 200A, or even 75A to 150A. 

[0028] Without being bound by theory, it is believed that catalysts having 

increased carbon monoxide tolerance can allow higher heteroatom removal (e.g., HDS, 

HDN, and/or HDO) activity than for less CO-tolerant catalysts in a CO~containing 

atmosphere at similar reaction conditions, less severe conditions during a 

hydrotreatment method (e.g., because such carbon monoxide-tolerant catalysts can 

maintain activity with less deactivation in the presence of carbon monoxide more easily 

without increasing temperature, for instance), and/or can extend cycle length of a 

hydrotreatment process (e.g., again because such carbon monoxide-tolerant catalysts 

can maintain activity with less deactivation in the presence of carbon monoxide for 

longer time periods than more conventional, less CO-tolerant catalysts). Furthermore, 

carbon monoxide is a known suppressant of heteroatom removal activity in certain 

hydrotreatment catalysts, which can thus additionally reduce the selectivity of such 

hydrotreatment catalysts for heteroatom removal, for example in relation to 

hydrogenation of unsaturations (e.g., double bonds), in the oiefinic naphtha feedstream. 

Again without being bound by theory, it is believed that catalysts with increased carbon 

monoxide tolerance can additionally or alternately allow better control of heteroatom 

removal selectivity, and thus better control of octane loss in naphtha/gasoline 

hydrotreatment, compared to less CO-tolerant catalysts, e.g., due to lower 

hydrogenation at similar heteroatom removal activity (such as with less severe reaction 

conditions and/or over longer times) and/or due to similar hydrogenation at higher 
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heteroatom removal activity (such as with similar reaction conditions and/or over 

longer times). Further without being bound by theory, it is believed that catalysts that 

are more CQx-tolerant, e.g., that can convert less carbon dioxide to carbon monoxide 

during the first hydrotreatment reaction, can cause a benefit not only from carbon 

monoxide-tolerance of the first hydrotreating catalyst itself but also from exposing the 

relatively carbon monoxide-intolerant second hydrotreating catalyst, which is going to 

later contact the effluent (at least partially hydrotreated product) from the hydrotreating 

zone/reactor, to a lower carbon monoxide content. Such lower CO content in the 

effluent can then thus result in higher activity of the second hydrotreating catalyst, less 

difficulty in maintaining a similar catalytic activity and/or cycle length, less severe 

conditions necessary in the reactor/zone containing the second hydrotreating catalyst, 

and/or increased cycle length of the second hydrotreating catalyst. 

[0029] Typically, the second hydrotreating catalyst can generally be a less carbon 

monoxide-tolerant catalyst than the first hydrotreating catalyst, e.g., can be a 

conventional hydrotreating catalyst. Such different hydrotreating catalysts can include, 

but are not limited to, those comprising at least one metal from Group VIII of the 

Periodic Table of the Elements (e.g., nickel and/or cobalt, preferably including cobalt) 

and at least one metal from Group VIB of the Periodic Table of the Elements (e.g., 

molybdenum and/or tungsten, such as molybdenum). The Group VIII/VIB metals can 

optionally be present in a bulk catalyst form, again optionally with no more than 25 

wt% of a sufficient binder (e.g., silica, alumina, silica-alumina, titania, or the like, or a 

combination thereof). Alternately, the Group VIII/VIB metals can be disposed on a 

support material. Exemplary support materials can include, but are not limited to, 

silica, alumina, silica-alumina, titania, or the like, or a combination thereof, for example 

including at least silica. 

[0030] Unlike with the first hydrotreating catalyst herein, the support of the 

second hydrotreating catalyst can, in some embodiments, include or be alumina. 

Further, in some embodiments, the second hydrotreating catalyst can have a cobalt 

content from about 0.1 wt% to about 5 wt%, measured as oxide and based on total 

weight of the catalyst, and a molybdenum content from about 1 wt% to about 10 wt%, 

measured as oxide and based on total weight of the catalyst. 
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[0031] According to the hydroprocessing methods of the present invention 

utilizing two or more catalysts, the first hydrotreating catalyst and the second 

hydrotreating catalyst can advantageously be oriented in the reactor system in a stacked 

configuration, such that the oiefinic naphtha feedstream and the hydrogen-containing 

treat gas stream can collectively contact the first hydrotreating catalyst before the 

second hydrotreating catalyst. As before, in such embodiments, the oiefinic naphtha 

feedstream and the hydrogen-containing treat gas stream collectively flowing through 

the reactor inlet (single reactor case) or the initial reactor inlet (multiple reactor case) 

indicates co-current flow. In such co-current flow schemes, the carbon monoxide-

tolerant (first) hydrotreating catalyst should be contacted first, as this catalyst can 

typically be more capable than the second hydrotreating catalyst of tolerating the higher 

CQX concentrations present at the (initial) reactor inlet, with the second hydrotreating 

catalyst thus being oriented furthest from the (initial) reactor inlet, 

[0032] However, countercurrent flow, where the hydrogen-containing treat gas 

stream flows in the opposite direction from the oiefinic naphtha feedstream flowing 

through the reactor inlet or the initial reactor inlet, can be a possible alternative 

configuration. In. such countercurrent configurations, it can be important to further 

characterize the source of the increased COx concentration, so that the appropriate 

configuration can be applied in the reactor system. For instance, in countercurrent 

configurations where the increased COx concentration is present predominantly in the 

hydrogen-containing treat gas stream, the reactor inlet or the initial reactor inlet may 

not see average carbon monoxide concentrations above 5 vppm and/or average carbon 

dioxide concentrations above 15 vppm, thus indicating a preference for the carbon 

monoxide-tolerant (first) hydrotreating catalyst to be disposed nearest the entry of the 

hydrogen-containing treat gas stream, e.g., away from the (initial) reactor inlet, with the 

second hydrotreating catalyst disposed furthest from the entry of the hydrogen-

containing treat gas stream, e.g., nearest the (initial) reactor inlet. Conversely, in 

countercurrent configurations where the increased CQX concentration is present 

predominantly in the oiefinic naphtha feedstream, the (initial) reactor inlet can 

generally see average carbon monoxide concentrations of at least 10 vppm and/or 

average carbon dioxide concentrations of at least 20 vppm, thus indicating a preference 

for the same configuration as in the co-current flow situation, with the first 
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hydrotreating catalyst being oriented nearest the (initial) reactor inlet and with the 

second hydrotreating catalyst being oriented furthest from the (initial) reactor inlet. 

[0033] In the hydroprocessing methods according to the present invention, the 

second hydrotreating conditions can be similar to the first hydrotreating conditions 

described herein. Further, in embodiments where the at least one other 

hydroprocessing catalyst is present within the same (a single) reactor, the second 

hydrotreating conditions generally will not vary much from the first hydrotreating 

conditions, notably even if there are independent conditional controls {e.g., 

temperature, pressure, etc.) for each reaction stage, because the housing within the 

same reactor can make it rather difficult to subject two different stacked catalysts to 

significantly different reaction conditions. However, in multiple reactor situations, the 

conditions surrounding the second hydrotreating catalyst can be similar to or markedly 

different from the first hydrotreating conditions, as noted herein. 

[0034] In a preferred embodiment, the hydrotreating conditions can be selected 

such that the carbon monoxide-tolerant (first) hydrotreating catalyst can have a relative 

hydrodesulfurization (HDS) activity that is at least 10% greater (e.g., at least 15% 

greater, at least 20% greater, or at least 25% greater; additionally or alternately, up to 

75% greater, up to 50% greater, up to 40% greater, or up to 30%) greater) than that of 

the identical catalyst under identical conditions with at least one of the following two 

exceptions: in situations where the oiefinic naphtha feedstream and the hydrogen-

containing treat gas stream collectively have a carbon monoxide content greater than 10 

vppm, the relative HDS activity should be compared to the situation in which the 

oiefinic naphtha feedstream and hydrogen-containing treat gas has a collective carbon 

monoxide content less than 10 vppm (for example less than 7 vppm, less than 5 vppm, 

less than 3 vppm, or less than I vppm); and, in situations where the reactor inlet, 

through which the oiefinic naphtha feedstream and the hydrogen-containing treat gas 

stream collectively flow into the reactor, saw an average carbon monoxide 

concentration greater than 10 vppm, the relative HDS activity should be compared to 

the situation in which the reactor inlet sees a carbon monoxide content of less than 10 

vppm (for example less than 7 vppm, less than 5 vppm, less than 3 vppm, or less than 1 

vppm). Additionally or alternately in this preferred embodiment, the hydrotreating 

conditions can be selected such that the carbon monoxide-tolerant hydrotreating 
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catalyst can convert at least 5% less carbon dioxide (e.g., at least 7% more, at least 8% 

more, or at least 10% more carbon dioxide; additionally or alternately, up to 75% less, 

up to 50% less, up to 40% less, up to 30% less, or up to 25% less carbon dioxide) to 

carbon monoxide than the at least one other hydroprocessing catalyst at the same 

hydrotreating conditions. The other hydroprocessing catalyst can be the 

hydroprocessing catalyst utilized as the second hydrotreating catalyst described herein. 

[0035] Additionally or alternately, the present invention includes one or more of 

the following embodiments. 

[0036] Embodiment 1. A method of hydrotreating an oiefinic naphtha feedstream 

in the presence of an increased carbon monoxide content, the method comprising: 

contacting a first oiefinic naphtha feedstream with a first hydrogen-containing 

treat gas stream in the presence of a first hydrotreating catalyst in a first hydrotreating 

reactor under first hydrotreating conditions sufficient to at least partially 

liydrodesulfurize and/or hydrodenitrogenate the first oiefinic naphtha feedstream to 

produce a first hydrotreated oiefinic naphtha product stream; 

wherein the first oiefinic naphtha feedstream and the first hydrogen-containing 

treat gas stream collectively have a carbon monoxide content of greater than 10 vppm; 

and 

wherein the first hydrotreating catalyst comprises cobalt and molybdenum 

disposed on a silica-based support. 

[1)037] Embodiment 2. The method of embodiment 1 wherein the first 

hydrotreating conditions are selected such that the first hydrotreating catalyst has a first 

relative hydrodesulfurization activity that is at least 10% greater than that of an 

identical catalyst under identical conditions except that the identical conditions include 

a collective carbon monoxide content of the first oiefinic naphtha feedstream and first 

hydrogen-containing treat gas being less than 10 vppm. 

[0038] Embodiment 3. The method of any previous embodiment wherein the 

first hydrotreating conditions are selected such that the first hydrotreating catalyst has a 

first relative hydrodesulfurization activity that is at least 20% greater than that of an 

identical catalyst under identical conditions except that the identical conditions include 

a collective carbon monoxide content of the first oiefinic naphtha feedstream and first 

hydrogen-containing treat gas being less than 10 vppm. 
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[0039] Embodiment 4. The method of any previous embodiment further 

comprising contacting at least a portion of the first hydrotreated oiefinic naphtha 

product stream with a second hydrogen-containing treat gas stream in the presence of a 

second hydrotreating catalyst in a second hydrotreating reactor under second 

hydrotreating conditions sufficient to at least partially hydrodesulfurize and/or 

hydrodenitrogenate the first hydrotreated oiefinic naphtha product stream to produce a 

second hydrotreated oiefinic naphtha product stream. 

[0040] Embodiment 5. The method of any of embodiments 1-3 further 

comprising contacting the first hydrotreated oiefinic naphtha product stream with a 

second hydrotreating catalyst, wherein the first hydrotreating catalyst and the second 

hydrotreating catalyst are in a stacked configuration within the first hydrotreating 

reactor such that the first hydrotreated oiefinic naphtha product stream contacts the 

second hydrotreating catalyst to produce a second hydrotreated oiefinic naphtha 

product stream which is withdrawn from the first hydrotreating reactor. 

[0041] Embodiment 6. The method of any previous embodiment wherein the 

first oiefinic naphtha, feedstream is comprised of an FCC naphtha. 

[0042] Embodiment 7. The method of any previous embodiment wherein the 

silica-based support comprises at least 85 wt% silica. 

[0043] Embodiment 8. The method of any previous embodiment wherein the 

first hydrogen-containing treat gas stream has a carbon monoxide concentration of 

greater than 15 vppm. 

[0044] Embodiment 9. The method of any previous embodiment wherein the 

first hydrotreating catalyst has a cobalt content from about 2 wt% to about 7 wt%, 

measured as oxide and based on total weight of the catalyst, and a molybdenum content 

from about 7 wt% to about 25 wt%, measured as oxide and based on total weight of the 

catalyst. 

[0045] Embodiment 10. The method of any previous embodiment wherein the 

first hydrotreating catalyst has an average pore volume between about 0.6 cc/g and 

about 2.0 cc/g and an average pore diameter in the range of about 200A to 2000A. 

[0046] Embodiment 11. The method of any previous embodiment wherein the 

first hydrotreating catalyst comprises at least one organic additive. 
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[0047] Embodiment 12. The method of any previous embodiment wherein the 

first oiefinic naphtha feedstream and the first hydrogen-containing treat gas stream 

collectively have a carbon monoxide content of greater than 15 vppm. 

[0048] Embodiment 13. The method of any previous embodiment wherein the 

first oiefinic naphtha, feedstream and the first hydrogen-containing treat gas stream 

collectively have a carbon monoxi de content of greater than 25 vppm. 

[0049] Embodiment 14. The method of any previous embodiment wherein the 

first oiefinic naphtha feedstream and the first hydrogen-containing treat gas stream 

collectively have a COx content from 15 vppm to 550 vppm. 

[1)050] Embodiment 15. The method of any one of embodiments 4-14 wherein 

the first hydrotreating catalyst converts at least 5% less carbon dioxide to carbon 

monoxide than the second hydrotreating catalyst at the same hydrotreating conditions. 

[0051] Embodiment 16. The method of any one of embodiments 4-15 wherein 

the second hydrotreating catalyst comprises cobalt and molybdenum disposed on an 

alumina-based support wherein the alumina-based support contains at least 85 wt% 

alumina. 

[0052] Embodiment 17. The method of embodiment 16 wherein the second 

hydrotreating catalyst has a cobalt content from about 0.1 wt% to about 5 wt%, 

measured as oxide and based on total weight of the catalyst, and a molybdenum content 

from about 1 wt% to about 10 wt%, measured as oxide and based on total weight of the 

catalyst. 

[0053] Embodiment 18. The method of embodiment 17 wherein the second 

hydrotreating catalyst has an average pore volume between about 0.5 cc/g and about 

1.5 cc/g and an average pore diameter in the range of about 60A to 200A, 

EXAMPLES 

Example 1 - Exposure to CO 

[0054] In Example 1, pilot plant testing was done to simulate conditions in a 

single stage refinery hydrotreating unit for SCANfining, or selective hydrofining of a 

variety of catalytic (FCC) naphtha feedstreams. FIG. ! shows hydrodesulfurization 

(HDS) activity data for a CoMo on silica supported hydrotreating catalyst, relative to an 

arbitrary hydrotreating catalyst baseline. The triangles in FIG. 1 indicate data using 
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CoMo-silica with two different heavy cat naphtha (HCN) feeds; the squares in FIG. 1 

indicate data using CoMo-silica with an intermediate cat naphtha (ICN) feed; and the 

circles in FIG. 1 indicate data using CoMo-siiica with a light cat naphtha (LCN) feed. 

Up to about 55 days on oi l in the pilot unit, -100% hydrogen gas wras used as the treat 

gas at approximately 515-535°F (about 268-279°C). a reaction pressure of about 230-

300 psig (about ! .6-2.1 MPag), an LH8V of about 4-10 hr"1, and a treat gas rate of 

about 1200-1800 scCbbl (about 200-310 Nm'Vm"'). At about 55 days on oil, the -100% 

hydrogen gas was switched to a hydrogen treat gas con taining about 15 vppm of carbon 

monoxide; at about 65 days on oil, the hydrogen treat gas was switched to contain 

about 50 vppm of carbon monoxide; then at about 72 days on oil, the treat gas was 

changed back to ~100% hydrogen with no measurable carbon monoxide content; and 

the pilot plant run ended at about 77 days on oil. 

[0055] Of particular interest on this graph is the increase in relati ve HDS activity 

of the CoMo-silica (compared to a conventional "baseline" supported CoMo alumina 

catalyst), when exposed to about 15-50 vppm carbon monoxide. This is highlighted by 

the jog lower in relative HDS activity after the carbon monoxide content was removed 

toward the end of the run. This data show approximately a 20-25% increase in relative 

HDS activity for the CoMo-silica (again, in comparison to a less CO-tolerant 

conventional CoMo-alumina catalyst) that disappeared when the CO was removed. As 

carbon monoxide is a known suppressant for heteroatom removal processes such as 

hydrodesulfurization, this relative increase in activity indicates a slower deactivation 

rate in the presence of CO, as compared to the less CO-tolerant hydrotreating catalyst. 

Example 2 - Exposure to CO? 

[0056] In Example 2, a comparison is made between two supported CoMo 

hydrotreating catalysts, a supported CoMo on silica and a supported CoMo on alumina, 

in a pilot plant study testing the effect of carbon dioxide on SCANfining of ICN 

product having the characteristics set forth in Table 1 below. 



WO 2012/129257 

- 18 -
PCT/US2012/029868 

Table 1 

Feedstock: Nsasfeer 
Soass* 
Desssiptioti 
API GRAVITY 53.6 
SULFUR, wppis* 14-17 
BROMINE NUMBER. &S.2 
MERCAPTAM SULFUR, wppm 
CCD. ''F 

213 

0 ; VOL** (ISF} OS 
5.0 VOL% 149 
10.0 YQIM 158 
30 0 VOL% 1SS 
50.0 VOL% 210 
70:0 VOL% 242 
mo VOIM 323 
95,0 VOL% 35® 
m.5 YOIM (FBF) 454 

[0057] Temperatures in the pilot study ranged from about 525°F (about 274°C) to 

about 550°F (288°C). In order to maintain a treat gas rate of about 2000 scfi'bbl (about 
- a _| 

340 Nm'/m'), the CoMo-silica pilot unit was exposed to an LHSV of about 3.3 hr" , and 

the CoMo-alumina pilot unit was exposed to an LHSV of about 2 hr"1 at about 230 psig 

(about 1.6 MPag). Pure hydrogen treat gas in each case was spiked with about 500 

vppm of carbon monoxide to test the inclination of each catalyst to form CO from CO?. 

[0058] FIG. 2 shows graphically the results of conversion versus average reaction 

temperature for CoMo-silica and CoMo-alumina. It can be seen that the CoMo-silica 

showed about 10-25% less conversion of CO2 into CO than the CoMo-alumina. 

Additionally, the CoMo-silica conversion level did not substantially change over the 

given temperature range, while the CoMo-alumina conversion level increased 

markedly. This finding indicates that the benefit of reduced CO make increases with 

the CoMo-silica at higher temperatures (more severe conditions). 

[0059] The principles and modes of operation of this invention have been 

described above with reference to various exemplary and preferred embodiments. As 

understood by those of skill in the art, the overall invention, as defined by the claims, 

can encompass other preferred embodiments not specifically enumerated herein, 
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CLAIMS: 

1. A method of hydrotreating an oiefinic naphtha feedstream in the presence of an 

increased carbon monoxide content, the method comprising: 

contacting a first oiefinic naphtha feedstream with a first hydrogen-containing 

treat gas stream in the presence of a first hydrotreating catalyst in a first hydrotreating 

reactor under first hydrotreating conditions sufficient to at least partially 

hydrodesulfurize and/or hydrodenitrogenate the first oiefinic naphtha feedstream to 

produce a first hydrotreated oiefinic naphtha product stream; 

wherein the first oiefinic naphtha feedstream and the first hydrogen-containing 

treat gas stream collectively have a carbon monoxide content of greater than 10 vppm; 

and 

wherein the first hydrotreating catalyst comprises cobalt and molybdenum 

disposed on a silica-based support. 

2. The method of claim 1, wherein the first hydrotreating conditions are selected 

such that the first hydrotreating catalyst has a first relative hydrodesulfiirization activity 

that is at least 10% greater than that of an identical catalyst under identical conditions 

except that the identical conditions include a collective carbon monoxide content of the 

first oiefinic naphtha feedstream and first hydrogen-containing treat gas being less than 

10 vppm. 

3. The method of any of claims 1 or 2, wherein the first oiefinic naphtha 

feedstream is comprised of ail FCC naphtha. 

4. The method of claim 3, wherein the silica-based support comprises at least 85 

wt% silica. 

5. The method of claim 4, wherein the first hydrogen-containing treat gas stream 

has a carbon monoxide concentration of greater than 15 vppm. 
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6. The method of claim 4, wherein the first hydrotreating catalyst has a cobalt 

content from about 2 wt% to about 7 wt%, measured as oxide and based on total weight 

of the catalyst, and a molybdenum content from about 7 wt.% to about 25 wt%, 

measured as oxide and based on total wei ght of the catalyst. 

7. The method of claim 6, wherein the first hydrotreating catalyst has an average 

pore volume between about 0.6 cc/g and about 2.0 cc/g and an average pore diameter in 

the range of about 200A to 2000A. 

8. The method of claim 7, wherein the first hydrotreating catalyst comprises at 

least one organic additive. 

9. The method of claim 8, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 15 vppm. 

10. The method of claim 9, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 25 vppm, 

11. The method of claim 2, wherein the first hydrotreating conditions are selected 

such that the first hydrotreating catalyst has a first relative hydrodesulfiirization activity 

that is at least 20% greater than that of an identical catalyst under identical conditions 

except that the identical conditions include a collective carbon monoxide content of the 

first oiefinic naphtha feedstream and first hydrogen-containing treat gas being less than 

10 vppm. 

12. The method of claim 1, further comprising contacting at least a portion of the 

first hydrotreated oiefinic naphtha product stream with a second hydrogen-containing 

treat gas stream in the presence of a second hydrotreating catalyst in a second 

hydrotreating reactor under second hydrotreating conditions sufficient to at least 

partially hydrodesulfurize and/or hydrodenitrogenate the first hydrotreated oiefinic 
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naphtha product stream to produce a second hydrotreated oiefinic naphtha product 

stream. 

13. The method of claim 2, further comprising contacting at least a portion of the 

first hydrotreated oiefinic naphtha product stream with a second hydrogen-containing 

treat gas stream in the presence of a second hydrotreating catalyst in a second 

hydrotreating reactor under second hydrotreating conditions sufficient to at least 

partially liydrodesulfurize and/or hydrodenitrogenate the first hydrotreated oiefinic 

naphtha product stream to produce a second hydrotreated oiefinic naphtha product 

stream. 

14. The method of any of claims 12 or 13, wherein the first oiefinic naphtha 

feedstream is comprised of an FCC naphtha. 

15. The method of claim 14, wherein the silica-based support comprises at least 85 

wt% silica. 

16. The method of claim 15, wherein the first hydrogen-containing treat gas stream 

has a carbon monoxide concentration of greater than 15 vppm , 

17. The method of claim 15, wherein the first hydrotreating catalyst has a cobalt 

content from about 2 wt% to about 7 wt%, measured as oxide and based on total weight 

of the catalyst, and a molybdenum content from about 7 wt% to about 25 wt%, 

measured as oxide and based on total weight of the catalyst. 

18. The method of claim 17, wherein the first hydrotreating catalyst has an average 

pore volume between about 0.6 cc/g and about 2.0 cc/g and an average pore diameter in 

the range of about 2QQA to 2QQQA. 

19. The method of claim 18, wherein the first hydrotreating catalyst comprises at 

least one organic additive. 
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20. The method of claim 19, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 15 vppm. 

21. The method of claim 20, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 25 vppm. 

22. The method of claim 19, wherein the second hydrotreating catalyst comprises 

cobalt and molybdenum disposed on an alumina-based support wherein the alumina-

based support contains at least 85 wt% alumina. 

23. The method of claim 22, wherein the second hydrotreating catalyst has a cobalt 

content from about 0.1 wt% to about 5 wt%, measured as oxide and based on total 

weight of the catalyst, and a molybdenum content from about 1 wt% to about 10 wt%, 

measured as oxide and based on total weight of the catalyst. 

24. The method of claim 23, wherein the second hydrotreating catalyst has an 

average pore volume between about 0.5 cc/g and about 1.5 cc/g and an average pore 

diameter in the range of about 60A to 200A. 

25. The method of claim 24, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a COx content from 15 

vppm to 550 vppm. 

26. The method of claim 24, wherein the first hydrotreating catalyst con verts at 

least 5% less carbon dioxide to carbon monoxide than the second hydrotreating catalyst 

at the same hydrotreating conditions. 

27. The method of claim 1, further comprising contacting the first hydrotreated 

oiefinic naphtha product stream with a second hydrotreating catalyst, wherein the first 

hydrotreating catalyst and the second hydrotreating catalyst are in a stacked 
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configuration within the first hydrotreating reactor such that the first hydrotreated 

oiefinic naphtha product stream contacts the second hydrotreating catalyst to produce a 

second hydrotreated oiefinic naphtha product stream which is withdrawn from the first 

hydrotreating reactor. 

28. The method of claim 27, wherein the first hydrotreating catalyst has a cobalt 

content from about 2 wt% to about 7 wt%, measured as oxide and based on total weight 

of the catalyst, and a molybdenum content from about 7 wt% to about 25 wt%, 

measured as oxide and based on total weight of the catalyst. 

29. The method of claim 28, wherein the first hydrotreating catalyst has an average 

pore volume between about 0.6 cc/g and about 2.0 cc/g and an average pore diameter in 

the range of about 200A to 2000A. 

30. The method of claim 29, wherein the first hydrotreating catalyst comprises at 

least one organic additive. 

31. The method of claim 30, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 15 vppm. 

32. The method of claim 31, wherein the first oiefinic naphtha feedstream and the 

first hydrogen-containing treat gas stream collectively have a carbon monoxide content 

of greater than 25 vppm. 

33. The method of claim 30, wherein the second hydrotreating catalyst comprises 

cobalt and molybdenum disposed on an alumina-based support wherein the alumina-

based support contains at least 85 wt% alumina. 

34. The method of claim 33, wherein the second hydrotreating catalyst has a cobalt 

content from about 0.1 wt% to about 5 wt%, measured as oxide and based on total 
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weight of the catalyst, and a molybdenum content from about ! wt% to about 10 wt%, 

measured as oxide and based on total weight of the catalyst. 

35. The method of claim 34, wherein the second hydrotreating catalyst has an 

average pore volume between about 0.5 cc/g and about 1.5 cc/g and an average pore 

diameter in the range of about 6C)A to 200A. 


