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IMPRoVED CATALYST ACTIYATION METHOD FOR SELECTIVE CAT 
. NAPHTHA HYDRODESULFURIZATION. 

FIELD OF THE· INVENTION 

The present invention relates to an improved catalyst activation process for 

olefinic naphtha hydrodesulfurization. This process maintains the sulfur removal 

activity of the catalyst while reducing the olefin saturation activity. 

BACKGROUND OF mE INVENTION 

Hydrotreating of petroleum feedstocks to remove heteroatoms, particularly 

sulfur, is critical to modern refiners in order to meet ever more demanding 

environmental regulations. A major source of air pollution worldwide is the exhaust 

from hundreds of millions ofmotorvehicles due to fuel combustion. Fuels· 

containing sulfur produce sulfur dioxide and other pollutants leading to a host of 

environmental concerns, such as smog and related health issues, acid rain leading to 

deforestation, water pollution, as well as other environmental problems. To help 

reduce or eliminate these environmental problems, the sulfur content of fuels has 

been, and will continue to be, restricted to increasingly smaller concentrations. 

Hydrodesulfurization is one of the :fundamental hydrotreating processes of 

the refining and petrochemical industries. The removal of feed sulfur by conversion 

to hydrogen sulfide is typicaUy achieved by reaction with hydrogen over non-noble 

metal sulfides, especially those of Co/Mo and Ni/Mo, at fairly severe temperatures 

and pressures to meet product quality specifications, or to supply a desulfurized 

stream to a subsequent sulfur sensitive process. 
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Some naphtha fractions contain oJefins. such as, for example. cracked 

naphthas or coker naphthas, which typically contain over about 20 wt.% olefins. At 

least a portion of the olefins are hydrogenated to saturated hydrocarbons during the 

hydrodesulfurization operation. Since the olefms are high octane components, for 

some motor fuel use, it is desirable to retain the olefms rather than to convert them 

to saturated compounds. Conventional fresh hydrodesulfurization catalyst have 

both hydrogenation and desulfurization activity. Hydrodesulfurization of cracked 

naphthas using conventional naphtha desulfurization catalysts under conventional 

startup procedures and under conditions required for sulfur removal, produces a 

significant loss of olefins through hydrogenation. This results in a lower grade fuel 

product which needs more refining, such as isomerization, blending, ·or other 

refining, to produce higher octane fuel, adding' significantly to production expenses. 

Selective hydrc>desulfurization to remove sulfur while minimizing 

hydrogenation of olefins and octane reduction by various techniques, such as 

selective catalysts, have been described. For example, U.S. Patent Nos. 4,132,632 

and 4, 140,626 disclose selective desulfurizaton of cracked naphthas by using 

specific catalysts h1:1ving particular amounts of Group VI and VIII metals on 

magnesia support. U.S. Patent No. 4,149,965 discloses a process for starting-up 

naphtha hydrodesulfurizaton using partially deactivated hydrotreating catalyst under 

relatively low pressure of less than 200 psig. The catalyst is partially deactivated 

using a substantially non-metals containing hydrocarbonaceous oil for a time 

ranging from about 10 hrs to about 20 days~ U.S. Patent No. 2,983,669 discloses a 

processes for treating petroleum having a high sulfur content using fractionation and 

hydrodesulfurization. It is suggested in this '669 patent that the 

hydrodesulfurization catalyst be onethat does not readily promote hydrogenation, 

such as a partially spent catalyst. 

. I 
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Hydrodesulfurization catalysts age, losing activity during use by collecting 

deposits of carbonaceous material and/or impurities, such as metals, from the treated 

feedstock. Eventually, with increased deposition, the catalyst is no longer able to 

provide effective hydrodesulfurization. The deactivated catalyst may be regenerated 

and reused; but is generally less effective than fresh catalyst by requiring higher 

temperature to give the desired activity and becoming deactivated more quickly than 

fresh catalyst. Although hydrodesulfurization catalysts can usually be repetitively 

regenerated, they eventually become irreversibly deactivated, or spent, essentially 

losing their intencled hydrodesulfurization utility. 

It is known to hydrodesulfurize an olefinic naphtha by adding a nitrogen 

compound to the feed in order to deactivate the catalyst for the hydrodesulfurization 

reaction. See U.S. Patent No. 2,913,405. 

It is also known to hydrotreat a straight run fuel oil at a pressure not greater 

than 150 psig and at a temperature from 400° to 500°F in the presence of a catalyst 

that had been employed in a prior hydrotreating process operated at a higher 

pressure than the pressure of the fuel oil hydrotreating step until the catalyst had 

been substantially permanently deactivated for the purpose of said high pressure 

process, as shown in U.S. Patent No. 3,870,626. 

Spent hydrodesulfurization catalysts have been used in hydrodesulfurization. 

For example, U.S. Patent No. 3,876,532 discloses a process for hydrodesulfurizing 

middle distillate, virgin oils using spent hydrotreating catalysts under extremely 

mild conditions to reduce acid and mercaptan content, to remove sulfur below 0.2 

wt.%. or 2.000 ppm. U.S. Patent No. 4.414.102 discloses the use of spent 

hydrodesulfurization catalyst to transform nitrogen- or oxygen-containing 

compounds to sulfur-containing compounds followed by mild hydrodesulfurization 
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treatment ·Also. U.s~ PatentNo~ :S.286,373 discloses a process for selectively 

hydrodesulfurizing naphtha by contacting the naphtha, which contains olefins and 

thiohydrocarbons, with hydrogen under vigorous hydrodesulfurization conditions in 

. the presence of essentially deactivated hydrodesulfurization catalyst which 

selectively produces hydrogen sulfide and desulfurized hydrocarbons and resulting 

in a relatively high olefin content • 

. Although some of the above processes have met with commercial success. 
.. . . . . 

there still remains a need in the art for improved activation process for cat naphtha 

desulfurization catalysts that do not require the use ofan additional deactivation 

step. 

SUMMARY OF THE INVENTION 

: In accordance with the present invention there is provided a process for the 

activation of a CoMo supported catalyst for the selective hydrodesulfurization of cat 

. , naphtha without saturating a significant amount of the olefins, which process 

, comprises: 

a) heating the catalyst to a temperature of about 350°F to about 450°F in an 

· effective amount of time, in the presence of hydrogen and hydrogen sulfide, and in 

the presence of virgin naphtha at an effective pressure such that the environment is 

not a reducing environment; 

b) holding the catalyst at 350°F to about 450°F for an effective amount of 

time so that at least 20% of the metals that will sulfide will sulfide; and 

c) further heating said catalyst to a temperature from about 550°F to 700°F in 

the presence of hydrogen and hydrogen sulfide and in the presence of virgin naphtha 

i I 
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and at an effective pressure such that the environment is non-reducing.· so that 

substantially all of the metals are sulfided. 

In a preferred embodiment of the present invention the temperature of step a) 

is obtained by ramping at a rate of about I OOF to about 80°F per hour. 

In another preferred embodiment of the present invention the total pressure is 

from about 200 to 400 psig. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure I is a plot of pilot plant data for the desulfurization of a cat naphtha 

versus days on oil using both a conventional catalyst activation procedure and the 

·catalyst activation procedure of the instant invention. 

Figure 2 is a plot of data showing olefin saturation for a cat naphtha using a 

conventional catalyst activation in a pilot plant and the catalyst activation procedure 

of the present invention in a commercial unit. 

Figure 3 is plot of data showing desulfurization of a cat naphtha in a stacked 

catalyst bed arrangement using a conventional catalyst activation procedure in a 

pilot plant, versus the catalyst activation procedure of the present invention in a 

commercial unit. 

Figure 4 is a plot of data showing olefin saturation of a cat naphtha in a 

stacked catalyst bed arrangement using a conventional catalyst activation procedure 

in a pilot plant, versus the catalyst activation procedure of the present invention in a 

commercial unit 
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DETAILED DESCRIPTION.OF IffE IJSYENTION 

This invention enables the ~elective hydrodesulfurization of a naphtha that 

contains significant amounts ofboth sulfur and olefins, while minimizing Joss in 

octane. Naphtha teedstocks suitabie for use in the present invention can comprise 

any one or more refinery streams boiling iJJ. the range from about 50°F to about 

450°F, at atmospheric pressure. The naphtha feedstock generally contains cracked 

naphtha which usually comprises fluid catalytic cracking unit naphtha (cat naphtha),· 

coker naphtha, hydrocracker naphiha, resid hydrotreater naphtha, debutanized 

natur.al gasoline (DNG), and gru;ol~e blending components from other sources 

wherein a naphtha boiling range stream.can be produced. Cat naphtha and coker 

naphtha are generaily :·more olefinfo ilapltth~ since they are products of catalytic 

and/or thermal cracking reactions, and are the more preferred streams for use in the 
:-:.: .. 

present invention.-

The naphtha feedstock. p~fe~bly a cracked naphth~ feedstock, generl'illy 

contains not oniy par~ffms. naphthenes, 'and aromatics, but also unsaturates. such as 

open-chain and cyclic olefins. diene$, and cyclic hydrocarbons with oJefinic side 

chains. The cracked naphtha feed~ock generally comprises an overaH olefins 

concentration ranging as high as about 60 wt.%, more typically about 5 wt.% to SO 

wt.%. and most typically from about 5 wt.% to about 40 wt.%. The cracked naphtha 

feedstock can comprise a diene concentration of as much as 15 wt.%. preferably 

from about 0.02 wt.% to about i 5 wt.%, and more preferably from about 0.02 to 5 

wt.%. based on the weight of the feedstock. High diene concentrations can result in 

a gasoline product with poor stability and color. The cracked naphtha· feedstock 

sulfur content will generally range from about 0.05 wt.% to about 0.7 wt.% and 

•I 
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more typicaUy from about 0.07 wt.% to about 0;5 wt.% based on the total weight of 

the feedstock. Nitrogen content will generally range from about 5 wppm to about 

500 wppm. and more typically from about 20 wppm to about 200 wppm; 

Any suitable naphtha bydrodesul:furization catalyst can be used in the 

practice of the present invention. Generally, such catalysts will be comprised of at 

least one Group VIII metal. selected from Ni and Co and at least one Group VI 

metal selected from Mo and W, and an inorganic support material. It is preferred 

for naphtha desulfurization that the Group VIII metal be Co and the Group VI metal 

be Mo. The concentration of metal will typically be from about 2 to 60 wt.%, 

preferably from about 5 to 50 wt.%, and more preferably from about 8 to 40 wt.%. 

The ratio of Group VIII metal to Group VI metal will typically be from about 0.5: l 

to about 100:1~ preferably from about 1 :1 to about 20:1; and more preferably from 

about 0.6:1 to about 10:1. The surface area, pore volume, grain size, skeletal or 

grain density, for, and other characteristics of the catalyst may be any effective, 

including known type or amount. Illustrative catalysts are presented in the Oil and 

Gas Journal, dated Oct. 14, 1991 on pages 43 to 78, which is incorporated herein by 

reference. 

A particularly preterred catalyst is one having properties which include: (a) a 

Mo03 concentration of about 1to10 wt.%, preferably about 2 to 8 wt.%. and more 

preferably about 4 to 6 wt.%, based on the total weight ofthe catalyst; (b) a CoO 

concentration of about 0.1to5 wt.%. preferably about 0.5 to 4 wt.%. and more 

preferably about l to 3 wt.%. also based on the total weight of the catalyst: (c) a 

Co/Mo atomic ratio of about 0.1 to about 1.0, preferably from about 0.20 to about 

0.80, more preferably from about 0.25 to about 0.72; (d) a median pore diameter of 

about 60A to about 200A. preferably from about 75A to about l 75Aand more 
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preferably from about 80A to about l SOA: ( e) a Mo03 surface concentration of 

about 0.5 x J0-4 to about 3 x 101 g. Mo()lm2, preferably about 0.75x104 to about 

2.5 x 104
, more preferably from about l x 10~ to about 2x ·104

; and (t) an average 

particle size diameter ofless than 2.0 mm, preferably less than about 1.6 m~ more 

preferably less than about l.4 ~m. and most preferably as small as.practical for a 
. . . . . . . 

commercial hydrodes~lfurization process unit. The most preferred catalysts will also 

have a high dep of metal suifide edg~ plane area as ~easured by the Oxygen 

Chemisorption Test described ·in "Structure and Properties of Molybdenum Sulfide: 

Correlation of02 Ch~misorption With Hydrodesulfurization Activity", S.J. Tauster 
. :· . : : . 

et al., Journal of Catalysis 63, pp Sl5•519 (19SO), which is incorporated herein by 

reference. The oXygen Chemisorpti~n-Test ·involves. edge-plane area 

measurements m~ "1h~in pulses of ~xygen' are added to a carrier gas stream and 

thus raptdly travers~ the.catalyst b~d.· For example, the oxygen chemisorption will 
' ' 

be from about 800 to. 2,8.00, preferably from about 1,000 to .2,200, and more 

preferably from about.1,200 to2,000:µDio1.oxygen/gram Mo03• The terms 

hydrotreating: and hydrodesulfurization are sometimes. used interchangably in this 

document. 

The hydrogen may be provided as substantially pure hydrogen gas or may 

contain inert or oth~r 'gases, including light hydrocarbons. Any hydrogen not 

consumed during the reaction may be recycled for reuse. The hydrogen is generally 

provided as hydrogen-containing gas with a major amount of, over half up to nearly 
' ' 

pure, hydrogen gas with the bafance being inert or hydroacarbonacoues ·gases. The 
' ' 

amount of hydrogen used may be any amount effective for hydr~desulfurization to 

occur. Typically, hydrogen is added for coritinuo\ls reactions at a treat gas ratio of 

from about 500 scf7B to about 5,000 sct7B, preferably from.about 1,200 scf7B to 

about 3.000 scf7B. wherein scf7B means standard cubic feet per barrel. 

'I 
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The present invention is practiced by first heating the catalyst to a first end 

temperature of about JSO°F to about 450oP in an atmosphere containing hydrogen 

and hydrogen sulfide at a concentration that will provide a non-reducing 

environment. The heating to this first end temperature is conducted in an effective 

amount of time. That is by ramping the temperature at a rate such that a non­

reducing sulfiding environment is maintained. This heating rate will typically be 

from about lO°F/hr to about 80°Flhr, preferably from about 30°F/hr to about 60°F 

per hour. This heating will be conducted in a hydrogen/hydrogen sulfide 

environment, in the presence of virgin naphtha. and at an effective pressure. That is, . 

at a pressure that will also maintain a non-reducing sulfiding environment. Typical 

pressures will be from about 200 to 400 psig total pressure, preferably about 250 to 

350 psig total pressure. By virgin naphtha we mean a naphtha that preferably comes 

directly from a pipe still and thus is not a cracked naphtha from a downstream 

process unit. Virgin naphthas are typically substantially sulfur and olefin free. The 

sulfur content of a virgin naphtha will usually be from about l 00 to about 1,000 

wppm, have a nitrogen content from about 0.1 wppm to 50 wppm, and containing 

substantiaJly no olefins. 

The catalyst will be held at this first end temperature for an effective amount 

of time. That is, for a time sufficient to sulfide at least about 20% of the metal of 

said catalyst. This holding period will typically be from about 2 hours to about 24 

hours, preferably·from about· 5 hours to about 15 hours. 

The catalysi after said holding period, will be heated to a second end 

temperature at an effective heating rate. This second heating will also be in the 

presence of a hydrogen/hydrogen sulfide environment and also in the presence of a 

virgin naphtha. The heating rate and the total pressure will be such that a non-
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reducing sulfiding environment is maintained. The h~ating rate and the total 

pressure will be within the ranges given for heating to the first end temperature. 

The catalyst will be held at this ~epond end temperature also for an effective amount 

of time. This effective amount pf :time will be for a time sufficient to allow 

substantially complete sulfiding of th~ c~~~lytic metals of said catalyst. 

This inventio~ will be furth~ understood by the following examples, which 

are presented for illustrative purposes and.are not to be limiting in any way. 

Example! 

A commercially prepare~ r~ference batch of catalyst available.from 
. : . . . . ·. : ·~ . : '· . : 

Criterion under the name C-447 was used in this test. The catalyst (C-447) was 
·. . . : . ·. ·. . . 

comprised of 15.3 wt.% Mo03, 4.32 wt% CoO on an alumina support. The catalyst 

was tested in a commercially available 1.6.mm trilobe size. The improved 

activation method of this invention was p~formed in-situ with a 10· mole% H2S/H2 . . 

gas blend (384 sct7B gas rate) and a virgin light naphtha which is low in sulfur 

(about 200 wppm), and nitrogen (about 0.1 Wj)pm) and olefins (substantially none), 

for approximately 14 hrs at two holding temperatures, 400 (gas/liquid mixed phase 

and 650°F (all vapor phase) with-reactor. pressure of 300 psig. The reactor was then 

cooled to 250°F before the introcluction of the cat naphtha feed. The test was 

performed in an isothermal, downflow, all vapor-phase pilot plant. The activity test 

used an intennediate/heavy cat naphtha feed with a 162-475°F boiJing range. 1850 

wppm total sulfur. and 26 bromine number. Catalyst volume loading was 20 cubic 

centimeters. Reactor conditions were 500°F. 2600 scti'B, 100% hydrogen treat gas 

and 300 psig total inlet pressure. Space velocity was held constant at 6.5 LHSV. 

HOS levels ranged between 97.4 and 96.1% and olefin saturation between 46.7 and 

•I 
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40.2%. For comparison. a conventional type of activation of the same batch of C-

447 was performed in-situ with a 10 mole% H2SIH2 gas blend (0.85 scf7hr gas rate) 

for approximately 14 hrs at two holding temperatures, 450 and 7000F with reactor 

pressure of30 psig. After cooling to 200°F, other parameters were kept the same as 

the improved activation method of this invention. Figure I hereof, shows that the 

improved activation method of this invention preserves catalyst activity for 

desulfurization of the intermediate/heavy cat naphtha. Figure 2 hereof shows that 

the improved activation method of the this invention reduces olefin saturation 

activity. Table I hereof summarizes the benefit from the improved activation 

method of this invention. 

Example2 

A pilot plant containing a stacked catalyst bed was used. The lower most. or 

downstream most catalyst bed contained the C-447 catalyst (Catalyst B) as 

described in Example I above. The upper most, or upstream catalyst bed contained 

a catalyst (Catalyst A) comprised of about 1.2 wt.% CoO, 4.5 wt.% Mo03 on an 

alumina support and having a median pore diameter of about 87 A. The ratio of each 

catalyst to each other was about 50/50. This stacked cataly~ bed was activated by 

the same conventional type procedure as recited in Example l above. 

For comparison. a commercial process unit containing a stacked bed of the 

catalyst set forth above. except the ratio was Cat A/Cat B of 40/60. The activation 

of this stacked bed of catalyst was performed in-situ starting with a 0.5 mole% 

H2SIH2 gas blend (3,500 scf/B) and a virgin naphtha (20, 000 barrels). The stacked 

bed of catalyst was heated to a temperature of 400°F at a rate of 10 to 15°F per hour 

and held at that temperature (all vapor phase) at a reactor pressure of about 300 psig 

until breakthrough ofl-128 was observed. The H2S concentration in the treat gas was 
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then increased to. l .O to 1.5 mole% in hydrogen and the reactor temperature 

increased to 590°F (all vapor phase). After breakthrough of H2S was observed, the 

reactor was cooled to 400°F and an intermediate/heavy cat naphth~ as described 

above was introduced. Figure 3 hereof shows comparable commercial andpilot 

·plant sulfur removal activities .. Also, Figure 4. hereof, shows lower olefin 

hydrogenation activity for the commercial feedstock using the improved activation 

method of the presently claimed invention, and Table 2 hereof shows a summary of 

the benefit of the activation method of this invention. 

•I 
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* C L M S * 

CLAIMS: 

1. A process for the activation of a CoMo supported catalyst for the selective 

hydrodesulfurization of naphtha feedstock containing significant amounts of sulfur 

and olefins, without saturating a significant amount of the oJefins, which process 

comprises: 

a) heating the catalyst to a temperature of about 350°F to about 4SO°F 

in an effective amount of time, in the presence of hydrogen and hydrogen sulfide, 

and in the presence of virgin naphtha at an effective pressure such that the 

environment is not a reducing environment; 

b) holding the catalyst at 3 SO°F to about 4500f for an effective amount 

of time so that at least 20% of the metals that will sulfide will sulfide; and 

c) further heating said catalyst to a temperature from about 550°F to 

7000F in the presence of hydrogen and hydrogen sulfide and in the presence of 

virgin naphtha and at an effective pressure such that the environment is non­

reducing, so that substantially all of the metals are sulfided. 

2. The process of claim 1 wherein the naphtha feedstock is a cracked 

naphtha feedstock and contains about 5 wt.% to about 50 wt.% olefins. 

3. The process of claim 2 wherein the naphtha feedstock has a diene 

concentration of about 0.02 to 15 wt.%. 

4. The process of claim 1 wherein the temperature of step a) is reached by 

heating at a rate of about 10°F to about 80°F per hour. 
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5. The process of claim 1 wherein the total pressure if from about 200 to 400 

psig. 

6. The process of claim 1 wherein the temperature of step a) is reached by 

heating at a rate of about 30 to 60°F per hour at a total pressure of about 250 to 350 

psig. 

7 .. The process of claim 2 wherein the naphtha feedstock is a cat naphtha and 

contains a sulfur concentration of about 0.05 to 0.7 wt.%, based on the total weight 

·or the naphtha. 

8 .. The process of claim 7 wherein ~e naphtha is selected from the group 

consisting of cat naphtha, coker naphtha .. hydrocracker naphtha, resid, and 
~. . . ·' . . 

hydrotreater naphtha. 

9. The pr.ocess of cJaim l wherein the virgin naphtha used in step (a) 

contains about 100 wppm to aboutl,000 wppm sulfur and substantially no olefins. 

'I 


