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(57) ABSTRACT 

Aprocess for hydroprocessing liquid petroleum and chemi 
cal streams in tWo or more hydroprocessing stages Wherein 
the liquid and vapor products from the ?rst stage are sent to 
a separation Zone Wherein a liquid phase fraction is sepa 
rated from a vapor phse fraction Which contains vaporized 
heary hydrocarbon components. The vapor phase fraction is 
passed to a sorption Zone Wherein at least a portion of the 
heavy hydrocarbon components is removed. Both the liquid 
phase fraction and the sorbed heavy hydrocarbon compo 
nents are sent to at least one additional hydroprocessing 

stage. 
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MULTI-STAGE HYDROPROCESSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation-in-part of US. Ser. No. 
09/457,437 ?led Dec. 7, 1999, Which Was based on Provi 
sional Application 60/111,176 ?led on Dec. 7, 1998. 

BACKGROUND OF THE DISCLOSURE 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a process for 
hydroprocessing liquid petroleum and chemical streams in 
tWo or more hydroprocessing stages Wherein the liquid and 
vapor products from the ?rst stage are sent to a separation 
Zone Wherein a liquid phase fraction is separated from a 
vapor phse fraction Which contains vaporiZed heary hydro 
carbon components. The vapor phase fraction is passed to a 
sorption Zone Wherein at least a portion of the heavy 
hydrocarbon components is removed. Both the liquid phase 
fraction and the sorbed heavy hydrocarbon components are 
sent to at least one additional hydroprocessing stage. 

[0004] 2. Background of the Invention 

[0005] As supplies of lighter and cleaner feedstocks 
dWindle, the petroleum industry Will need to rely more 
heavily on relatively high boiling feedstocks derived from 
such materials as coal, tar sands, oil-shale, and heavy crudes. 
Such feedstocks generally contain signi?cantly more unde 
sirable components, especially from an environmental point 
of vieW. Such undesirable components include halides, 
metals and heteroatoms such as sulfur, nitrogen, and oXygen. 
Furthermore, speci?cations for fuels, lubricants, and chemi 
cal products, With respect to such undesirable components, 
are continually becoming tighter. Consequently, such feed 
stocks and product streams require more severe upgrading in 
order to reduce the content of such undesirable components. 
More severe upgrading, of course, adds considerably to the 
eXpense of processing these petroleum streams. 

[0006] Hydroprocessing, Which includes hydroconver 
sion, hydrocracking, hydrotreating, and hydroisomeriZation, 
plays an important role in upgrading petroleum streams to 
meet the more stringent quality requirements. For eXample, 
there is an increasing demand for improved heteroatom 
removal, aromatic saturation, and boiling point reduction. 
Much Work is presently being done in hydrotreating because 
of greater demands for the removal of heteroatoms, most 
notably sulfur, from transportation and heating fuel streams. 
Hydrotreating, or in the case of sulfur removal, hydrodes 
ulfuriZation, is Well knoWn in the art and usually requires 
treating the petroleum streams With hydrogen in the pres 
ence of a supported catalyst at hydrotreating conditions. The 
catalyst is typically comprised of a Group VI metal With one 
or more Group VIII metals as promoters on a refractory 
support. Hydrotreating catalysts that are particularly suitable 
for hydrodesulfuriZation and hydrodenitrogenation gener 
ally contain molybdenum or tungsten on alumina promoted 
With a metal such as cobalt, nickel, iron or a combination 
thereof. Cobalt promoted molybdenum on alumina catalysts 
are most Widely used for hydrodesulfuriZation, While nickel 
promoted molybdenum on alumina catalysts are the most 
Widely used for hydrodenitrogenation and aromatic satura 
tion. 
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[0007] Much Work is being done to develop more active 
catalysts and improved reaction vessel designs in order to 
meet the demand for more effective hydroprocessing pro 
cesses. Various improved hardWare con?gurations have 
been suggested. One such con?guration is a countercurrent 
design Wherein the feedstock ?oWs doWnWard through suc 
cessive catalyst beds counter to up?oWing treat gas, Which 
is typically a hydrogen containing treat-gas. The doWn 
stream catalyst beds, relative to the How of feed can contain 
high performance, but otherWise more sulfur sensitive cata 
lysts because the up?oWing treat gas carries aWay heteroa 
tom components such as HZS and NH3 that are deleterious 
to the sulfur and nitrogen sensitive catalysts. While such 
countercurrent reactors have commercial potential, they 
never the less are susceptible to ?ooding. That is, Where 
up?oWing treat gas and gaseous products impede the doWn 
Ward How of feed. 

[0008] Other process con?gurations include the use of 
multiple reaction stages, either in a single reaction vessel, or 
in separate reaction vessels. More sulfur sensitive catalysts 
can be used in doWnstream stages, as the level of heteroatom 
components becomes successively loWer. European Patent 
Application 932001654 teaches a tWo-stage hydrotreating 
process performed in a single reaction vessel, but there is no 
suggestion of a unique stripping arrangement for the liquid 
reaction stream from each reaction stage. 

[0009] As discussed above, it is at times advantageous to 
conduct hydroprocessing in a tWo-stage operation Where the 
combined liquid/vapor product from the ?rst reactor is 
separated and the liquid combined With clean treat gas is 
passed to a second reaction stage. There is hoWever a 
problem associated With the separated vapor phase product 
stream produced from the liquid/vapor separation step. This 
vapor phase, Which Will typically contain signi?cant 
amounts of vaporiZed hydrocarbon including a high boiling 
tail. The entire hydrocarbon portion, but particularly the hig 
boiling, or heavy tail, may require additional hydroprocess 
ing to meet product quality speci?cations; this additional 
hydroprocessing may be very difficult and expensive to 
accomplish. An eXample of particular commercial interest at 
this time is the tWo-stage hydrotreating of diesel fuel to meet 
legislated reductions in sulfur levels from the current speci 
?cation of 500 Wppm doWn to 50 Wppm. 

[0010] While there is a substantial amount of art relating 
to hydroprocessing catalysts, as Well as process designs, 
there still remains a need in the art for process designs that 
offer further improvement. 

SUMMARY OF THE INVENTION 

[0011] In accordance With the present invention there is 
provided a tWo stage process for hydroprocessing a hydro 
carbonaceous feedstock Which process comprises: 

[0012] (a) reacting said feedstock in a ?rst reaction 
stage in the presence of a hydrogen-containing treat 
gas, said reaction stage containing one or more 
reaction Zones operated at hydroprocessing condi 
tions Wherein each reaction Zone contains a bed of 
hydroprocessing catalyst; 

[0013] (b) passing the resulting product stream to a 
separation Zone Wherein a vapor phase fraction and 
a liquid phase fraction are produced, Which vapor 
phase fraction contains vaporiZed high boiling 
hydrcarbon components; 
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[0014] (c) conducting at least a portion of said vapor 
phase fraction to a sorption Zone wherein it is 
contacted With a sorption agent that is at a tempera 
ture less than that of said vapor phase fraction, 
thereby sorbing at least a portion of the vaporiZed 
high boiling hydrocarbon components from the 
vapor phase fraction; 

[0015] (d) conducting said liquid phase fraction to a 
second reaction stage in the presence of a hydrogen 
containing treat gas, said reaction stage containing 
one or more reaction Zones operated at hydropro 
cessing conditions Wherein each reaction Zone con 
tains a bed of hydroprocessing catalyst; and 

[0016] e) collecting the hydroprocessed product 
stream for said second reaction stage. 

[0017] In preferred embodiments of the present invention 
the vapor phase fraction can be treated by: partial 
condensation of the vapor phase stream, (ii) usage of a 
contacting device With partial condensation and re?ux to 
achieve multiple vapor liquid equilibrium stages, (iii) con 
tacting the vapor phase stream With a heavy liquid stream, 
and (iv) a dephlegmator. 

[0018] In another preferred embodiment of the present 
invention the contacting With vapor phase fraction is con 
tacted With the sorption agent in a trayed or packed device 
to result in multiple vapor liquid equilibrium stages. 

[0019] In yet another preferred embodiment of the present 
invention the sorption agent is a cooled heavy liquid liquid 
product from step 

BRIEF DESCRIPTION OF THE FIGURE 

[0020] The FIGURE hereof shoWs multiple reaction ves 
sels of the present invention shoWing separation of the liquid 
phase product from the vapor phase product and further 
processing of the liquid phase product stream. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0021] Feedstocks suitable for use in such systems include 
those ranging from the naphtha boiling range to heavy 
feedstocks, such as gas oils and resids. Typically, the boiling 
range Will be from about 40° C. to about 1000° C. Non 
limiting examples of such feeds Which can be used in the 
practice of the present invention include vacuum resid, 
atmospheric resid, vacuum gas oil (VGO), atmospheric gas 
oil (AGO), heavy atmospheric gas oil (HAGO), steam 
cracked gas oil (SCGO), deasphalted oil (DAO), and light 
cat cycle oil (LCCO). 

[0022] Non-limiting examples of hydroprocessing pro 
cesses Which can be practiced by the present invention 
include the hydroconversion of heavy petroleum feedstocks 
to loWer boiling products; the hydrocracking of distillate, 
and higher boiling range feedstocks; the hydrotreating of 
various petroleum feedstocks to remove heteroatoms, such 
as sulfur, nitrogen, and oxygen; the hydrogenation of aro 
matics; the hydroisomeriZation and/or catalytic deWaxing of 
Waxes, particularly Fischer-Tropsch Waxes; and the demet 
allation of heavy streams. Ring-opening, particularly of 
naphthenic rings, can also be considered a hydroprocessing 
process. 
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[0023] The practice of the present invention is applicable 
to all liquid-vapor countercurrent re?nery and chemical 
processes. Feedstocks suitable for use in the practice of the 
present invention include those ranging from the naphtha 
boiling range to heavy feedstocks, such as gas oils and 
resids. Typically, the boiling range Will be from about 40° C. 
to about 1000° C. Non-limiting examples of such heavy 
feedstocks include vacuum resid, atmospheric resid, vacuum 
gas oil (VGO), atmospheric gas oil (AGO), heavy atmo 
spheric gas oil (HAGO), steam cracked gas oil (SCGO), 
deasphalted oil (DAO), and light cat cycle oil (LCCO). The 
feedstock can also be a Fischer-Tropsch reactor product 
stream. 

[0024] The process of the present invention can be better 
understood by a description of a preferred embodiment 
illustrated by the FIGURE hereof. The current invention 
offers an improvement over the prior art by use of a step to 
remove the heavy tail from the vapor stream and route it to 
second stage hydroprocessing (or another disposition) Where 
it can more efficiently be processed. The term “heavy tail’ as 
used herein means that portion of the vapor phase fraction 
that is composed of heavy hydrocarbon components that 
typically boil in excess of about 315° C., preferably in 
excess of about 345° C. The vapor phase fraction, because 
of the presence of this heavy tail, typically contains too high 
a level of sulfur to be blended into the ?nal product. The 
majority of the sulfur present in the vapor phase fraction can 
be found in the heavy tail. Not only does the high sulfur 
content of this heavy tail prevent the vapor phase fraction 
from being blended into the ?nal product, but they Would 
normally require the presence of a third hydroprocessing 
stage to remove them because of their high boiling points. 
Removal of this heavy tail Will thus alloW the vapor product 
to be further processed much more easily or may even alloW 
it to be blended into the ?nal product Without further 
processing. For purposes of discussion, the reaction stages 
Will be assumed to be hydrotreating stages, although they 
can just as Well be any of the other aforementioned types of 
hydroprocessing stages. Miscellaneous reaction vessel inter 
nals, valves, pumps, thermocouples, and heat transfer 
devices etc. are not shoWn in either ?gures for simplicity. 
The FIGURE hereof shoWs reaction vessel R1a that contains 
reaction Zones10a and 10b, each of Which is comprised of a 
bed of hydroprocessing catalyst. It is preferred that the 
catalyst be in the reactor as a ?xed bed, although other types 
of catalyst arrangements can be used, such as slurry or 
ebullating beds. Upstream of each reaction Zone is a non 
reaction Zone 12a and 12b. The non-reaction Zone is typi 
cally void of catalyst, that is, it Will be an empty section in 
the vessel With respect to catalyst. There may also be 
provided a liquid distribution means LD upstream of each 
reaction stage. The type of liquid distribution means is 
believed not to limit the practice of the present invention, but 
a tray arrangement is preferred, such as sieve trays, bubble 
cap trays, or trays With spray noZZles, chimneys, tubes, etc. 

[0025] The feedstream is fed to reaction vessel R1 via line 
14 along With a hydrogen-containing treat gas via line 16. 
The feedstream and hydrogen-containing treat gas pass, 
cocurrently, through the one or more reaction Zones of 
reaction vessel R1, Which represents the ?rst hydroprocess 
ing stage. Acombined liquid phase product stream and vapor 
phase product stream exit reaction vessel R1 via line 18 and 
into separation Zone S Wherein a liquid separated from a 
vapor phase fraction. The liquid phase fraction Will typically 
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be one that has components boiling in the range from about 
150° C. to about 345° C. The vapor phase fraction Will 
contain lighter components, but it Will also contain a sig 
ni?cant amount of higher boiling hydrocarbon components. 
These higher boiling components Will boiling in the range of 
315° C. or greater, even in the range of 345° C. or greater. 

[0026] The vapor phase fraction is passed to sorption Zone 
ST via line 20 Wherein it is contacted With a sorption agent 
STA that removes at least a portion, preferably substantially 
all, of the high boiling hydrocarbon component. Non-limit 
ing eXamples of sorption agents suitable for use here include 
heavy boiling range streams, such as gas oils and resids. 
Such streams Will typically boil in the range of about 530° 
C. to about 950° C. Non-limiting eXamples of such steams 
inlcude vaccum resid, atmospheric resid, vacuum gas oil 
(VGO), atmospheric gas oil (AGO), heavy atmospheric gas 
oil (HAGO), steam cracked gas oil (SCGO), deasphalted oil 
(DAO), and light cat cycle oil (LCCO). Preferred are the gas 
oils. 

[0027] It Will be understood that the sorption device can be 
replaced by any other suitable means for removing the heavy 
tail from the vapor fraction. For eXample, in a preferred 
embodiment of the present invention the removal of the 
heavy tail comprises: partial condensation of the vapor 
phase stream, (ii) usage of a contacting device With partial 
condensation and re?ux to achieve multiple vapor liquid 
equilibrium stages, (iii) contacting the vapor phase stream 
With a heavy liquid stream, and (iv) a dephlegmator. 

[0028] The sorbed vapor phase fraction is collected over 
head via line 22. The heavy hydrocarbon components from 
the stripper are passed via line 24 to second stage hydro 
processing unit R2. The liquid phase fraction from separa 
tion Zone S is passed to reaction vessel R2 via line 26, along 
With fresh hydrogen-containing treat gas via line 28. Intro 
ducing clean treat gas (gas substantially free of HZS and 
NH3) alloWs the second reaction Zone to operate more 
ef?ciently due to a reduction in the activity suppression 
effects eXerted by HZS and NH3 and an increase in H2 partial 
pressure. This type of tWo-stage operation is particularly 
attractive for very deep removal of sulfur and nitrogen or 
When a more sensitive catalyst (i.e., hydrocracking, aromatic 
saturation, etc) is used in the second reactor. The liquid/ 
vapor separation step can be a simple ?ash or may involve 
the addition of stripping steam or gas to improve the removal 
of HZS and NH3_ 

[0029] In reactor R2, the combined liquid stream and treat 
gas are passed through one or more catalyst beds, or reaction 
Zones, 26a and 26b and a product stream eXits reaction 
vessel R2 via line 30. Reaction vessel also contains non 
reaction Zones 28a and 28b upstream of each reaction Zone. 
LD is as de?ned for R1. The catalyst in this second reaction 
stage can be a high performance catalyst Which otherWise 
can be more sensitive to heteroatom poisoning because of 
the loWer level of heteroatoms in the treated feedstream, as 
Well as loW levels of heteroatom species HZS and NH3 in the 
treat gas. 

[0030] As previously mentioned, the reaction stages can 
contain any combination of catalysts depending on the 
feedstock and the intended ?nal product. For eXample, it 
may be desirable to remove as much of the heteroatoms from 
the feedstock as possible. In such a case, both reaction stages 
Will contain a hydrotreating catalyst. The catalyst in the 
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doWnstream reaction stage can be more heteroatom sensitive 
because the liquid stream entering that stage Will contain 
loWer amounts of heteroatoms than the original feedstream 
and reaction inhibitors, such as HZS and NH3, have been 
reduced. When the present invention is used for hydrotreat 
ing to remove substantially all of the heteroatoms from the 
feedstream, it is preferred that the ?rst reaction stage contain 
a Co—Mo on a refractory support catalyst and a doWn 
stream reaction stage contain a Ni—Mo on a refractory 
support catalyst. 

[0031] The term “hydrotreating” as used herein refers to 
processes Wherein a hydrogen-containing treat gas is used in 
the presence of a suitable catalyst that is primarily active for 
the removal of heteroatoms, such as sulfur, and nitrogen, and 
for some hydrogenation of aromatics. Suitable hydrotreating 
catalysts for use in the present invention are any conven 
tional hydrotreating catalysts and includes those Which are 
comprised of at least one Group VIII metal, preferably Fe, 
Co and Ni, more preferably Co and/or Ni, and most pref 
erably Co; and at least one Group VI metal, preferably Mo 
and W, more preferably Mo, on a high surface area support 
material, preferably alumina. Other suitable hydrotreating 
catalysts include Zeolitic catalysts, as Well as noble metal 
catalysts Where the noble metal is selected from Pd and Pt. 
It is Within the scope of the present invention that more than 
one type of hydrotreating catalyst be used in the same 
reaction vessel. The Group VIII metal is typically present in 
an amount ranging from about 2 to 20 Wt. %, preferably 
from about 4 to 12%. The Group VI metal Will typically be 
present in an amount ranging from about 5 to 50 Wt. %, 
preferably from about 10 to 40 Wt. %, and more preferably 
from about 20 to 30 Wt. %. All metals Weight percents are 
on support. By “on support” We mean that the percents are 
based on the Weight of the support. For eXample, if the 
support Were to Weigh 100 g. then 20 Wt. % Group VIII 
metal Would mean that 20 g. of Group VIII metal Was on the 
support. Typical hydrotreating temperatures range from 
about 100° C. to about 400° C. With pressures from about 50 
psig to about 3,000 psig, preferably from about 50 psig to 
about 2,500 psig. If the feedstock contains relatively loW 
levels of heteroatoms, then the hydrotreating step may be 
eliminated and the feedstock passed directly to an aromatic 
saturation, hydrocracking, and/or ring-opening reaction 
stage. 

[0032] In another embodiment of the present invention the 
vapor product stream from separation Zone S is passed to a 
condensation Zone and the resulting liquid condensate is 
combined With the liquid phase product stream eXiting 
separation Zone S and is passed to reaction vessel R2. The 
off-gas from the condensation Zone is collected or passed for 
further processing. 

[0033] The reaction stages used in the practice of the 
present invention are operated at suitable temperatures and 
pressures for the desired reaction. For eXample, typical 
hydroprocessing temperatures Will range from about 40° C. 
to about 450° C. at pressures from about 50 psig to about 
3,000 psig, preferably 50 to 2,500 psig. 

[0034] For purposes of hydroprocessing, the term “hydro 
gen-containing treat gas” means a treat gas stream contain 
ing at least an effective amount of hydrogen for the intended 
reaction. The treat gas stream introduced to the reaction 
vessel Will preferably contain at least about 50 vol. %, more 
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preferably at least about 75 vol. % hydrogen. It is preferred 
that the hydrogen-containing treat gas be make-up hydro 
gen-rich gas, preferably substantially pure hydrogen. 

[0035] Depending on the nature of the feedstock and the 
desired level of upgrading, more than tWo reaction stages 
may be preferred. For example, When the desired product is 
a distillate fuel, it is preferred that it contain reduced levels 
of sulfur and nitrogen. Further, distillates containing paraf 
?ns, especially linear paraf?ns are often preferred over 
naphthenes, Which are often preferred over aromatics. To 
achieve this, at least one doWnstream catalyst Will be 
selected from the group consisting of hydrotreating cata 
lysts, hydrocracking catalysts, aromatic saturation catalysts, 
and ring-opening catalysts. If it is economically feasible to 
produce a product stream With high levels of paraffins, then 
the doWnstream reaction stages Will preferably include an 
aromatic saturation stage and a ring-opening stage. 

[0036] If one of the doWnstream reaction stages is a 
hydrocracking stage, the catalyst can be any suitable con 
ventional hydrocracking catalyst run at typical hydrocrack 
ing conditions. Typical hydrocracking catalysts are 
described in US. Pat. No. 4,921,595 to UOP, Which is 
incorporated herein by reference. Such catalysts are typi 
cally comprised of a Group VIII metal hydrogenating com 
ponent on a Zeolite cracking base. The Zeolite cracking bases 
are sometimes referred to in the art as molecular sieves, and 
are generally composed of silica, alumina, and one or more 
exchangeable cations such as sodium, magnesium, calcium, 
rare earth metals, etc. Crystal pores of relatively uniform 
diameter betWeen about 4 and 12 Angstroms further char 
acteriZe them. It is preferred to use Zeolites having a 
relatively high silica/alumina mole ratio greater than about 
3, preferably greater than about 6. Suitable Zeolites found in 
nature include mordenite, clinoptiliolite, ferrierite, dachiard 
ite, chabaZite, erionite, and fauj asite. Suitable synthetic 
Zeolites include the Beta, X, Y, and L crystal types, e.g., 
synthetic faujasite, mordenite, ZSM-5, MCM-22 and the 
larger pore varieties of the ZSM and MCM series. A 
particularly preferred Zeolite is any member of the fauj asite 
family, see Tracy et al., Proc. of the Royal Soc., 1996, Vol. 
452, p. 813. It is to be understood that these Zeolites may 
include demetallated Zeolites that are understood to include 
signi?cant pore volume in the mesopore range, i.e., 20 to 
500 Angstroms. Non-limiting examples of Group VIII met 
als that may be used on the hydrocracking catalysts include 
iron cobalt, nickel, ruthenium, rhodium, palladium, osmium, 
iridium, and platinum. Preferred are platinum and palla 
dium, With platinum being more preferred. The amount of 
Group VIII metal Will range from about 0.05 Wt. % to 30 Wt. 
%, based on the total Weight of the catalyst. If the metal is 
a Group VIII noble metal, it is preferred to use about 0.05 
to about 2 Wt. %. Hydrocracking conditions include tem 
peratures from about 200° to 425° C., preferably from about 
220° to 330° C., more preferably from about 245° to 315° 
C.; pressure of about 200 psig to about 3,000 psig; and liquid 
hourly space velocity from about 0.5 to 10 V/V/Hr, prefer 
ably from about 1 to 5 V/V/Hr. 

[0037] Non-limiting examples of aromatic hydrogenation 
catalysts include nickel, cobalt-molybdenum, nickel-molyb 
denum, and nickel-tungsten. Noble metal containing cata 
lysts can also be used. Non-limiting examples of noble metal 
catalysts include those based on platinum and/or palladium, 
Which is preferably supported on a suitable support material, 
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typically a refractory oxide material such as alumina, silica, 
alumina-silica, kieselguhr, diatomaceous earth, magnesia, 
and Zirconia. Zeolitic supports can also be used. Such 
catalysts are typically susceptible to sulfur and nitrogen 
poisoning. The aromatic saturation stage is preferably oper 
ated at a temperature from about 40° C. to about 400° C., 
more preferably from about 260° C. to about 350° C., at a 
pressure from about 100 psig to about 3,000 psig, preferably 
from about 200 psig to about 1,200 psig, and at a liquid 
hourly space velocity (LHSV) of from about 0.3 V/V/Hr. to 
about 2 V/V/Hr. 

[0038] The liquid phase in the reaction vessels used in the 
present invention Will typically be the higher boiling point 
components of the feed. The vapor phase Will typically be a 
mixture of hydrogen-containing treat gas, heteroatom impu 
rities like HZS and NH3, and vaporiZed loWer-boiling com 
ponents in the fresh feed, as Well as light products of 
hydroprocessing reactions. If the vapor phase ef?uent still 
requires further hydroprocessing, it can be passed to a vapor 
phase reaction stage containing additional hydroprocessing 
catalyst and subjected to suitable hydroprocessing condi 
tions for further reaction. It is also Within the scope of the 
present invention that a feedstock that already contains 
adequately loW levels of heteroatoms be fed directly into the 
reaction stage for aromatic saturation and/or cracking. 

[0039] The present invention can be better understood by 
reference to the folloWing example that is present for 
illustrative purposes only and is not to be taken as limiting 
the invention in any Way. 

EXAMPLE 

[0040] Adiesel oil feed (previously hydrotreated) contain 
ing 180 Wppm of sulfur Was processed in a counter current 
reactor pilot unit. Operating conditions Were 185 psig total 
pressure, 350° C., 2 lhsv (liquid hourly space velocity), and 
treat gas rate of 1114 scf/b (standard cubic feet per barrel) 
H2. The catalyst used Was a commercially available CoMo 
on alumina containing about 3.8 Wt. % Co and about 13.2 
Wt. % M0. The liquid product leaving the bottom of the 
reactor Was approximately 70 Wt. % of the feed and had a 
sulfur content of 44 Wppm. The vapor leaving the top of the 
reactor With the treat gas, approximately 30 Wt. % of the 
feed, Was condensed and found to contain 93 Wppm sulfur. 
Blending the tWo products Would result in a total product 
having a sulfur content of 59 Wppm, Which exceeds the 
anticipated environmental speci?cations. 

[0041] The condensed vapor Was then fractionated by 
distillation and the various cuts Were analyZed for sulfur 
content: 

Boiling Range ° F. Yield (Wt. %) Sulfur (Wppm) 

0-400 10.4 <10 
400-450 12.5 11 
450-500 14.8 11 
500-550 26.0 16 
550-600 19.8 24 
600-650 11.9 221 
650+ 4.7 946 

[0042] Through this analysis it Was discovered that almost 
half of the sulfur Was contained in less than 5% of the 
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heaviest material (650° F.+(344° C.+) boiling range mate 
rial) and that the vast majority Was in the 600° F. +(315 ° C.+) 
material. If the heavy tail is removed from the condensed 
vapor stream then the resultant stream can be blended With 
the bottoms liquid to give an overall product that is of high 
quality. This also shoWs that the sulfur species can be 
concentrated for further treatment. 

What is claimed is: 
1. A tWo stage process for hydroprocessing a hydrocar 

bonaceous feedstock Which process comprises: 

(a) reacting said feedstock in a ?rst reaction stage in the 
presence of a hydrogen-containing treat gas, said reac 
tion stage containing one or more reaction Zones oper 
ated at hydroprocessing conditions Wherein each reac 
tion Zone contains a bed of hydroprocessing catalyst; 

(b) passing the resulting product stream to a separation 
Zone Wherein a vapor phase fraction and a liquid phase 
fraction are produced, Which vapor phase fraction con 
taining vaporiZed high boiling hydrcarbon components; 

(c) conducting at least a portion of said vapor phase 
fraction to a sorption Zone Wherein it is contacted With 
a sorption agent that is at a temperature less than that 
of said vapor phase fraction, thereby sorbing at least a 
portion of the vaporiZed high boiling hydrocarbon 
components from the vapor phase fraction; 

(d) conducting said liquid phase fraction to a second 
reaction stage in the presence of a hydrogen-containing 
treat gas, said reaction stage containing one or more 
reaction Zones operated at hydroprocessing conditions 
Wherein each reaction Zone contains a bed of hydro 
processing catalyst; and 
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e) collecting the hydroprocessed product stream for said 
second reaction stage. 

2. The process of claim 1 Wherein step (c) above com 
prises one or more of: partial condensation of the vapor 
phase fraction, (ii) usage of a contacting device With partial 
condensation and re?ux to achieve multiple vapor liquid 
equilibrium stages, (iii) contacting the vapor phase stream 
With a heavy liquid stream, and (iv) use of a dephlegmator. 

3. The process of claim 1 Wherein the contacting With the 
vapor phase fraction is performed in a trayed or packed 
device to result in multiple vapor liquid equilibrium stages. 

4. The process of claim 3 Wherein the sorption agent is 
selected from the group consisting of vaccum resid, atmo 
spheric resid, vacuum gas oil, atmospheric gas oil, heavy 
atmospheric gas oil, steam cracked gas oil, deasphalted oil, 
light cat cycle oil, and the hydroprocessed product from ?rst 
stage hydroprocessing. 

5. The process of claim 4 Wherein the sorption agent is the 
hydroprocessed product from ?rst stage hydroprocessing. 

6. The process of claim 3 Wherein heavy hydrocarbon 
components sorbed from the vapor phase fraction are passed 
to the second reaction stage. 

7. The process of claim 1 Wherein the hydrocarbonaceous 
feedstream is a heavy feedstock selected from the group 
consisting of vacuum resid, atmospheric resid, vacuum gas 
oil, atmospheric gas oil, heavy atmospheric gas oil, steam 
cracked gas oil, desaphalted oil, and light cat cycle oil. 

8. The process of claim 1 Wherein the feedstock is a 
Fischer-Tropsch reactor product stream. 


