WD 99/ 57228

PCT/ US99/ 09019 MULTI - STAGE HYDROPROCESSI NG OF M DDLE

DI STI LLATES TO AvVO D COLCOR BQODI ES FI ELD OF THE | NVENTI ON

The present inwvepdsras relates to a process for hydroprocessipgrussodetie
distillate petroleumstreans in two tenperature stages. The feedstreamis
hydr oprocessed in two or nore first tenperature stages operated at a
tenperature from about 360[err]C to about 450[err]C. The_ reaction product
of the first tenperat UWW from about
260[err]C to about 350 C, DISTIbRLATES AQ DIHDRBODIES ot her di ssol ved
gases, then sent to the second terrperature stage which is operated at said
quenched tenperature range. The product from the second tenperature stage

is also stripp f Col or bodies produced in the higher
tenperature fi qﬁi 6ﬁiﬁ[‘yﬂ@v ilﬁeﬁ)Nted in the | ast stage. BACKGROUND OF
THE | NVENTI ON Petrol eum refiners have a continui ng need for
i mproved nethods for reThypregent dnyeation ralates ton piveess fpor hyliropmcessingh have
the potential of being.  harnful to the enviroment. Fuel products, such as
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gover nnent al r estage(s® muwphaﬂanmcmmml'mm athoant Zémﬂjto bo053 50 C%m@pcﬂ in
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stage which is operated at said quenched temperature range. The product from

the second temperature stage is also stripped of dissolved gases. Color bodies

produced in the higher temperature first stage are hydrogenated in the last stage.
BACKGROUND OF THE INVENTION

Petroleum refiners have a continuing need for improved methods for
removing components from their products, which have the potential of being
harmful to the environment. Fuel products, such as diesel fuels, or middie
distillates, are representative of those products which must meet ever increasing
governmental restrictions with respect to the level of heteroatoms, such as sulfur
and nitrogen components. For example, feedstocks for producing diesel fuels will
typically contain about 1 to 2 wt.% or more sulfur, but the final fuel product, to
meet governmental requirements, cannot have more than about 0.05 wt.%, and in

the not too distant future, no more than about 0.005 wt.% sulfur is likely.

While high severity processing can reduce the level of sulfur and
nitrogen components to 0.05 wt.% or less, the high temperatures used in such
processing produces a fuel with poor color qualities. This is primarily because

undesirable reactions, such as condensation and dehydrogenation reactions occur



Whi |l e high severity processing can reduce the | evel of sulfur and nitrogen
conponents to 0.05 wt.%or less, the high tenperatures used in such
processi ng produces a fuel with poor color qualities. This is primrily

because - undesi reacti ons, such as condensation and d tion
reactions chidr%?s%z? $E¥H{s§)9%§£}§ at

hi gh tenperatures, resulting in conponen2s which are dark in color and
which are extrenely difficult to renove. Much work is being

done to devel gamighlehpeghirys r@samgyﬁb@ngmnisrmﬁ@mé RHOMLDIordfs whith t 0 meet
the demand for mddle distillates which are low in sulfur and nitrogen,

but whi ch st iare exteesmely diffiogvTv isolove. requi renments for the final fuel
products. Various process scenarios have been suggested to reduce the

| evel of heteroatons iR,mddle.distill|at ith or with | ntai ni ng
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di esel gas oil having a sulfur content of 0.2 wt.% by weight or |lower. The
first step regsilfesand titeogeay bitowhdch stilk meettlan S TH calbronetuingdngs fof thet o about
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quality. For example, Japanese Patent Laid-Open Application No. 3-86793

teaches a two-step hydrotreating process for the production of a diesel gas oil

having a sulfur content of 0.2 wt.% by weight or lower. The first step requires a

temperature in the range of about 280°C to about 370°C and pressures from about

10 to 40 kg/cm2. The second step requires a temperature in the range of about

150°C to about 325°C and similar pressures as the first step. Such a two-step

process has difficulty producing products that are low enough in sulfur and which

meet acceptable color specifications.

Also, U.S. Patent No. 4,755,280 teaches a m"o-step hydrotreating
process for improving the color and oxidation stability of hydrocarbon compounds
wherein an Fe-type catalyst is employed in the second step. However, it is known
that the hydrotreating activity of Fe-type catalysts is easily poisoned with hydrogen
sulfide. Therefore, the amount of sulfur and nitrogen compounds present in the
feedstock to be fed to the second step must be lowered to such uneconomical

levels as 10 wppm.

Further, U.S. Patent No. 3,841,995 proposes a two-step
hydrotreating process for the improvement of the color and odor of hydrocarbon
compounds. However, in the process a noble metal catalyst, such as a Pt catalyst, is
used in the second step, thus, the hydrotreating activity of the catalyst is readily

poisoned by sulfur components.
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process for producing.lo ur di esel gas oil with good color properties.
The first step ? out%Sto\iv(_)(?lL(jg/L 2.

Other process configurations 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 93200165.4 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 zone, and there is
no suggestion of quenching the effluents from the first stage prior to

hydroprocessing in the second stage.

While there is a substantial amount of art relating to reducing the
heteroatom content of distillate feedstocks, there still remains a need in the art
for improved processes that can produce middle distillates low in heteroatoms

and yet within acceptable color specifications.

SUMMARY OF THE INVENTION

In accordance with the present invention, there is provided a
process for removing heteroatoms from a heteroatom containing middle distillate

feedstreams, which process comprises:



conducted at a tenperature from about 350[err]C to about 450[err]C, and a
pressure of about 45 to 100 kg/cnferr] in the presence of a hydrotreating
catal yst and a the second step is conducted at a tenperature from about
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about 360°C to about 450°C, thereby producing a reaction product

comprised of a liquid component and a vapor component;

(b) quenching said reaction product to a temperature from about 260°C to -
about 350°C;

(c) separating the liquid component from said vapor component;

(d) stripping said liquid component of dissolved gaseous material in a

first stripping zone;

(e) hydrotreating said stripped liquid component of step (d) in the second
temperature stage, which reaction stage contains a hydrotreating
. catalyst and is operated in the presence of fresh hydrogen-containing
gas, at hydrotreating conditions, which includes a temperature from
about 260°C to about 350°C, thereby resulting in a reaction product

comprised of a liquid component and a vapor component;
(f) separating said liquid component from said vapor component; and

(g) stripping said liquid component of dissolved gaseous material in a

second stripping zone.

In a preferred embodiment of the present invention there are two or
more second temperature stages and the second temperature stage or stages

contains a catalyst comprised of NiMo on an inert refractory support material.

ches a two-stage hydrotreating process perforned -



In accordance with the present invention, there is provided a process for
removi ng heteroatons froma heteroatom containing mddle distillate

f eedstreans; which process conpri ses:

4 "7 (a) vydmtaseating said feedstreamin a first tenpepafiBoshade in
t he presence of a treat gas conprised of once-through hydrogen
containing treat gas and recycle treat gas’ from a downstream

tenperature stage vvhereln sald first te perat ure stage contains a

hydr ot reati ng BRINEBESCRIPIT }F TH aURES st age bei ng operated at
hydrotreati ng conditions that I ncl udes a tenperatures in the range of

about 360[err]Cto aboutF &r%[ elgé'r ?%dséqg%?g?i V@%Sgpﬁidﬁ?t r%atCt | qu§)roduct

conprised of a liquid coﬁﬁone
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about 350[err] 8; (c) separating th i qui d conmponent from'said
vapor conponentvgssel having twod§trippingzpnesg sai d |i qui d conponent of dissol ved

gaseous material in a first stripping zone; (e)
hydrotreating | LHRPE | (d) in the second
t enperature st f,jA et ] t;&aﬁfégc q?ﬂ@. .ﬁ{ﬁﬁ%drot reating

catalyst and is operated in the presence of fresh hydrogen-containing
Feedstreams suitable for hydroprocessing in accordance with the

present invention are those referred to in the art as “middle distillates”, which
usually contain undesirable heteroatoms, such as sulfur and nitrogen. Such
streams are typically those boiling in the range from about 150°C to about 400°C
and are typically obtained by distillation of crude oils, distillates obtained by
fractionation of fluid catalytic cracking products, distillates obtained by
fractionation of thermal cracking oils, and mixtures thereof. Non-limiting
examples of such feeds include diesel fuels, jet fuels, and heating oils. The
undesirable level of heteroatoms in middle distillates must be removed to meet
modern environmental standards without adversely affecting the color of the
final fuel product. The process of the present invention produces a fuel product.
preferably a distillate fuel product, that is both low in heteroatom components
and that also meets color requirements. This is done without the need for unduly

high pressures that add considerably to the costs of the prbcess.

The process of the present invention can be better understood by a
description of a preferred embodiment illustrated by Figure 1 hereof, which
shows a single reactor with two temperature stages 10a and 10b. Miscellaneous
reaction vessel internals. valves, pumps, thermocouples, and heat transfer
devices etc. are not shown in either figures for simplicity. Downstream of each
reaction stage is a gas/liquid separation means 12a and 12b. Upstream of

gas/liquid separation means 12a the product stream from first temperature stage



gas, at hydrotreating conditions, which includes a tenperature from

about 260[err]C to about 350[err]C,

conpri sed of
separating s
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a liquid conmponent and a vapor component; (f)

' l.gui d conmponent from said vapor conponent;
stripping saﬁ%gPL%%#

second stripping zone.
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sucR as sulfur and nitrogen. Such streans are typically those

obtained by distillation of crude oils, distillates obtained by

The stripping vessel is operated in countercurrent mode wherein
upflowing stripping gas, preferably steam, is introduced into the stripping vessel
via line 20 and passes upwardly through both stripping zones as liquid reaction
product flows downwardly through the respective stripping zone. The counter
flowing stripping gas aids in stripping the downflowing liquid of dissolved
gaseous impurities, such as H2S and NH3, which are considered undesirable in
most fuel products. It is preferred that the stripping zones contain a suitable
solid stripping medium that will enhance the stripping capacity of the stripping
zone. Preferred stripping mediums are those with a high enough surface area to
enhance the separa_ti‘dn of dissolved gases from liquid. Non-limiting examples of
suitable stripping mediums include trays as well as packed beds of materials such
as conventional structured packings well known to those having ordinary skill in

the hydroprocessing art.

The process of the present invention is practiced, with respect to
Figure 1, by feeding the middle distillate feedstock above the catalyst bed of first
temperature stage 10a via line 11. This first temperature stage is operated at a
temperature from about 360°C to about 450°C. It is preferred that the catalyst be
in the reactor as a fixed bed, although other types of catalyst arrangements can be
used, such as slurry or ebullating beds. The feedstock enters the reaction vessel
and is distributed, with a treat gas, along the top of the catalyst bed of reaction

stage 10a by use of distributor means 14a where it then passes through the bed of



fractionation of fluid catalytic cracking products, distillates obtained by
fractionation of thermal cracking oils, and m xtures thereof. Non-limting
exanpl es of such feeds include diesel fuels, jet fuels, and heating oils.
The undésir abwe dbsres of heteroatons in mddle distillates waswsisso®noved
tQ neet nodem environnental standards w thout adversely affecting the color
of the final fuel product. The process of %t he present invention produces a
fuel product. preferably a distillate fuel product, that is both [owin

het er oat om conhydretreatingehtdlisttand uadergesstthe tmémdedrrespionewhithdnclitéss | s done
wi't hout the need for unduly high pressures that add considerably to the
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val ves, punps, thernocouples, and heat transfer devices etc. are not shown
in either figuprsertinveitiop) butiattyay dbangementdsipreferved; lsucheasctievmrtraysapbble a
gas/liquid separation neans 12a and 12b. Upstream of gas/liquid separation
nmeans 12a the FRROUHES: O5HREMR SHAY PPP@?S’ P@W&ttm”%s’ Etgage

6 1Is quenched, represented by 3. There is also provided a flow distributor

means 14a and 14b upstr egelclbn pRfdciAAE BbRRNSHAN reatighl RO (M rURIRE! 2
contains two stripping zones 1" 6a and 1 6b and gas/liquid separator neans

18. The stri ppvesgelrdadine 1dadd act qurachad ta asemgbmture fioet abde 260U ® atems el s

can be used for _each stripping stage as |ong as each stripping. zone is used
to strip gaseodd0iGplhis aperchingsids Mdhe senaratinn ofithemid distilatediqtid Bam the

tenperature stagg gas in separator 12a as well as providing a more desirable process
environment for hydrogenating off-spec color components and not producing
additional undesirable color components. That is, the lower temperature second
reaction stage is desirable because the feedstream entering this second
temperature stage is processed in a low H3S and NH3 environment at a relatively
lower temperature that is conducive to hydrogenating color bodies. A vapor
phase effluent fraction is drawn off separator 12a via line 15. The vapor phase
effluent fraction can be collected, but it is preferred that at least a portion of it be
sent for recycle. The vapor phase stream is preferably scrubbed to remove
contaminants, such as H2S and NH3, and compressed (not shown) prior to
recycle. The liquid reaction product is fed to stripping stage 16a via line 17
where it comes into contact with upflowing stripping gas, such as steam. It is
preferred that the stripping stage contain a stripping medium, such as packing, or
trays, as previously mentioned to provide increased surface area for contacting
between the liquid and the stripping gas. Stripped liquid collects in the
gas/liquid separator means 18 and is drawn off via line 19 and fed. with a
suitable hydrogen-containing treat gas via line 21, into reaction vessel 1 to

reaction stage 10b where it is passed through distributor means 14b. The



The stripping vessel is operated in countercurrent node wherein upflow ng
stripping gas, preferably steam is introduced into the stripping vessel
via line 20 and passes upwardly through both stripping zones as liquid
reacti on-pro downwardly through the respective strippin one.
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via gas/liquid separator means 12b and passed to second stripping zone 16b

where it flows downward and countercurrent to upflowing stripping gas.
Stripped liquid from stripping zone 16b exits the stripping vessel via line 23.

The gaseous components that are stripped from the liquid reaction product from
both stripping zones exit the stripping vessel via line 25. A portion of the vapor
effluent exiting line 25 can also be condensed and returned to the stripping vessel

{not shown).

There may be situations when somewhat higher levels of
heteroatoms can be tolerated in the downstream reaction stage. For example, the
catalyst in the downstream reaction stage may be relatively tolerant to small
amounts of H>S and NH3 in the stream to be treated in that reaction stage. In
such cases, it may be desirable to use separators, or flash drums, in place of
strippers wherein the product stream is flashed and a vapor fraction drawn off
overhead and thé liquid fraction collected below. The liquid fraction will contain

somewhat higher levels of H2S and NH3 than if the fraction was derived from a



The type of liquid distribution nmeans is believed not to limt the practice
of the present invention, but a tray arrangenent is preferred, such as
sieve trays, bubble cap trays, or trays with spray nozzles, chimeys,

t ubes, etc. = WO099/57228 -Reaction products and downfl ow ngp¢t/esbogas exit
the reaction vessel via line 13 and are quenched to a tenperature from
about 260'C to about 350[err]C. This quenéhing aids in the separation of
the md distillate liquid fromthe treat gas in separator 12a as well as
provi di ng a nosteppesilt sbiithiptihesope efitherpreseaninvéstiontpdise gandplengpahtfe- spec
col or conponents and_not produci hg additjonal undesirable col or conponents.
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It is preferred that the stripping stage contain” a strippling nédium such

as packing, or farthysmaeal pf keteroatins, swhtdssnlfor, tod pitwgenandifor sered sur f ace

area for contacting between the liqujd and the stripping.gas. Stripped
liquid collect Y‘Irﬁg?‘l"i’é‘oﬁ Arnaatics: g QPWOFFE%IH%S Cfg'l)&?ﬁ%lfqrélsﬁl“hm off via

line 19 and fegresé{ﬁttlﬁbe?mﬁﬂ la egzg{yeconggt%%f‘ ti'?l' %Q%atlvs?%dﬂ?c %I’hés' ne 21,

into reacti on vessel 1S 'passe Aro

gl stributor nmeahgchld® corhPfised of at least one Group VIII metal, preferably Fe, Co and Ni,

more preferably Co and/or Ni, and most preferably Co; and at least one Group
VI metal, preferably Mo and W, more preferably Mo, on a high surface area
support material, such as 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 wt.%. 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.

The term “hydrogen-containing treat gas™ means a treat gas stream

containing at least an effective amount of hydrogen for the intended reaction.



feedstream at this point contains substantially |Iess undesirable species.
particularly sulfur and nitrogen species. Bot h downf | ow ng
treat gas and downflowing stripped liquid fromthe first reaction stage
pass t htreugh of catalyst in reaction stage 1 Cb wheg ri pped
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catalyst in this catalyst bed may be thepanme or different catalyst than
the catalyst in the first tenperature stage. The catalyst is this second
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stage 1 Ob i s psefperedtiod the hydragen-contaitdingetpeat ggas be makesupl Bydragen-piels gad t o
second stripping. z Pe 16b where it flows downward and countercurrent to

upf | owi ng stripﬁ%"'ﬁ’gb TOg4; i pped liquid fromstripping zone 16b exits the
stripping vessel via |line 23. The gaseous conponents that are stripped from

the l'iquid reaction propidéndidgsn MehBusd bf PRIfEIstRR AR the desrBE1evEl dfPPI Ng
vessel via line 25. A portion of the vapor effluent exiting |line 25 can

al so be conderperhding] nrort thanexie tempdratust zangpnajyyconsriselth ficst asdionsecond
There may be situations when sonmewhat hi gher | evels of heteroatons can be

tolerated i n (FBPRIBMNGG StREeHm BYRETS 19N eReGEPeraiiire Zoasedneanipat eaely yst in

t he downstrea i : r i I ?aFE'B-U unts
of H2S and Nl—lgérlﬁﬁ&? {luféggf‘“ géég‘%@tlo %ﬁﬁnég{ngg}aiﬁﬁkﬁx{{ﬁé f?‘fag%% tlegﬁest aggt.a% h such
cases. it nmay nig cmtdin aUre tHan ons eosewhichlcontainstydidttting catalst and pl ace of
strippers wherein the product streamis flashed and a vapor fraction drawn

of f overhead arhdch iscopetaied af the same errdifferenetemngratutes,as langas thgui d fracti on
%lsl dg(r)in '\tlgidnf i%ﬂnse\émaﬁge 1hsi vgitt.helrrl tl'lxeet\ér%lpgra?ﬁcre lfgnegrerfl)rs m%p&aghélf%c}r%%gmi)lfe, {vpoe fraction
' zones may be employed in the first temperature stage, wherein each zone is

operated at hydrotreating conditions, including temperatures in the range of

about 360°C to about 450°C. Each zone in the first temperature stage will

contain a hydrotreating catalyst, as previously described. The second

temperature stage, which is operated in the temperature range of about 260°C to

about 350°C, may also contain two or more temperature zones. That is, there

may be two or more reaction zones, containing hydrotreating catalyst operated in

the temperature range of said temperature stage. It is preferred that the catalyst

of this second temperature stage be a NiMo supported hydrotreating catalyst.



9 stripper. It is within the scope of the present invention to use

mul tiple separate steps or devices instead of a single stripping stage.

It is preferred that the hydrotreating catalyst in the first tenperature
stage contain wo@ps7bds on a refractory support catalyst and apeuysbseam
reactl on stage contain a Ni-M> on a refractory support catalyst. The term
"hydrotreating"as used herein refers to prldcesses whereina—~

hydr ogen-containing treat gas is used in the presence o “L u““\
catal yst, whi chiCLAIMS:marily active for the renoval of m “ as
sul fur, and nitrogen, and for sone hydrogenation of aro l'cs.t SUi t abl e
hydrotreatl ng cat al yst for gFl n the present inyention are any

conventional hydr ot Heafy REPCES frremoxmg heterogipmes {igpya Ratresony Eor%‘ﬁﬁ}g sed

f at | t d N, f bl
Co andl o N ¢ SRt B a0 PR oup Wi retal

preferably Mo and W nore preferably Mo, on a high surface area support
material, such as al(m)nhyrdmtréhth'gsaiadjfe'eddﬁeanﬁytdrﬂutst tempemguma;teﬁgeyst}s: i ncl ude
zeolitic catalysts, as well as nobl e net al wher e the nobl e netal
is selected from Pd anBresgnceiaf al%eaﬁxﬁﬁsrﬁoﬁ‘ﬁrﬁé §28¥5 @‘Fo‘igﬁ‘ély SR\t | nventi on

that more than one tyDeodhiniuelal Lelidgeral Akich o3 aphcle Sare

reacti on vessel. The G'oup y presen I'n an anmount

rangi ng from about 2 tfbn?&r&ﬁxre"/@tagér\ﬂﬁéiéxﬁtshm firsoténipepathre4tdge chhtads.a%0 The
Goup VI netal will typically be present in an anmount ranging from about 5

to 50 w.% preferabl thdmmatbrgﬁatalYBtlsaldlﬁrmem@erm s’t;geequgémrabd @t from

about 20 to 30 wt. % netals wei g @}écen are on su h FPé‘y
support” we mean that ﬂ@oﬁg?t%‘ioél fogs StaHSmRE‘iaHH t? ggﬁgport.
For exanple, if the 5“5@&&@6%%5& Vg5 1‘0'8’3 &HB VI
nmetal woul d nean that of Gvroup%1 VI E\/as g‘ﬁggﬁé\g support :

The term "hydrogen- contanpnsagl dfraela;umgaaﬁpmmnanrhawam-tcomneﬁtr eam
containing at |least an effective anount of hydrogen for the intended
reaction. (b) quenching said reaction product to a temperature from about 260°C to

about 350°C;
(c) separating the liquid component from said vapor component;

(d) stripping said liquid component of dissolved gaseous material in a

first stripping zone;

(e) hydrotreating said stripped liquid component of step (d) in the second
temperature stage, which reaction stage contains a hydrotreating
catalyst and is operated in the presence of fresh hydrogen-containing
gas, at hydrotreating conditions, which includes a temperature from
about 260°C to about 350°C, thereby resulting in a reaction product

comprised of a liquid component and a vapor component;

(f) separating said liquid component from said vapor component; and



10 The treat gas streamintroduced to the reaction vessel will preferably
contain at |east about 50 vol.% nore preferably at |east -about 75 vol. %

hydrogen. It is preferred that the hydrogen-contakning tre as be make-up
hydr ogen-ri ch ef erabl y hydrogen. “n on the
nature of the Po¥iBhck and the desired | evel \\\“ﬁk\\‘\\ 1 B9 one
tenperature zone may conprise the first gpd/ on¥etond t Bnper at ure st ages.

By nore than one tenperature zone we nean that each tenperature stage,

within the given t rature _range.for tha rature stage,. ,nay contain
nore than one zone?éﬁfe%lﬂp@gﬁ?lgﬁh‘g‘“ ?/%f%?’}egg?ﬁt‘ﬁghlg)ivaegﬁaﬁotus%ve%'lilﬁ is
operated at the sanme Qicofld birippRiptzohenperatures, as long as the tenperature
is within the tenperature range for that stage. For exanple, two zones nay
be enployed in the first tenperature stage, wherein each zone is operated
at hydrotreating cdndiheipsessss oielaigti whereimihereara twe of more tempengfareof about
360[err] C to about, A%?Oberg%gq rﬁach zone in the first tenperature stage wl|l
contain a hydrz89?se‘3t hgrse eyrﬁof’r,esé%geprevi ously descri bed. The second
tenperature stage, which is operated in the tenperature range of about
260[err] C to about 339QErddess ofMMNinPE WhcfealRbNthe WenSratiité Qaf@HRE R4 Ur e
zones. That is, there may be two or nore reaction zones, containing
hydr ot r eat i ng singleavessel. operated in the tenperature range of said
tenperature stage. It is preferred that the catal yst of this second

tenperature stage Be-rg N MOSHPRAR! PR BFEAL WY of AR ¥iperature

zones in the second temperature stage.

5. The process of claim 4 wherein all of the temperature stages are in a

single vessel.

6. The process of claim 1 wherein the hydrotreating catalyst for all of the
temperature stages is comprised of at least one metal from Group VIIT and at
least one metal from Group VI of the Periodic Table of the Elements, said metals

on an inorganic refractory support.

7. The process of claim 6 wherein the Group VIII metal is selected from
the group consisting of a noble metal, Fe, Co and Ni, and the Group VI metal is

selected from Mo and W.

8. The process of claim 7 wherein the catalyst of the first temperature
stage is comprised of Co and Mo on an inorganic refractory support material, and
the catalyst of the second temperature stage is comprised of Ni and Mo on an

inorganic refractory support.

9. The process of claim 1 wherein at least one of the stripping zones
contains a stripping medium that enhances the removal of H2S and NH3 and

other dissolved gases from a liquid.



11 1. A process for renoving heteroatons froma heteroatom
containing mddle distillate feedstreans, whi jgces:

(a) hydrotreating said feedstreamin a first '3 i\a@im“mmrl n the
presence of a Wwemis7gas conprised of once-thr d1ydrogens  *  yco9/00019
containing treat gas and recycle treat gas froma downstream

tenperature stage wherein said first tenpetature stage contains a
hydrotreating catalyst, said first tenperature stage being operated at
hydrotreating condi tl(l?”ﬁmetjhaéesh BELMHART WhdrERRR6RHAESNd ﬁrif)ﬁ]ﬁgrzaﬁ’egﬁ iRthe
about 360[err]C to about 450'C, thereby producing a reaction product

conpri sed of a s$ampvesselonponent and a vapor conponent; . (b) quenchi ng
said reaction product to a tenperature from about 260[err]Cto

about 350[err]C C) _sepa ing the liquid copponent.from said vapor
conponent ; (d‘)l-sﬁ(‘?%ﬁfﬁg °E§]i_ta3“! i‘&lﬂﬁrﬁ’nfg??ﬁg%ﬂfﬁ’&g‘q&?%’éea?% gaseous
material in a product is passéd fothe hkkt &H%rﬁ&eirﬁ,’?@éctiﬁn sta euﬁiﬂ)oupggﬁggﬁlﬁ@éth@g

said stripped |'iquid conponent of step (d) in the secon

t enper at ure st asstripging.h reacti on stage contains a hydrotreating

catalyst and is operated in the presence of fresh hydrogen-containing

gas, at hydrotreating conditions, which includes a tenperature from

about 260[err]C to about 3 5[err]C, thereby resulting in a reaction product
conprised of a liquid conponent and a vapor conponent;



(f) separating said liquid conponent from said vapor conponent; and

(g) stripping said |iquid conponent of dissolved gaseous material in a
second stripping zone. 2. The process of claim1l wherein there are
two or nore tenperature zones in the first tenperature stage. ‘3.
The process of YPAPM%® wherein all of the tenperature stages RCGTYSI9/P019
singl e vessel. 4. The process Zf claiml wherein there are two or
nore tenperature zones in the second t rﬁlerature st age. 5. The
process of claim4 wherein all of the tenperature stages are in a single
vessel . 6. The process of claim1 wherein the hydrotreating
catalyst for all of the tenperature stages is conprised of at |east one
metal from Goup VIII and at | east one nmetal from Group VI of the Periodic
Table of the Elenents, said netals on an inorganic refractory support.

7. The process of claim6 ypherein the Goup VIII netal is selected fromthe
group consisting of a noble*netal, Fe, Co and Ni, and the Goup VI netal is

selected from I\ZP %r}\dTW
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8. The process of claim7 wherein the catalyst of the first tenperature

stage is conprised of Co and Mo on an inorganic refractory s
material, and the catalyst of the second tenperature stage i@

el t

Ni and Mo on aP(JPBrganic rvedma!umagmswwommmn 9. TheNgsZcess of

cl.aim1l wherein at | east one of
medi um t EFERN APRLICAHGN PHBL

—
N>
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ture from about 360 to about 450 degrees celsius. The
reaction product (13) of the first temperature stage(s)
is quenched to a temperature from about 260 to about
350 degrees celsius, stripped of hydrogen sulfide, am-
monia and other dissolved gases to form a reaction
product (17) which is sent to a second temperature
stage which is operated at said quenched temperature
range. The product from the second temperature stage
is also stripped of dissolved gases in a stripping zone
(16b). Color bodies produced in the higher tempera-
ture first stage are hydrogenated in the last stage.
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(57) Abstract
A process for hydroprocessing middle distillate 21
petroleumn streams in two temperature stages is dis- TREAT / >
closed. The feedstreamn (11) is hydroprocessed in two GAS -‘r
or more first temperature stages operated at a tempera- h 4
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