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zone. The resulting hot, uncooled effluent from the hydrocracking zone Is hydrogen stripped in a stripping zone maintained at
essentially the same pressure as the hydrocracking zone to produce a vapor stream containing hydrogen, hydrocarbonaceous
compounds bolling at a temperature below the bolling range of the fresh feedstock, hydrogen sulfide and ammonia, and a liquid
hydrocarbonaceous stream wherein at least a portion of this liguid stream Is then passed to the denitrification and desulfurization
reaction zone. At least another portion of the liquid stream Is admixed with the subsequently cooled vapor stream to produce a
hydrogen-rich recycle gas stream and a liquid hydrocarbonaceous stream containing hydrocarbonaceous compounds bolling at a
temperature below the boiling range of the fresh feedstock.
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“MPROVED HYDROCRACKING PROCESS'
'" ABSTRACT
A catalytic hydrocracking process :'.'"""'Wherein a hyd'rocarbonaceous
fee'dstock is converted by combining With a hot recycle stream containing
hydrogen, and the mixture is passed to a denitrification and desulfurization
reaction zone, and then to a hydrocracking zone. The resulting hot, uncooled

effluent from the hydrocracking zone is-'-hydfdgen stripped in a stripping zone

maintained at essentially the same prle:ssufé’? as the hydrocracking zone to

p'rcduce' a'..'-‘Vépdr stream ‘containing hydfogeﬁ;fhyd rocarbonaceous compounds

boiling at a té’r'npe'rémre below the boiling range of the fresh feedstock, hydrogen

sulfide and ammonia, and a liquid hydrocarbonaceous stream wherein at least a

portion of this fiquid stream is then passed to the denitrification and

desulfurization reaction zone. At least another portion of the liquid stream is
admixed with the subsequently cooled vapor stream to produce a hydrogen-rich
recycle ga‘slz.s’tré‘aﬁ\ and '”a liquid HydrOCQrbonaceous stream containing
hyd'roca‘rb'ori‘éé‘ec‘jﬁis"compoun'd-'s .b‘o'il'ing at a tér'hperature below the boiling range

of the fresh feedstock.
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“/MPROVED HYDROCRACKING PROCESS”
o B"ACKGROUND’OF THE INVENTION
The field of art to which this invention pertains is the hydrocracking of a
hydrocarbonaceous feedstock. :Pet'roleurn | refiners often produce desirable products
05 such as turbme fuel diesel fuel and other products known as middle distillates as well
.as lower bouhng hydrocarbonaceous Ilqmds such as naphtha and gasoline by
'hydrocrackmg a hydrocarbon feedstock denved from crude oil, for example.
-'Feedstocks most often sub;ected to- hydrocracklng are gas oils and heavy gas oils
recovered from' crude oul by distillation. A-. .typlcalheavy gas oil comprises a
010 substanttat portion of hydrocarbon components bonllng above 371°C, usually at least
50 percent by weight botlin'g'.-:above"371°C. A -typlcal vacuum gas oil normally has a
boiling point range between 315°C and 566°C

| Hydrocracktng is generally aocompllshed by contacting in a hydrocracking
-reactton vessel or zone the gas onl or othor feedstock to be treated with a suitable
015 hydrocrackmg -catalyst :under condltions of 'elevated temperature and pressure in the
presenoe -of hydrogen 5‘0” as to yleld a product containing a distribution of
"*hydrocarbon products desued by the reflner The operating conditions and the
hydrocracklng catatysts: wuthtn -la hydrocracklng ‘reactor influence the yield of the

hydrocraoked pr‘od'uc'ts. |
020 | Although a wide vanety of process flow schemes, operating conditions and
'."catatysts have been used in commerCIaI actlvrtles there is always a demand for new
Z ".hydrocracklng methods Wthh provnde Iower costs and higher liquid product yields. It

is generally known that enhanced product selecttvnty can be achieved at lower
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con‘verSierti'per pass (60% .to.'90°/o'. ’Conversiort‘ef fresh feed) through the catalytic
hydrocracking Z'one However' it was prevrously believed that any advantage of
operatlng at below 60% con\rersron per 'pass was negllgrble or would only see
diminishing returns. Low conversuon'p‘er pass |'s generally more expensive, however,
the present iInvention greatly improves 'the"::ecort‘emic benefits of a low conversion per

pass process and demonstrate’sthe"u.nexpected"'advantages.

INFOHMATION DISCLOSURE
US A- 5 720 872 dlscloses a process for hydroprocessmg liquid feedstocks in

two or more hydroprocessmg stages whlch are in separate reaction vessels and

‘wherein each reaction stage contarns a bed of hydroprocessrng catalyst. The liquid

product from the first reactron stage is sent to a low pressure stripping stage and

stripped of hydrogen su’lfide,? ammonia and eth"er dissolved gases. The stripped

product stream is then sent to the next downstream reaction stage, the product from

which is also stripped of dissolved gases and-sent to the next downstream reaction
stage untrl the Ii'aSt rea'etiOn "st'ag’e the tiquid predUCt of which is stripped of dissolved
‘gases and collected or passed on for further precessrng The flow of treat gas is in a
direction opposute the dtrectlon in which the reactron stages are staged for the flow of
- ‘-IIQUId Each strlppmg stage |s.'a separate stage but all stages are contained in the

same strrpper vessel

Internatlonal Publlcatlon No WO 97/38066 (PCT/US 97/04270) discloses a

process fer reverse stagrng |n hydrOprocessmg reactor systems.

US-A 3, 328 290 dlscloses a two stage process for the hydrocracking of
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hydrocarbons in which the feed is pretreated in the first stage.

US-A-5,114,562 discloses a process wherein a middle distillate petroleum
stream is hydrot'reate'd"to prodUCe a low sulfur and low aromatic product employing
two reacti’on zones in se'ries"-'.f 'The'effluent of’-th‘e first reaction zone is cooled and
purged of hydrogen sulfide by stnppmg and then reheated by indirect heat exchange.
The second reactron zone employs a sulfur«sensnwe noble metal hydrogenation
catalyst. Operatlng pressure -and space velocrty increase, and operating temperature
decreases from the first to-thesecond reaction zones. The ‘562 patent teaches that
the hydroprocessing reactions of thehydrodenitrification and hydrodesulfurization will
occur with very limited hydrocrackang of the feedstock Also, it is totally undesired to

perform any srgnmcant cracktng within the second reaction zone.

" BRIEF SUMMARY OF THE INVENTION
. The-pre'sent .'inyention"-'-is aiCatalyﬁc hydrocrackingprocess which provides
hlgher:Iiduid'product'yields; 's’pecifiCally'higher yields of turbine fuel and diesel oil.
The processofth’eipresent inyention'ﬁproyidesft'he yield advantages associated with a
low converS|on per pass operatron without compromising unit economics. Other

benefits of a low conversion per pass operatron include the minimization of the need

~for rnter-bed hydrogen quench and the mrnlmrzatron of the fresh feed pre-heat since

the hrgher flow rate of recycle Ilqwd wrll provrde addmonal process heat to initiate the

catalytlc reactlon and an addmonal heat sxnk to absorb the heat of reaction. An

overall reductlon rn fuel gas and hydrogen consumptlon and light ends production

'may also be obtalned Flnally, the Iow converS|on per pass Operatron requires less

3
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catalyst volume.
" In accordance with one embodiment the present invention relates to a process

for hydrocracking a hydrocarbonaceous feedstock which process comprises: (a)

passing a hydrocarbonaceous feedstock, a liquid recycle stream and hydrogen to a

denrtnflcauon and desulfunzatron reactlon zone contalnlng a catalyst and recovering

a denltrlfrcatlon and desulfurlzatlon reaction zone effluent therefrom (b) passing the

-d'enitrificat-ion‘ -'an'd*‘d'esulfuri'zation -r'eacnon zone' efffuent to a hydrocracking zone

contalnrng hydrocrackmg catalyst (c) passrng a resultmg ‘effluent from the

"hydrocracklng zone dlrectly to a hot, high pressure stripper utrllzmg a hot, hydrogen-

rlch stripping gast.;'to produce .a' furst vapor stream comprising hydrogen,
hydrocarbonaceous compounds boiling at a temperature below the boiling range of
the hydrocarbonaceous feedstock, hydrogen sulfide and ammonia, and a first liquid
stream comprising hydrocarbonaceous -‘Ccm'p’o'unds boiling in the range of the
hydrocarbonaceous feedstock; (d) hassing at lea'st a portion of the first liquid stream

comprlsmg hydrocarbonaceous compounds boiling in' the range of the

hydrocarbonaceous feedstock as ‘at ieast a. portlon of the liquid stream to the

‘ demtnflcation and desulfunzatlon reactron zone (e) heat-exchanging and partially

condensmg the frrst vapor stream with a flrst hydrogen-rich gaseous stream to
produce a -Iower"te'mp'e'rature stream -comprlsrng? hydrogen and hydrocarbonaceous

compounds--and“at‘-leest a portion of the hot, hy’drogen-rich‘ stripping gas in step (c);

(f) passrng h""ﬁ;f-":ioWer ‘t’emperetUre‘ st'ré'am comprising hydrogen and

hydrocarbonaceous compounds from step (e) into an aromatlc saturation zone to

reduce the concentratlon of - arornatlc compounds and (g) passing and cooling the
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re‘sultin'g efftue'nt fromthe aromaticsatu‘ration zone in step (f) and at least a portion of
the ftrst I|qu|d stream from step (c) toa vapor-hqurd separator to produce a second
hydrogen nch gaseous stream and- a hydrocracked hydrocarbonaceous product
stream. . B

Other embodlments of the present mventron encompass further details such
as types and descnptrons of feedstccks hydrocrackrng catalysts and preferred

operating condmons lncludrng temperatures and pressures ‘all of which are

| -heremafter drsclosed in the followmg dlscusswn of each of these facets of the

“invention.

' BRIEF DESCRIPTION OF THE DRAWING
The drawin‘g.i.'isa simplified process flow diagram of a preferred embodiment of
the present invention. The dr’a‘Wing-*is intended to be schematically illustrative of the

present invention and not be a limitation thereof.

DETAILED DESCRIPTION OF THE INVENTION

It has been drscovered that- hrgher Irqurd product yrelds and a lower cost of

production can :b'e};{;_achleved; and _enjoyed ln'_ the above-'-descnbed hydrocracking

process. Bk
:  The process of the present invention is partlcularly useful for hydrocracking a
hydrocarbonaceous orl contalnlng hydrocarbons and/or other organic materials to

produce a product contalnrng hydrocarbons and/or other organlc materials of lower

average borlrng pomt and Iower average molecular werght The ‘hydrocarbonaceous

5
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feedstocks that may. be subje’c‘tedtohydrocra'CKing by the method of the invention
iInclude a'll'mineral-z;oils and syntheticon's'(e.g.,-..'shale oll, tar sand products, etc.) and
fractions th'e'reof. | {llustrative hvdrocarbonaceodsfeedstocks include those containing

components boiling above 288°C, such as atrnoSpheric gas oils, vacuum gas oils,

. deasp'halted-.-.va'CU'um ‘and atrnoSpheric re"'sidua- hydrotreated or mildly hydrocracked

residual orls coker dtstlllates strarght un’ dlstlllates solvent-deasphalted oils,

pyronsrs denved orls hlgh borllng synthetrc 0|Is, cyole oils and cat cracker distilllates.

- A preferred hydrocrackrng feedstock is a gas oil or other hydrocarbon fraction having

at least 50% by welght and most usually at Ieast 75% by welght of its components

borlmg at temperatures above the end pomt of the desired product which end point,

in the case of heavy gasollne |s generatly in the range from 193°C to 215°C. One of
the most preferred gas oil feedstocks erI contatn hydrocarbon components which boill

above 288°C W|th best results bemg achleved ‘with feeds containing at least 25

percent by volume of the components borhng between 315°C and 538°C.

Also mclud‘ed ‘are petroleum*dlstlllates :whereln at least 90 percent of the

components boil "inf-the range from 149°C to 42'6°C The petroleum distillates may be

treated to- produce both light gasolme fractlons (borllng range, for example, from 10°C
to 86°C) and heavy gasollne fractlons (bo|I|ng range, for example, from 86°C to

204°C). The present tnventron IS partrcularly sunted for the production of increased

amounts of mrddle dlstrllate products
The selected feedstock is flrst mtro‘duced into  a "denitrification and
desulfunzatlon reactlon zone together wrth a hqurd recycle stream and hydrogen at

hydrotreatlng reactron oondttlons Preferred denitrification and desulfurization

6
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reaction condltionsfor hYdrotreattng"5:'ro'ac'tlo‘n conditions include a temperature from
204°C to 482°C a pressure from 344 MPa to 17.2 MPa, a liquid hourly space

velocuty of the fresh hydrocarbonaceous feedstook from 0.1 hr' to 10 hr' with a

- hydrotroatlng catalyst ora comblnatlon of hydrotreatlng catalysts.

The term' “hydrotreatmg” as used herein refers to processes wherein a
hydrogen-contatmng treat gas is used |n tho presence of suitable catalysts which are
prlmanly actlve for theremoval of heteroatoms ‘such as sulfur and nitrogen and for
some hydrogonattonof aromatlcs Suutable hydrotreatmg catalysts for use in the
present lnyentlon are ‘any known conventtonal hydrotreatmg catalysts and include
those which are comprlsed of at least one Group VIl metal, preferably iron, cobalt
and nlckel more preferably cobalt and/or mckel and at least one Group VI metal,
preferably | molybdenum and tungsten on a hlgh surface area support material,
preferably alumlna . Other suuable hydrotreatmg catalysts include zeolitic catalysts,
as well as noble metal catalysts where the noble metal is selected from palladium

and platmum It IS W|th|n the sc0pe of the present invention that more than one type

. of hydrotreatlng catalyst be used in the same reactton vessel The Group Vill metal

s typlcally present ln an amount ranglng from 2 to 20 weight percent, preferably from

4 t0 12 welght percent The Group VI metal wall typtcally be present in an amount

ranglng from 1 to 25 welght percent preferably from 2 to 25 weight percent. Typical

hydrotreatlng temperatures range from 204°C to 482°C with pressures from 3.44

MPa to 17 2 MPa, preterably from 3. 44 MPa to- 13 7 MPa.

The resultmg etfluent from the demtnflcatlon and desultunzatlon reaction zone

may be heat exchanged W|th a hydrogen-noh ‘gaseous stream to provide a hot
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hydrogen rlch strlpprng stream are heremafter descrlbed

The resultrng effluent from the denrtnflcatton and desulfurlzatlon reaction zone
IS then rntroduced mto a hydrocracklng zone. The hydrocracklng zone may contain
one or more beds ofe'tfhe same or dlfferent catalyst. In one embodiment, when the
preferred productsare ‘middle distillates the preferred hydrocracking catalysts utilize
amorphous bases or low-levet zeollte bases comblned with one or more Group VIII or
Group VlB metal hydrogenatmg components ' In another embodtment when the
preterred produots are ‘|n the gasollne borhng range the hydrocracklng zone contains
a catalyst whrch comprlses |n general any crystalllne zeolrte crackrng base upon
whrch is deposrted a minor proportron of a Group VIII metal hydrogenating
component Addrtlonal hydrogenatlng components may be selected from Group VIB
for incorporat‘ion With-' the zeolite base. The zeolrte cracking bases are sometimes
referred to in 'the art as molecular sieves and are uSuaIIy composed of silica, alumina

and one or more exchangeable catrons suoh as sodrum magnesrum calcium, rare

earth metals etc They are further charactenzed by crystal pores of relatively uniform

dlameter between 4 and 14 Angstroms (10 meters). lt -.-rs preferred to employ
zeolltes havrng a relatlvely htgh srllca/alumrna mole ratio between 3 and 12. Suitable
'zeolltes found in nature mclude for example mordenlte stllbrte heulandite, ferrierite,
dachlardrte chabazrte erionite and fau;asrte Surtable synthettc zeolites include, for
example the B' X Y and L crystal types e.qg., synthetlo fau1a3|te and mordenite. The

preferred zeolrtes are those having crystal pore diameters between 8-12 Angstroms

(107 meters) whereln the silica/alumina mole ratto s 4 to 6 A prime example of a

' zeolrte falllng |n the preferred group is synthetrc Y molecular sieve.

8
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The natural occumng zeolrtes are normally found in a sodrum form, an alkaline
earth metal lorm . or mrxed forms The synthetlc zeolrtes are nearly always prepared
first in the sodlum form In any case for use as a cracking base it is preferred that
most or all of the orlgmal zeolltlc monovalent metals be ion-exchanged with a

05 polyvalent metal '-a'nd/Or'with an am'moniu‘m saltfollowed by heating to decompose
the ammonium -ionsassociated with'the-zeolite leaving in their place hydrogen ions
and/or exchange srtes whrch have actually been decationized by further removal of
-water Hydrogen or “decatlonrzed" Y zeolrtes of this nature are more particularly

' -descrrbed in US-A 3 130 006. '

010 ered polyvalent metal- hydrogen 2eol1tes may be prepared by ion-exchanging
first with an ammonrum salt, then partlally back exchanglng with a polyvalent metal
saltandthencalcmmg. In some cases,' fas in _.;th'e case of synthetic mordenite, the
hYdrogen forms can be prepared bl"/'dir'ectacidtreatment of the alkali metal zeolites.
The preferred 'oraCK'ing bases are those which are at least 10 percent, and preferably

015 at 'IeaSt 20perce‘nt- 'rn‘etal-cation#deficient"-"based-on the initial lon-exchange capacity.
A specrfrcally desrrable ‘and stable olass of zeolrtes are those wherein at least 20
percent of the lon exchange capacny rs satlsﬂed by hydrogen ions.

The actrve metals employed m the preferred hydrocracking catalysts of the
present mventlon as hydrogenatlon components are those of Group VI, i.e., iron,

020 cobalt nlckel ruthenlum rhodrumﬁ palladrumosmlum |r|d|um and platinum. In
addltron -tothe'se"-'m'etals pther promoters may also be -‘employed in conjunction
therewith, lncludmg the metals of Group VIB e g molybdenum and tungsten. The

amount of hydrogenatrng metal in the catalyst can vary wrthrn wide ranges. Broadly
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speaking, any amount between‘0.0S iperoent and 30 percent by weight may be used.
In the case of the noble metals it rs normally preferred to use 0.05 to 2 weight
percent.' The preferred method for mcorporatlng the hydrogenating metal is to
contact thezeolrtebase‘ '-rn“a‘te'nal -wuth,an aqueou_s _solutlon of a suitable compound of
the desired metalyyherein the metal"*ispresentina cationic iform. Following addition
of the selected hydrogenatrng metal or metals the resulting catalyst powder is then
filtered, dnsd pelleted with added Iubncants binders or the like if desired, and
calcined in alr-at-‘temiperaturss of, e-g  371°-648°C in order to activate the catalyst
and decompose ammonium ions. Alternatrvely, the zeolite component may first be
pelleted, followed by the addition of the hydrogenatrng component and activation by
calcrnlng The toregorng catalysts may be employed in undiluted form, or the
powdered zeolrte catalyst may be mrxed and copelleted wrth other relatively less
active catalysts dlluents or brnders such as alumrna silica gel, silica-alumina cogels,
activated claysand the like in pr0port|ons ranglng between 5 and 90 weight percent.
These dlluents may bs employed as such or they may contain a minor proportion of
an added hydrogenatrng metal suchasa Group VIB and/or Group VIII metal.

Addrtronal metal promoted hydrocrackrng catalysts may also be utilized in the

process of the present rnventlon WhICh compnses for example, aluminophosphate

molecular s:eves crystalltne chromosmcates ‘and other crystalline silicates.
Crystallrne chromosmcates are more tully descrrbed in US- A-4 363,718.

The hydrocrackrng of the hydrocarbonaceous feedstock in contact with a
hydrocrackrng catalyst rs conducted rn the presence of hydrogen and preferably at

hydrocrackrng reactor condrtrons whrch rnoluds a temperature from 232°C to 468°C,
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a pressure from 3 44 MPa gauge to 20 7 MPa gauge, a Irqurd hourly space velocity
(LHSV) from 0 1 to 30 hr and a hydrogen curculatron rate from 337 normal m°’m® to
4200 normal m /m‘*. In .a0cordancewrth the present invention, the term “substantial
conversion to"IOWer"'bOiling’--'products" ls-meant to connote the conversion of at least 5

volume percent of the fresh feedstock. ln a:‘preferred embodiment, the per pass

- conversron in the hydrocrackmg zone is in the range from 15% to 45%. More

preferably the per pass conversmn |s m the range from 20% to 40%.

The resultlng effluent from the hydrocrackmg reaotlon zone is transferred
W|thout lntentuonal heat-exchange (uncooled) and |s |ntroduced into a hot, high
pressure strlpplng- zone marntamedat .essenttally the same pressure as the
hydrocracking zone, and contacted and countercurrently stripped with a hot
hydrogen-rich stripping stream to produce a first gaseous hydrocarbonaceous stream

contafr‘ting? h'ydrooarbonaceOUs'-*compounds boilin‘g at a temperature less than 371°C,

hydrogen sulfrde and ammonla and a flrst llqmd hydrocarbonaceous stream

.:contalmng hydrocarbonaceous compounds borlrng at a temperature greater than

371°C The hot hydrogen -rich gaseous stream is at Ieast partially heated by heat-

'exchange wrth the effluent from the hot hlgh-pressure stnppmg zone. The stripping

'-zone IS preferably malntalned at a temperature in the range from 232°C to 468°C.

The effluent from the hydrocrackmgzone-ls not -substantlally cooled prior to stripping

and would only be lower in temperature due to unavoidable heat loss during transport

| from the hydrocrackmg zone to the stnppmg zone It is preferred that any cooling of

ﬁ"i’.'.'ithe hydrocracklng zone effluent pnor to stnpplng is less than 56°C. By maintaining

the pressure of the stnppmg zone at essentlally the ‘same pressure as the

o '..31'.1
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hydrocrackingzone is rneant that anydifferencein pressureis due to the pressure
drOp requrred to flow the effluent stream from the hydrocracklng zone to the stripping
zone. It rs preferred that the pressure dropts Iess than .69 MPa The hot hydrogen-
rich g‘a‘seous stream*ls :p‘referab'ly supplied .to thestnpprng zone in an amount greater
than 1 weightp‘ercent of the hydrocarb‘onaceous.teedstock.

At least a portron of the first hqu:d hydrocarbonaceous stream containing a

' -majorrty of hydrocarbonaceous compounds borllng at a temperature greater than

'371°C recovered from the stnpprng zone. is mtroduced mto the denitrification and

desultunzatlon reactlon zone along W|th the tresh teedstock and hydrogen. The
resulting - flrst gaseous- hydrocarbonar:eous stream contalnlng a majority of
hydrocarbonaceous compounds borlmg at a temperature tess than 371°C, hydrogen,
hyd‘rogen “sulfrde‘ and ammonia trom the ;strlpplng zone |s preferably cooled to a

temperature in the range from 177°C to '399°C'by means of heat-exchange with a

hydrogen- nch gaseous stream. A resultmg cooled stream contarnlng hydrogen and

.hydrocarbonaceous compounds is mtroduced |nto an aromatrc saturation zone to

o reduce the concentratron of aromatlc compounds The aromatic saturation zone may

contatn any surtable aromatlc saturatlon catalyst and is preterably operated at

aromatlc saturatron condltlons nncludmg a pressure from 3 44 to 17.2 MPa and a

-temperature from 204°C to 426°C.

The resultlng etﬂuent from the aromatic saturatlon zone and at least another

portion of the IIQUId stream from the stnpplng zone is cooled to a temperature

preterably in the range trom 15. 6°C to 83°C and then mtroduced into a vapor-liquid

' separator A hydrogen rich - gaseous stream is removed ‘from the vapor-liquid
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sepa'rator;é;and' '-';'b"ifu rca't-éd*i to -‘p'rovide iatz- .'Ie‘ast a portion of the added hydrogen

mtroduced rnto the denltrmcatlon and desulfurlzatron reaction zone as hereinabove

descnbed and at Ieast a portron of the hydrogen rlch gaseous stream Wthh IS heat-

~ exchanged wrth the fll’St gaseous hydrocarbonaceous stream from the stripper and

supphes at least a portron of the hot hydrogen -rich stnpprng gas to the stripper. A

quurd hydrocarbonaceous stream IS recovered from the vapor-hqurd separator and is

‘preferably»fractronated '-.to produce de‘srred product streams such as, for example,

naphtha, k-erosene and*diesel fuel.

Fresh make up hydrogen may be rntroduced into the process at any suitable
and convenrent locatron but IS preferably mtroduced into the stripping zone. Before
the hydrogen nch gaseous stream |s mtroduced Into the denitrification and
desulfunzatlon reactlon zone lt IS preferred that at least a S|gn|f|cant portion, at least

90 wetght percent for example of the hydrogen sulflde £ removed and recovered by

means of known conventronal methods In a-preferred embodiment, the hydrogen-

rich gaseoxus str‘e‘am -. |ntr0duce'd-|nto.‘-the-denitrifi'cation and desulfurization reaction

zone contains.-te-ss'ithan"fsowppm‘ hyd rogen' sulfide.

- DETAILED DESCRIPTION OF THE DRAWING
In the drawrng, the process of the present rnventron IS ||Iustrated by means of a

srmplmed schematrc flow dlagram |n whrch such detalls as pumps instrumentation,

been deleted as belng non essentral to an. understandmg of the techniques involved.

The use of such mrscellaneous equrpment IS well within the purvrew of one skilled In

o 13
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the ant.

With reference now to t‘he drawing, a feedstream comprising vacuum gas oil
and heavy CORe‘rgasoilf -isiin'troduced into the process via line 1 and.admixed with a
herernafter-descrrbed recycle oil transported via line 33. The resuiting admixture is
transported vra lrne 2 and IS admrxed wrth a hydrogen-—-nch recycle gas which is
tranSported vra'lrne- 28:. The reSdltm‘g‘ admixture is rn‘troduced via line 3 into
'combination'reaotion zone 4 and is oontaoted with a denitrification .and desulfurization
catalySt. .A resulttng efﬂuen‘t from the denrtnfrcatron and desulfurization catalyst is
passed lnto a hydrocraoklng catatyst also contained in combrnatron reaction zone 4.
A resultrng hydrocracked effluent from combination react|on zone 4 is carried via line
5 and rntroduced |nto stnpprng zone 6. A vaporous stream containing hydrocarbons
and hydrogen passes upward in strlpplng 2one 6 and is removed from stripping zone
6 via Irne 7 and mtroduced into heat-exchanger 8 A Irqurd hydrocarbonaceous
stream is removed ’from'.stripping zone‘6'\ria line 31 and at least a portion is recycled
via Ime 31 p-ump 32 and Irno 33 as a recycle oil as descnbed hereinabove. The
resultrng .cooled efﬂuent from heat-exchanger 8 is transported via line 9 and
mtroduoed-- |nto~aromattc'saturatronzone10. A resultlng effluent from aromatic
saturation :'ZOne’-?to is -‘:carried-via -'Iine"t-t and fine 12 and introduced into heat-

exchanger 14 A cooled efﬂuent from heat-exchanger 14 is transported via line 15

and mtroduced |nto vapor-quurd separator 16 A wash water stream IS introduced via

line 13 and is carned downstream to vapor-irqurd separator 16 and a spent aqueous

solution' |s removed therefrom vra Irne 17 _ Anotheri fportron of the liquid

-'hydrocarbonaoeous--st'r‘ea‘m is "removed.- -from;. strlpping zone 6 via line 31 and

14
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transported vra Irne 34 Ilne 12, heat exchanger 14 and I|ne 15 and is introduced into

vapor-quurd separator 16 A Irqurd hydrocarbonaceous stream IS removed from

vapor—l~lquﬁldseparator -1'6-vra ine 18 and -mtroduced into Iowrpressure flash drum 23.

A normally gaseous hydrocarbonaceous stream is removed from low pressure flash
drum 23 via l|ne 42. A liquid hydrocarbonaceous stream Is removed from low

pressure flash drum 23 via line 41 and mtroduced into fract|onatron zone 19.

Fractronatron zone 19 rs operated to produce and supply a naphtha stream via line
' 20 a kerosene stream vra line 21 a dlesel product via line 22 and a heavy
fhydrocarbonaceous stream via line 24 A gaseous stream contalnrng nydrogen and
.fhydrogen sulhde is removed from vapor-quurd separator 16 via line 25 and is
' -'lntroduced lnto acid gas recovery zone 35 A lean solvent is introduced via line 36

into acid gas recOVeryi.zone 35 and :conitacts-l'_the hydrogen-rich gaseous stream in

order to absorb an acidgas. A richsolvent cont‘aining acid gas is removed from acid

Qas recovery zone 35 V|a line 37 and recovered A hydrogen-rich gaseous stream
.contamrng a reduced concentratlon of acrd gas is removed from acid gas recovery
zone 35 vra Ime 38 and |s admrxed wrth tresh makeup hydrogen which is introduced

via lrne 39 The resultrng admlxture rs transported via Irne 40 and is introduced into

compressor 26 A resultlng compressed hydrogen nch gaseous stream s

_transported vra lrne 27 and at Ieast a portlon is recycled via lines 28 and 3 to

comblnatron reactlon 20ne 4 Another portlon of the hydrogen -rich gaseous stream is

transported via Ilne 29 and IS mtroduced rnto heat-exchanger 8. The resulting heated
hydrogen rrch gaseous stream IS removed from heat-—exchanger 8 via line 30 and is

mtroduced rnto stnpprng zone 6.
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The PFOCG'SS of the present invention is further demonstrated by the following
llustrative embodiment. This illustrative embodiment Is, however, not presented to
unduly limit the process of this invention, but to further illustrate the advantage of the
hereinabove-described -embodi‘ment,-Th’e'following data were not entirely obtained

05 by the actual performance of the préSé‘nt‘invehtion but are considered prospective

and reasonably illustrative of the exbéét'ed-'perfO'rhi'ance of the invention.

© ILLUSTRATIVE EMBODIMENT
The following is a comparison of '-a:'typical*prior art hydrocracking process with
010 the hydrocrackingprocéss of - the -"p'r'es"e’n‘t invention in order to demonstrate the
unexpected advant:age‘s"-while hyd'rdCféckih’g a ;'W'éll-known feedstock whose pertinent

characteristics are presented 'i'n'Tab'Ié'ji'. -
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TABLE 1- HYDROCRACKER FEEDSTOCK ANALYSIS

Arabian Light Vacuum Gas Oil

SpeoificGraVity @ 15.6°C ' ' 0
- 931
Drstlllatlon Volurno Percent -
IBP (°C) 3
30" »
D 42
50 4
B 95
30 5
. . ' 30
95 ' 5
S 45
Sulfur werght percent B 2
_' 'Nltrogen PPM . 1
} . 800
‘Nickel :and«Vanadium,' PPM o 1

The goal of the present rnventron is to produce a maxlmum selectlwty to diesel
fuel whrle srmultaneously producrng a high quahty feedstock for a fluid catalytic

cracking process. Theﬂdesrredvoveral-l conversion of the fresh feedstock is 60 volume

percent and' th-e*‘n’ecess"a‘ryfdiés'el quality -S‘pecif'ioati'ons include a maximum of 50 ppm

' -sulfur a mrnrmum cetane rndex of 50 and a 95 volume percent boiling point of 350°C.

Based on prlor art technology, the targeted diesel fuel quality specifications

_-requrred a hlgh pressure separator desrgn pressure of 13 7 MPa. Tho operating

' oondrtrons of the pnor art hydrooracker also mclude a combrned feed rate of 1.0, a

17
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hydrocraCI'(fi'ng'-2ene"'t'e‘mp’er'ature of SQA?C and a total recycle'-igas rate based on fresh

feed of 1314 n m3/m3

The dlesel ylelds achlevable W|th the pnor art at the start of run operating

condmons are summarlzed in Table 2.

TABLE 2 PRIOR ART PROCE' S YIELDS

Hydmge"‘ Consumptlon n m3/m3 224

CRCs 0.94
onCs . omm

n-Cs ' 0.43

MCP ' R 0.58

L f’Benzene L o 0.06
R Heavy Naphtha (07-171°C) . 19.29

N ?f-]f’fD.esel Fuel 171-360°C) . 4640

f;‘ﬁ-*r-'cc Feed (360°C Plus) ' 3987

, Ll ‘ md Product D . Volurhe”.%

By”?viﬂue of the"advehta'geS“"Of"'the pre'sent invention, the high pressure

separator desrgn pressure can be decreased from 13.7 MPa (prior art) to 11.0 MPa

whrle |mpr0vmg the selectlvrty to dlesel fuel and mamtalnmg the required diesel

18
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sulfur, cetane and distillation characteristics.

' Thé: operatingcohditions for the-“-presentinv‘éntion in this comparison include a
combined feed -ra'té of 1.5, a hydrocracking zone temperature of 403°C, a post-treat
temperature of 365°C and a total recycle -’gaé-rate based on fresh feed of 2443 n

05 m3/m3. ' PR
The diesel yields”ac"'hievable With"tﬁ'e' prdce"ss of the present invention at start

of run operating conditions are summarized in Table 3

MW

010 ' Hydrogen Consumptlon n m3/m3 219

L. undProduct - B  _ | Volume %
P e T S
e Y

015 n-Ce ' . | o 039

. ...-Mcp‘ . - . .. 0.38
. HeaVy Naphtha (C7-171°C) ‘ 17.29 . '

020 “Dlesel Fuel (171°C 360°C) ' 49.00
- '..-r-oc Feed (3sooc Plus) a3

19
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Théj‘ higheryielesof diesel (46.4 to 49.0 volume %) are achieved by the
reduced cthereien per paseand t'h‘aproduct.qua'lity is achieved by means of the
post-treat reactor Wthh processes the overhead vapor from the hot, high pressure
product strtpper The post treat contatnmg aromatnc saturation catalyst ensures that

05 the requnred dlesel product quallty is achleved The higher diesel yields and
increased Cs+ Ilq'und yields assocnated with the mtegrated process of the present
tnventlon results in mcreased revenue‘ . '

The foregelng descnptton drawmg and llluetrattve embodlment clearly illustrate
the advantages encompassed by the process of the present invention and the benefits

010  to be afforded with the use thereot
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CLAIMS:

1. A process for hydrocracking a hydrocarbonaceous feedstock which
process comprises:

(@)  passing a hydrocarbonaceous feedstock, a liquid recycle stream and

05 hydrogen to a denitrification and desulfurization reaction zone containing a catalyst

and recovering a denitrification and desulfurization reaction zone etfluent therefrom;

(b)  passing said denitrification and desulfurization reaction zone effluent to
a hydrocracking zone containing hydrocracking catalyst;

(c)  passing a resulting effluent from said hydrocracking zone directly to a

010  hot, high pressure stripper utilizing a hot, hydrogen-rich stripping gas to produce a
first vapor stream comprising hydrogen, hydrocarbonaceous compounds boiling at a
temperature below the boiling range of said hydrocarbonaceous feedstock, hydrogen
sulfide and ammonia, and a first liquid stream comprising hydrocarbonaceous
compounds boiling in the range of said hydrocarbonaceous feedstock;

015 (d) passing at least a portion of said first liquid stream comprising
hydrocarbonaceous compounds boiling in the range of said hydrocarbonaceous
feedstock as at least a portion of said liquid stream to said denitrification and
desulfurization reaction zone:

(e) passing at least a portion of said first vapor stream comprising

1020 hydrogen and hydrocarbonaceous compounds from step (c) into an aromatic

saturation zone tQ reduce the concentration of aromatic compounds; and
() passing and cooling the resulting effluent from said aromatic saturation
- zone in step (e) and at I'east a portion of said first liguid stream from step (c) to a

21
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"vapor-»quurd separator to produce a hydrogen rich gaseous stream and a

. 'hydrocracked hydrocarbonaceous product stream

2. The 'pFOCB_S'S"_Of Claim -"1_ ;wheretnsthe' first vapor stream is cooled and

partially condensed to Iower the temp’ératUre of the first vapor stream before it enters

the aromatic saturation zone.

3.  The process o‘fclaimst '- and_‘2 wherein the first vapor stream is cooled

by heat exchange with a portion of the hydrogsn -rich gaseous stream to produce at

Jeast a portron of the hot hydrogen nch strrpprng gas.

4. The process of ¢laim 1 whereln at least a portlon of the hydrogen-rich

- fgaseous stream is heat exchanged wnth the demtrlflcatlon zone effluent stream to

' produce at least a portron of the hot hydrogen rlch stnpprng gas

5. The process of Clalms 1 4 wherern at least a port|on of said hydrogen-
rich gaseous stream provrdes at Ieast;a portlon .of.:sald hydrogen in step (a).

e. The -prOC‘ess of Claims 1-4 wherein said denitrification and

desulfurization reaction zone is operated 'at"ﬁreaction zone conditions including a
temperature'from"'204‘,’C to 482°C, a pressure from 3.44 to 17.2 MPa and a liquid
~ hourly s’p'aceve-locityor-’-*s"aid hydroca'rbonaceousfeedstock from 0.1 hr' to 10 hr’
.*;and wherern sard hydrocracklng zone |s operated at condlttons including a
'temperature from 204°C to 482°C a pressuro from 3. 44 MPa to 17.2 MPa and a

-.}".'hqurd hourly space veI00|ty from 0. 1 hr to 15 hr

- 7 The process of Clarms 1-4 wherern said hot ‘high pressure stripper is
operated at a temperature no less than 56°C below the outlet temperature of said
hydrocracklng zone -an‘d at -ap"ressure no -l'ess ‘than .69 MPa :betow the outlet pressure
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of said hydrocracking zone.

8. The process- of Clanms 1-4 wherem sald hydrocracking zone is
operated ata convereuon per pass m the range from 15% to 45%.
' 9. The process of Clalm 1 whereln sald hydrocrackang zone is operated at
a conversson per pass m.the range fforﬁ 20°/ to 40%

10. The process of Clalm 1 whereln sald denltrlflcatlon and desulfurization

" reaction ‘zene'contams -a :,cataiyst compns’mg | nlck'e‘l and molybdenum.
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