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beds. Fgr ? chh or cool the effluent reaction products from a prior catalyst bed before introducing them into the next
catalyst bed. For this purpose a quench gas medium, such as recycle hydrogen gas, feed hydrogen gas or
other suitable quench gases well known in the field, is injected into guench zones situated between the exit of
one reaction zone and the entrance to the next zone. Generally, several beds with quench zones, typically
from four to ten, are employed to control the increase in temperature in the beds. For example, a
30 hydroprocessing reactor containing four reaction zones would likely have three quench gas injection points. in
order to accomplish substantial hydrogen upgrading of the liquid feedstock, exothermal heat rise across each '
reaction zone will likely require that substantial quench gas be injected in quantities which may exceed the
hydrogen gas being consumed by the hydroprocessing reaction occurring in the reactor, Although inter-bed
quench gas introduction Is effective as a means for reactor temperature profile control, the introduction of the
35  additional quench gas increases the presstre drop across the reactor to a sufficient extent that it frequently
limits the throughput capability of the reactor.
One proposed solution to the pressure drop problem is 1o reduce the quench gas flow as low as
possible and operate with a maximum tolerable temperature rise between the feed inlet to the first reaction
zone and the effluent from the final reaction zone. While this solution may be a viable compromise in some '
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It is still another object of the present invention to provide an improved multi-bed, multi-reaction zone

hydrotreating-hydrocracking process which utilizes liquid feedstock quenching in downstream catalyst beds.

25 It is yet another object of the present invention to provide an improved multi-bed, multi-reaction zone
hydrotreating-hydrocracking process wherein liquid feedstock Is injected into one or more downstream
quenching zones in lieu of at least some gas quenching in those zones.

Itis another object of the present invention to provide an improved multi-bed, mutti-reaction zone
hydrotreating-hydrocracking process which utilizes contaminant-tolerant hydrocracking catalysts to replace

30  conventional hydrotreating and hydrocracking catalysts in at least some of the reaction zones together with
liquid feedstock quenching in lieu of at least some gas quenching.

These objects and others are achieved by providing a hydrotreating-hydrocracking process
comprising introducing a liquid hydrocarbon feedstock into a reactor system having multiple reaction zones,
each reaction zone having a hydroprocessing catalyst bed therein comprising at least one hydroprocessing

35  catalyst selected to accomplish the hydroprocessing reactions to be conducted in that zone, at least the most
upstream zone having a hydrotreating catalyst therein for reducing the level of at least one selected
contaminant in the liquid feedstock, at least one of the zones downstream of the hydrotreating catalyst-
containing zones having hydrocracking catalysts therein, introducing a portion of the liquid feedstock at the
top of the most upstream reaction zone for downward flow through the catalyst bed therein and sequentially,
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25 in accordance with the present invention there is provided a hydrotreating-hydrocracking process
comprising introducing a liquid hydrocarbon feedstock into a reactor system having multiple reaction zones,
each reaction zone having a hydroprocessing catalyst bed therein comprising at least one hydroprocessing
catalyst selected to accomplish the hydroprocessing reactions to be conducted in that zone, at least the most
upstream zone having a hydrotreating catalyst therein for reducing the level of at least one selected

30 contaminant in the liquid feedstock, at least one of the zones downstream of the hydrotreating catalyst-
containing zones having hydrocracking catalysts therein, preferably contaminant-tolerant hydrocracking
catalysts, introducing a portion of the liquid feedstock at the top of the most upstream reaction zone for
downward flow through the catalyst bed therein and sequentially, thereafter, through the catalyst beds of the
succeeding downstream reaction zones to the base of the reactor, introducing hydrogen gas under pressure

35 into the reactor for flow through the catalyst beds therein in contact with the liquid feedstock in the reaction
zones, injecting a quench medium into quench zones between at least some of the adjacent reaction zones,
bypassing at least the most upstream reaction zone with fresh hydrocarbon liquid feedstock having the same
composition as the feedstock introduced into the most upsiream reaction zone and injecting the fresh
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upst r eamggeaioh bidhe HyBRFedtiRg catalysts for zone 20 and the temperature of the feedstock entering zone 20,
which is controlied in a manner to be more fully discussed hereinafter, zone 20 may be employed to remove
the same or different contaminants as zone 18. The effluent from zone 20 then passes through the third
hydrotreating zone 22 in contact with hydrofreating catalysts appropriate for the hydrotreating reactions

30 intended to take place in zone 22 to produce a third zone effluent. Third hydrotreating zone 22, like the
previous two zones 18, 20, functions to remove contaminants from the liquid feedstock passing therethrough.
As with zone 20, depending upon the selection of hydrotreating catalysts and the temperature of the
feedstock entering zone 22, the zone may be employed to remove the same or different contaminants as
zones 18, 20.

35 The effluent from zone 22 then passes through first hydrocracking zone 24 in contact with
appropriate hydrocracking catalysts to produce a first hydrocracking zone effluent. Unlike the previous
hydrotreating zones, zone 24 is intended to hydrocrack the liquid feedstock and the catalysts employed
therewithin and temperature of the feedstock entering zone 24 are selected accordingly. Inasmuch as
conventional hydrocracking catalysts are well known to be sensitive to sulfur and/or nitrogen and/or metals
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25  inletto the most upstream zone. However, the temperature in each succeeding reaction zone, if uncontrolled,
will be higher than the temperature in the preceding reaction zone due to the heat generated by the
exothermic reactions occuning in and the heat absorbed by the gas and liquid streams in each zone. In order
for the intended hydroprocessing reactions in each zone to be conducted under optimum conditions and to
preserve the catalysts within each zone it has become the practice to control the temperature of each

30  succeeding reaction zone by injecting a quench medium at the exit of the preceding reaction zone. Quench
gas has historically been the cooling medium of choice for most fixed or packed bed reactor systems.
Typically, the quench gas for utilization as a cooling medium in a hydroprocessing system is hydrogen gas
supplied from the reactor gaseous effluent treatment system which produces recycle hydrogen for introduction.
into the reactor system as hydrogen feedstock or for other purposes, such as quenching. Less frequently,

35  fresh, high-purity make-up hydrogen may be utilized as the quench medium. In some instances, quench '
gases other than hydrogen may be used although, it will be appreciated, that recycle hydrogen gasis
generally economically available and the use of recycle hydrogen gas serves to replenish hydrogen
chemically consumed by the hydroprocessing reactions.
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hydr ocr actdntagt with hydraieeating cetalystsiapprapriate for the hydrotreating reactions intended to take place in zone
18 to obtain a first reaction zone effluent. Typically, first hydrotreating zone 18 is intended to remove
25 contaminants, such as nitrogen, sulfur and/or metals, which are harmful to and will damage conventional
hydrocracking catalysts found in downsiream hydroprocessing zones. Thus, the temperature of the incoming
feedstock and the catalyst in zone 18 are selected, as appropriate, for hydrodenitrification,
hydrodesulfurization, hydrodemetallation, or the like. The effluent from zone 18 then passes, sequentially, |
into and through the succeeding hydroprocessing zones 20, 22, 24, 26, 28 in contact with hydroprocessing
30 catalysts appropriate for the hydrotreating or hydrocracking reactions intended to take place in each of these
zones. in accordance with an illustrative embodiment of the present invention, zone 20 or zones 20 and 22,
which heretofore were hydrotreating reaction zones can be converted to hydrocracking reaction zones by
substituting hydrocracking catalysts for the hydrotreating catalysts previously used in these zones, bypassing
one or more of the upstream hydrotreating zones with a portion of the same composition liquid feedstock
35  whichis introduced into first reactor zone 18 and injecting the bypass liquid feedstock into one or more of the
quench zones upstream of the hydrotreating and/or hydrocracking catalyst-containing zones. Preferably, the
hydrocracking catalyst in each hydrocracking reaction zone receiving bypass liquid feedstock is contaminant-
tolerant hydrocracking catalyst although, in instances where the feedstock is relatively low in contaminants,
conventional hydrocracking catalysts can be used even in bypass liquid feedstock-receiving reaction zones.
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temperature of the effluent. Gas quench, as needed to reduce the temperature of the admixture to a
30 predetermined temperature suitable for the hydrotreating reactions intended for reaction zone 20, is
introduced into quench zone 54 via main and branch gas quench lines 40, 44 upon appropriate opening of
flow controllers 64, 66 to supplement the quench provided by the bypass liquid feedstock. Of course, if
bypass liquid feedstock is not introduced through branch feedstock fine 82, then the gas quench flow will, in
conventional manner, be adjusted to itself reduce the temperature of the zone 18 effluent to the desired level.
35 The temperature adjusted admixture, comprising effluent from zone 18 in admixture with any added
bypass liquid feedstock, passes downwardly from quench zone 54 through second hydrotreating zone 20 and
over the hydrotreating catalysts therein, whereby further exothermic hydrotreating reactions take place in
zone 20. The effluent from zone 20 is at a considerably higher temperature than the influent feedstock to
zone 20. In quench zone 56 downstream of zone 20, bypass liquid feedstock having the same composition
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in Figure 1, a main quench gas supply |line 40 extends from a quench gas
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46, 48, 50, 52 for introduction of quench gas Into quench zones 54,

56, 58, 60, 62 | ocated between the respectlve reaction zones. The main and
branch quench gas supply I|nes contain f&ow controllers 64, 66, 68, 70, 72,
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and will mmblmjm}gnpqmm significantly less than the liquid feedstock entering thmugh line 16, may be
introduced via main bypass feedstock line 80 and branch bypass feed line 86, upon appropriate opening of
25 flow controllers 82 and 98. The bypass feedstock feed rate into quench zone 58 may vary depending upon
the reactor configuration and dimensions, the composition of the liquid feedstock, the nature of the
hydrocracking catalysts employed, the temperature of the bypass liquid feedstock, and other considerations.
in quench zone 58, the bypass liquid feedstock and the zone 22 effluent admix with the result that the cooler
liquid feedstock cools or quenches heat present in the effluent to reduce the temperature of the admixture
30 Dbelow the temperature of the effluent. Gas quench, as needed to reduce the temperature of the admixture to
a predetermined temperature sultable for the hydrocracking reactions intended for reaction zone 24, is
introduced into quench zone 58 via main and branch gas quench lines 40, 48 upon appropriate opening of
flow controllers 64, 70 to supplement the quench provided by the bypass liquid feedstock. Of course, if
bypass liquid feedstock is not introduced through branch feedstock line 86, then the gas quench flow will, in
35 conventional manner, be adjusted to itself reduce the temperature of the zone 22 effluent to the desired level.
Hydrocracking zones 24, 26 and their associated downstream quench zones 60, 62 operate in the
same manner as hydrocracking zone 22 and its associated downstream quench zone 58. Thus,
hydrocracking reactions occur in each reaction zone 24, 26 with the result that the heat generated in those
zones increases the temperature of the effluent from zones 24, 26 to a temperature considerably higher than
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25  processed in a gas-liquid separator for separation of the liquid phase which is either stored or directed for
further processing. The gas phase effluent from the lower end of reactor 10 contains excess hydrogen,
vaporized low bolling hydrocarbons of a composition generally similar to that of the lower boiling components
of the liquid feedstock, possibly hydrogen sulfide, ammonia and inert gaseous components. Where the
hydrogen values in the gas phase are sufficiently significant, recycle hydrogen may be recovered for use in
30 the hydroprocessing reactor and/or the gas quench system. In such a case, the gas phase effluent may be
cooled to condense the vaporized liquid components, passed to a separator to separate the condensed liquid
from the gas phase, vented to prevent the buildup of inert gaseous impurities in the system, scrubbed to
remove hydrogen sulfide, as by amine absorption or other suitable processing, compressed to increase the
pressure of the gaseous contaminant-free hydrogen and directed into admixture with the fresh hydrogen feed
35 introduced through gas feed line 14 at the top of reactor 10 or to the gas quench source 42 for storage and
eventual reuse,
Into which quench zones bypass liquid feedstock is injected and how much is injected into each
quench zone depends upon a number of factors. It is well known that the highest pressure drop typically
occurs in the most upstream hydmtréating reaction zone, namely zone 18. As much as 60 to 70% of the total
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20. In gbedsch zone 56 downstream of zone 20, bypass |iquid feedstock having

the 2¢ME C 0 rfp?ﬁ;,éd @Bmpmoesslng conditions in which the reactor and process of the present invention may be
advantageously employed include a temperature range of from 550".to 950°F and reactor pressures of from
100 fo 5,000 psig. The liquid hourly space velocity (LHSV) may be in the range from 0.1 hr'* to 10 hr*, The
total hydrogen to the reactor (fresh hydrogen feed plus quench hydrogen) is in the range of from 300 to 5,000
standard cubic feet of hydrogen per barel of feedstock. It will be appreciated that, generally within the
30 aforementioned ranges, different preferred reaction conditions will apply for different types of hydroprocessing
reactions. .

The catalysts employed in the process of the present invention may consist of any conventional
hydroprocessing catalyst. In general, the oxides and sulfides of transitional metals are useful, and especially
the group Vib and Group VIll metal oxides and sulfides. In particular, combinations or composites of one or

35 more group Vib metal oxides or sulfides with one or more of group Vil metal oxides or sulfides is generally
preferred. For example, combinations of nickel-tungsten oxides and/or sulfides, cobalt-molybdenum oxides
and/or sulfides and nickel-molybdenum oxides and/or sulfides are particularly contemplated. However, iron
oxide, iron sulfide, cobalt oxide, cobalt sulfide, nickel oxide, nickel sulfide, chromium oxide, chromium sulfide,
molybdenum oxide, molybdenum sulfide, tungsten oxide or tungsten sulfide, among others, may be used.
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to reduce Thef sidRiSIRayAe teRved from Hetrdielim, $hais, Gar sands and similar natural deposits.
it will be appreciated from the foregoing description of the process and reactor of the present
30 invention that its adoption and use could confer significant benefits as contrasted with conventional
hydroprocessing operations. One major advantage is the ability to increase the throughput at increased levels
of hydrocracking conversion.
While the invention has been described primarily by reference to reactors having a plurality of vertically
spaced catalyst beds therewithin and to co-current flow between the liquid hydrocarbon feedstock and the
35  hydrogen treating gas, it will be appreciated that the process is applicable to multiple reactor systems, whether
or not they utilize gravity flow between catalyst beds, and to fluidized bed systems and countercurrent flow
systems as well. Accordingly the scope of this invention is intended to encompass functional equivalents of

the specific embodiments described above and is not intended to be limited other than as set forth in the
claims.
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reduce the tenperature of the zone 22 effluent to the desired | evel.

drocracki ng 4z [ [y ' . es 60,
65 oper ate. i o T n8 nefiba 1 QAR nholftourEng loRiciofiiOB AN RS BN 00
downst r elevalediennentiyres aghpressiyes for produciog a sratiied fiquidfeedstodkkaving @uedured contaminant
react 50N |&@N Mcidding tREst¥psloRintrRcIGRE #&a&&&ab:dhea&twsz&ewnaggm{agﬂ (.;* SRe@sivones

i ncreases the tenperature of the effluent from zones 24, ,
t erpor at (PRSI 79865 eAch FRACHoN Zeredaving,a ydroprogessiyg catalyst basiharsip Coraring ptdenstpre
f eedst oc ihytiropracessing catalystapprogiiate farfthd hyamntredtingorhgdrodracking reactions idtendeddo ke glice

ti rouc ; T i qui
F coiot oo enct Sk f8fiSiredbion e BifieShd's hurdyBailg MatA i e 1882 e dofidbam
hi gher t hdeAcionzone epmpising:-:hysrosarkingTeactionvgne, intraduging thediguid edstnsly intathe firstiseagtiont
a t eqper alohd, Mtrodugi hydrayeh Has iMehe rdabrsysibd fdrinsW thfbubie Aiféovertie QidlyRE bedSincBitast gh
bypass. t SHIEJBHE feothbck B i TRbLanort. o HAGRER axhenfifald resgino g g Poedkionk
appr opr i de the caactioniaones for produsing@n efflaént for each Peagtivd 20 (having a tenpemitupy greater than the
roact or _ongelut 8 88 inhJeh€la el ook R et Nl 20l YuekBich (EARRAL i MRS o
f oedst ocRSIREANEDYIPASIER 2 AYAIOR PEE i AgHRRh e Aoy b oI fagion i and
t enpa@bat wipstreaim df the nixxt paastion|zorputhel effieentifstro thie Jastreaktion Zoae caroprisingl e caatiked tiquid | n
each quengdyspelodiet hatifg a mwwﬁ@aﬂh@m 4 RESRRRf e EHked idHBLdSob s Wiuen
the result that tﬁ er?

effluent admx wth 10 he cool I'qui d Teedstock cool s
or quenc HEugtdom the last maction zone, be imarovgEgpt which cQIARNIERS: t he t enperat ure of the

adm xture bel o} Introdueinglijuidifesdstock hatihgthe sdmedfriposition as the diquidfeedstock ntebiubed ifto

reduce t . ot f ] ] . .
ot o iSRRG hdio s babE ok lbnth dib dofindhelth BF1RC SR RALdh DRERE Lty
zone2026, theeffiyest from the immasiatelypstreamaeadtionzone shedgrodeced jiquid faedstock baying adendiate
line 40 odid alténipefdiur@ ificibrilo fddude therempélatufe 2f 1o efushBRR®P! | at e openi ng of flow

|1 , . I h vi d \
bypass | qui d PoORrRmEap s eacn Weeiiziie h OF bl e chRplostifp e
i nt r oduc edfiuentfomghe immediatelyapstisammerstidngonsand @iy introdyceddiguid tredstackda rediee thijiench
gas fl ow temp&aGre of the efifént fo withiR a predetermined range.

25

2. A method, as claimed in claim 1, wherein the reaction zones are vertically spaced apart with each
reaction zone above the next successive reaction zone.

3. Amethod, as claimed in claim 1, wherein the plurality of reaction zones comprises at least two
30 successive hydrotreating zones followed by at least two successive hydrocracking zones.

4. A method, as claimed in claim 1, wherein the at least one quench zone into which liquid
feedstock is introduced is a quench zone upstream of a hydrocracking reaction zone.

35 5. Amethod, as claimed in claim 4. wherein the liquid feedstock is additionally introduced into at
least one quench zone upstream of a hydrotreating reaction zone.

6. A method, as claimed in claim 1, wherein the liquid feedstock is introduced into all quench zones
upstream of hydrocracking reaction zones.
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conventi onal be adjusted to itself reduce the tenperat
entering effl"@%@spo the desired |l evel. The tenperature adj us#éﬁuggcﬁﬁzgﬁure
conprising the effluent fromzone 26 in adm xture with any 2 0 added
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one hand, it would seem prudent to reduce the flow of |iquid feedstock
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t he group Vi up VIl netal oxides and su

WSt
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particularly for treatnment of heavy oils w th hydrogen-containing gas at

el evated tenperatures and pressures. Forthis reason any nunberof liquid
feedstock woswdiades are suitable. In particular, feedstocks pgdrwdsonzagebe
treated in accordance with the present process include, in general, any
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5 unchanging liquid phase during hydroprocessing while the |ight ends
wi Il generally vaporize. Specific exanples of such stocks include crude
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significant beneflits as contrasted w th dqohVentional hjydroprocessiig
operations. One rfgj or advantage is the~e Ky to increase tlhe throughput
at increased | ev i \

been descri bed pr
vertically space
the Iiquid hygrovarbon f eedst ock apd
Oatled that the pr oGesk

LA haV|ng a gl e Hity of
_____ ) flow bet ween

S/é hydrogen tredting gas, it
ble to nultig

systens, whet h&r lor not they uti18zg lJow bet weenggdt 2 yst beds

and to fluidizeoc 5 ,and €O ﬁy@/oﬁ/nént fl ow syglengd as wel
Accordingly the scope of t on—t s—i-mt pnconpass functlona
equi val ents of t 63 ' Ean_deSCLLEq 8/and }i s not intended

to be limted ot erfhan as set §pri h/;d/tyle/cl

for catalytic hydrotreating and h Fog/?dk/ ' rbon feedstock
at el evated tenpe e ﬁpOCUCIng a crgglded liquid
[ nﬁV/JdV ( he st eps of

i ntroducing the f--ost_ ! -IEFDT'SVSTE'

Issure drop and

a plurality of su 3 Eoress —eaeI4® havi ng a
hydr opr ocessi ng catalyst bed t he $§ L qbﬁpfys(no
hydr opr ocessi ng cptal yst approprtatp_ } / ¥ hydrocracki ng
reactions intended to take placelyﬁ d}é % dast the fiyQt{ reacti on zone
conpri sing a hydrptreat B8o\r actomn é n /é at] | east o dojwnst ream
reaction zone conuﬁ%m'kﬁg—r?aﬁi' pduci ng t he
8 & [ XXX ]
XXXXX 7
‘°°>/( (T XXXXXX g
88— 60 XXXXX—5°J :
—XX XXX 7
102 26/_>S_X_>S XXX Jé
T —— _ ___] -
% & [ OORRx |2~
M XXXXX
o L XXXXXX |

FIG. 2 0~




e ¥

| i quid feedstock into the first reaction zone, introduci %)Wd_fgﬁ_\é
into the reactor systemfor flow through and over the ca

contact with the liquid feedstock in the reaction zones, Q
exothermcally reacting with the liquid feedstock in the rea QOI‘
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than the tenperature of the influent liquid feedstock to that reactl on
zone, quenching the effluent fromat |east one reaction zone by inj Scti ng a
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t o reduce t herepetinperonesifa poducing af éffluamtfot eachi reddtion zope dadbe knemperatudnge
Wi t hout substgrattealthan thecteepsiange tdhehpligisnl Bqull dfedstdck to tRatTRBbORG, z6He,
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I ntroduced is a quench zone upstream of a hydrocracking reaction zone. 5.
A net hod, as @ ai nistrodyging lighich fedstgick heving theesamie paindoditimdast the lquig feedstock
addi ti onal | y i ntr oitrodicted itto that firktorasdtioo rendjunatheasoone qUaathH sond)dofvnatream
hydrotreating reacéi 0@ #rénfacton zone AonBdriigilg vath theadfRMt ifldnCHRI iMmkdiadher ei n
the Iiquid feedst ogstiesmirsdction verdtHeNhPoddbdd RHARNEEdstERGRVHE S ib&ATPEnd a
hydrocracki ng reaciharaf 8 ESticient to reduce the temperature of the effluent; and
(b) injection quench gas into each the quench zone in an amount sufficient, in
combination with the effluent from the immediately upstream reaction zone and any
introduced liquid feedstock, to reduce the temperature of the effluent to within a
predetermined range without substantially increasing the pressure drop.

2. A method, as claimed in claim 1, wherein the reaction zones are vertically spaced apart
with each reaction zone above the next successive reaction zone.

3. A method, as claimed in claim 1, wherein the plurality of reaction zones comprises at least
two successive hydrotreating zones followed by at least two successive hydrocracking
zones.

4. A method, as claimed in claim 1, wherein the at least one quench zone into which liquid

feedstock is introduced is a quench zone upstream of a hydrocracking reaction zone.

5. A method, as claimed in claim 4, wherein the liquid feedstock is additionally introduced into
at least one quench zone upstream of a hydrotreating reaction zone.

6. A method, as claimed in claim 1, wherein the liquid feedstock is introduced into all quench
zones upstream of hydrocracking reaction zones.
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I ncl udi ng liquid feedstock effluent product, the improvement which comprises:
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{a) means for introducing liquid feedstock having the same composition as the liquid
feedstock introduced into the first reaction zone into at least one quench zone
downstream of the first reaction for admixing with the effluent from the
immediately upstream reaction zone, the introduced liquid feedstock having a feed
rate and a temperature sufficient to reduce the temperature of the effluent; and

(b) means for injection quench gas into each the quench zone in an amount sufficient,
in combination with the effluent from the immediately upstream reaction zone and
any introduced liquid feedstock, to reduce the temperature of the effluent to within
a predetermined range without substantially increasing the pressure drop.

14. A reactor, as claimed in claim 13, wherein the reaction zones are vertically spaced apart
with each reaction zone above the next successive reaction zone.
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(57) Abstract

A method and reactor system for catalytic hydrotreating
and hydrocracking of liquid hydrocarbon feedstocks in order
to produce a feedstock having a reduced contaminant level
are disclosed. A feedstock (11) is introduced into a first
reaction zone (18) of a reactor system (10) having a plurality
of successive reaction zones, each having a hydroprocessing bed
therein. Hydrogen gas (14) is introduced into the reactor system
for flow through and over the catalyst beds in contact with the
liquid in order to react with the feedstock producing an effiuent.
A stream having the same composition as the feedstock introduced
into the first reaction zone is introduced into at least one quench
stream downstream of the first reaction zone. Quench gas (42)
is injected into each quench zone in an amount sufficient in -
combination with the cffiuent from the immediately upstream
reaction zone to reduce the temperature of the effluent to a
predetermined range. An effluent product (30) is recovered from
the last reaction zone (28).
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