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PROCESS FOR REVERSE STAG NG IN 2 HYDROPROCESSI NG REACTOR
SYSTEMS 3 4 . FIELD OF THE INVENTION 5 6

The present im@g%',%rel ates to the field of hydroprocessi NngoyhiRoroezm
particular, 7 fhe present invention relates to hydroprocessing to obtain
hi gh conversions, 8 product selectivity and sel ective hydrotreating of
specific boiling range 9 products. 10 %1 .
BACKGROUND OF THE I NVENTION 12 13 There are two conventional approaches

in the petroleum 14 hydrop i | r 0 obtain high
conver si ons.* "H gh 15 convégéwpbw%éggf#%'ﬁé%val , hitrogen
renoval , hydgocracking, I1fYDROPROCESSING REACTORWBYSTEMSand the |ike. The
two conventional processes 17 include (a) a long residence tine or |ow

space vel oci®y reactors, or a 18 separate reactor loop for the hig

| oci 3 (b) | f he high
conversion sjep after feed inpugi td dinaninitial
react or Ioopi. 20 21 The sec 'nHﬁsDﬁFeméMEﬂ? arate reactor loop is
effective. Tis is 22 because the elimnated feed inpurity byproducts
such as Herg] NHl err ar.e no 23 re .0 the tvpically high
concentrat i oéls SFHQ#%%?(%‘L""FW'W&‘#?? nggﬁﬁqq%wﬁ"gﬁfesi%&_ B?%'c{#gsence in
hi gh concent7 at i sre¥éntlisventon rdiates 16 hipdropfoeassing o saiashighncariverdibas, second

reaction | oop. 26 27 There exists sone conventignal ,ac{) roaches in the art
for obtai ni n@ g BrRgluskselegtivity,and seletive Rydrotreating ok specift 'g"'“’?%@"@ﬁes

obtaining a @reBFJo%Efsi. al yield of

10
11 Il. BACKGROUND OF THE INVENTION
12

13 There are two conventional approaches in the petroleum

14  hydroprocessing/hydrotreating art to obtain high conversions. “High

15 conversions” includes sulfur removal, nitrogen removal, hydrocracking,

16 ramsbottom carbon reduction, and the like. The two conventional processes
17 include (a) a long residence time or low space velocity reactors, or (b) a

18 separate reactor loop for the high conversion step after feed impurities are
19 raduced in an initial reactor loop.

20

21  The second approach using separate reactor oop is effective. This is

22 because the eliminated feed impurity byproducts such as H.S, NHa, are not
23 present in the typically high concentrations that exist in the first reaction loop.
24 There presence in high concentrations would tend to inhibit reaction rates in
25 the second reaction loop.

26

27 There exists some conventional approaches in the art for obtaining good

2B product selectivity. “Selectivity” includes obtaining a preferential yield of

28 ceriain boiling range materials. These conventional processes include

30 (a) recycling the undesirable products for reprocessing with the fresh feed, or



29 certain boiling range materials. These conventional processes include
30 (a) recycling the undesirable products for reprocessing with the fresh
feed, or WD 97/ 38066

PCT/ US97/ 04270 2 1 (b)

repr ocessi ng sirable products in a separate reaction |oop. 2

Typi cal approggﬁggﬂgﬁ the art to selective hydrotreating of P6EAI 70

boi I'ing 3 range products include (a) overtreating of the entire feed to
the point where 4 the nost difficult pr®duct specification is nmet, or (b)
treating of the whole feed 5 to a |esser extent followed by a separate
hydrotreating of particular product 6 cuts to neet the nost difficult

speci fi cat i bns{b) reprogessing thagmdesisable psadusts is a sepasate readtiparlepp.ocessi ng

ationst? . " o |
705555, A APLAosiogs 0G5 GG W Rt o1 0
111, SUMARY Craremprodaaincltide (aBovertteatifigeofihe seiire feed totheqointavhers t

acconplish j he ' | i i e 5 .re Lan.l oon including | ower
costs t han drur TesPsRUomalCheReRFGon et 6260 bBtngine dhole tse8,

mul tiple | dbp wysiessed exténtdoiaved 5@ separaki hyafotraiting of partitdlar pddicy St S
tailored fof pretreated, feeds. The present invention includes a

1 19
process for rev@ﬁé%"@@hg\erfg@t&mﬁﬁhﬂrmq{lcgﬂon&o conversion, selective
hydrotreatisng and product selectivity in a 21 hydroprocessing reactor
systemincluding performng in a single reactor loop 22 a higher
conver si on &r Hasuld be desitablrtohayesskydigprionessingprosess whichfachievedct or 23

or 1N the |@adnjoRartBivetsioriordddper rbatiiy Hock iR ARfle BESkRGTHEY the general

feed
10  drawbacks of known processes.
11
12 Hl. SUMMARY OF THE INVENTION
13

14  The present invention serves to accomplish these objectives in a single

15 ragction loop including lower costs than multiple loops, while maintaining the
16 advantages of a multiple loop system including higher reaction rates or

17  catalysts tailored for pretreated feeds.

18

19 The present invention includes a process for reverse staging to obtain high
20 conversion, selective hydrotreating and product selectivity in a

21 hydroprocessing reactor system inciuding performing in a single reactor loop
22 ahigher conversion or deeper traating processing in a top bed(s) of a reactor
23 orinthe lead reactor in a series reactor loop and performing the general feed
24  processing in the reactor zones that follow.

25 IV. BRIEF DESCRIPTION OF THE DRAWINGS

28

27 FIG. 1 depicts one embodiment of a flow diagram of the process of the

28 invention utilizing a common vassel for housing the different treatment zones.
29



24 processing in the reactor zones that follow 25 | V.
BRI EF DESCRI PTI ON OF THE DRAW NGS 26 27 FIG 1 depicts one enbodi nent of
a flow diagram of the process of the 28 invention utilizing a conmon

vessel for housing the different treatnent zones. 29 WD 97/ 38066
PCT/ US97/ 04270 3 2
depicts an al tg‘r“r)]?i Bgosgnbodi ment of a flow diagram of the proggi@s{ﬁog"& t he

invention utilizing separate vessels for housing the different treatnent 3
zones. 4 5 V. DETAI LED DESCRI PTI ON8 OF PREFERRED EMBODI MENTS 6 7
A. Overview of the Process: Upper and Lower Reaction Zones 8 9 The
invention is a nethod of reverse stage hydrotreating a hydrocarbon feed 10

to obtain high Emdepicls analiesate paibediment pba flow giagramaf domerocees elot i vity
ina 11 hygr 0gi&ﬁ@&&w%t{nﬁﬁg3;9%?@§{;é‘é§blsm%0°sﬁrtb%e'cgﬁéégﬁlﬁfc}I gft ng a 12

hydr ocarbon teed to a tirs reating zone, e.g., I cation and
13 desul fur8zakbnes.zone. In that zone, the hydrocarbon feed is contacted

at 14 hydrgt reating conditions, e.g., denitrification and desul furization
conditions, 15 wth a hydrotreating catalyst, e.g., a denitrification and

desul furi zatgon 16 V,CREFARED gesg&pnm OB 'FREFERREDEMBODIMENTSat i on and
desulfurizat'éon zone 17 effluent 1s recovered. 18

7 A. Overview of the Process: Upper and Lower Reaction Zones
8

9 The invention is 2 method of reverse stage hydrotreating a hydrocarbon feed
10 to obtain high conversion, selective hydrotreating and product selectivity in a
11 hydroprocessing reactor system. The method includes passing a
12  hydrocarbon feed o a first hydrotreating zone, e.g., a denitrification and
13  desulfurization zone. In that zone, the hydrocarbon feed is contacted at
14  hydrotreating conditions, e.g., denitrification and desulfurization conditions,
15  with a hydrotreating catalyst, e.g., a denitrification and desulfurization
16 catalyst. After the contacting, a denitrification and desulfurization zone
17  effluent is recovered.

18

19  The denitrification and desulfurization zone effluent is then passed to a

20 purificationfcooling zone (or termed a “NH, and H>S and cooling zone”).

21 Ammonia and H.S are removed, typically by water scrubbing. The effluent is
22 cooled by any conventional means, e.g., by heat exchanger. Recovered from
23 the purification/cooling zone is a hydrogen/light hydrocarbon stream from the
24 top and a liquid stream containing dissolved gases from the bottom. The

25 hydrogen/light hydrocarbon stream is optionally passed to a second H,S

26 removal zone, typically using an amine adsorbent for H.S removal. The

27 recovered effluent from the optionat H,S removal zone is optionally passed to
28 a second hydrotreating zone, e.g., the hydrocracking zone discussed below.
29



19 The denitrification and desul furization zone effluent is then passed to
a 20 opurification/cooling zone (or termed a "NH err] and Herr]S and
cooling zone"). 21 Ammonia and Herr]S are renoved, typically by water
scrubbing. The effluent is 22 cooled by any conventional neans, e.g., by
heat exchanger. Recovered from 23 the purification/cooling zone is a
hydr ogen/ | i ghW&@#Bar bon streamfromthe 24 top and a | PEUP8eam
cont ai ni ng di ssolved gases fromthe bottom The 25 hydrogen/lIight

hydr ocarbon streamis optionally passed tp a second Herr]S 26 renoval
zone, typically using an am ne adsorbent for H2S renoval. The 27
recovered effluent fromthe optional Herr]S renoval zone is optionally

passed to 8 The liquidstteamdontaining disgolved gases ig passérbtchg deparatierk zomg. zone
glcisl-/c EJZS??O |78y3\u’hy tz:gnvantional saparatig\f?mga}/b:)’egsgs%%, typically distillation. Alight eliquid.

stream cont@i npipgubl FPMMEkranRAs stidcedSront a liquid botPAISAbHO br ARRE side2  Any
conventional separation may be used, typicall dlﬁ'g‘ql)l |lation., Alight 3
product and* ot REMIG-GUE;:anshBixtiEpS therRpf; ?fﬁrFPEP‘IG}{?ﬂii gthepfractionsei®s nore

side- 4 g eqﬁ\ﬁa gu&@rsq gﬁgogbﬁé BF fdrd gﬁéﬁwmid%,gfgssé_&% d Sscanigher

fractions, ottons and/or one or si de- or m d-cut s,
are passed 8 o hydretreatihg 20nehe.dr, & hydnodrackingrene. cThere, at hydmasackingi ng zone.

There, at drocracking .7 . | {d e | iauid b or one or
nore side- h%r ﬁ?rga_aﬂ&qﬁssﬁxgrh@ul@?&%@ﬁ %@%’a&% ?Hﬂh%éﬁ%g%ﬁ Ki'ng &at al yst. A
h]y]gllr ocrackigg ezontacted Withartydrocracking batatyst ch hedredracking Zoped refituemt ks ng zone
e uent is then passed t{o_the first .10 hydpotreating zone, i.n on
enbodi ment 8 a HEArBAMerech: TH MATRCREK09 Zary slipatie ST pamed'te e B8 e oo
of the twoig eapjarBledtiigtonedin & embadifent] aldenArification andrtiesdinarization the 14
first and second hydrotreating or reaction zone may each be a hydrocracking

11 zone.

12

13 The use of the two reaction zones can be varied in this invention. That is, the

14 first and second hydrotreating or reaction zone may each be a hydrocracking

15 zone or a denitrification and desulfurization zone. In one embodiment of the

16 invention, the lower zone which the fresh feed first contacts is a denitrification

17 and desulfurization zone. The upper feed is a hydrocracking zone. In

18 another embodiment, the reverse is true. Alternatively, each zone may both

19  be either a hydrocracking zone or each a denitrification and desulfurization

20 zone. Each may also be a combination or mixture of a hydrocracking zone

21 and a denitrification and desulfurization zone.

22
23 B. Advantages of Process of the invention
24

25 The present invention provides a single reaction loop. This single reaction
26 loop method lowers costs as compared to the use of multiple reaction loops.
27  Yet, the single reaction loop of the invention maintains the advantages of
28 higher reaction rates or catalyst tailored for pretreated feeds of a multiple
20 reaction loop system. The present invention accomplishes the final

30 processing in the upper reaction zone or top bed or beds of a reactor or



15 zone or a denitrification and desul furization zone. |In one enbodi nent
of the 16 invention, the |ower zone which the fresh feed first contacts is
a denitrification 17 and desul furization zone. The upper feed is a
hydrocracki ng zone. In 18 another enbodinent, the reverse is true.

Al ternatively, aghe may both 19 be either a hydrocracki
each a denitri fle@;ggl on and desul furization 20 zone. Each nayp(gll.fés%g@&%z’i

conmbi nation or mxture of a hydrocracking zone 21 and a denitrification
and desul furization zone. 22 23 B. Advantafes of Process of the Invention
24 25 The present invention provides a single reaction |loop. This single
reaction 26 Ioo net hod |,owe costs .,as conpar to the uyse, mul tiple
reaction | oops. ‘J;? ctogsdp s@%“&%@?@mme&?mfﬁggeﬁpmsﬁm pdpyer

mai ntai ns the a%ﬁ&i@%ﬁe@ihé{%liow gher reaction rates or catalyst tailored
for pretreated feeds of a multiple 29 reaction |oop system The present

i nventi on accbnplishes the final 30 processing in the upper reaction zone

or top bed ory begil: fvhAdGh 3F abries configuration rathbr 817a’n3a88§£ge| rector

PCT/ U397/ 0427 reactors
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reaction zon that fo er, advant a ser
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gas. The gas CII‘CU at| I's reduced re |nt|a roc Ssi ng
10 a separate loop or parallel reactor of the same loop because (a) the high

11 conversion effluent from the top reaction zone serves as a partial heat sink
12  and thereby reduces the quench requirements for the initial processing in the
13 zones which follow, (b) the unused hydrogen in the high conversion effluent
14 from the top zone serves as a partial source of hydrogen for the initial

15 processing in the zones which follow, and (c) the high conversion effluent

16 from the top reaction zone helps to provide good distribution of the fresh feed
17  and hydrogen for reaction on the catalyst in the zones which follow. Thus,
18 the advantages of using a single loop are reduced investment cost and

19  operating costs by not duplicating similar pieces of equipment in two separate
20 loops, L.e., one for the initial processing and one for the high conversion step.
21

22 Advantages of processing the pretreated hydrocarbon in upper reaction zone
23 ortop bed separate from the fresh feed include (a) the top bed catalysts are
24 not contaminated with feed impurities, (b) the reaction rate in the top beds is
25 not inhibited by substantial quantities of hydrotreating byproducts, e.g., NH;
26 and H,S, and (c) hydrogen partial pressures are maximized for the finishing
27 processes.

28



10 a separate loop or parallel reactor of the sane | oop because (a) the
high 11 conversion effluent fromthe top reaction zone serves as a
partial heat sink 12 and thereby reduces the quench requirenents for the
initial processing in the 13 zones which follow, (b) the unused hydrogen
in the high C&Ey rsion effluent 14 fromthe top zone serves as a partial
source of hyd d§ r the initial 15 processing in the zBREESHHAI2EH
foltow, and (c) the high conversion effluent 16 fromthe top reaction
zone helps to provide good distribution & the fresh feed 17 and hydrogen
for reaction on the catalyst in the zones which follow Thus, 18 the
advantages of using a single lOOE are reduced i nvestnent cost and 19
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hydr ocar bor8 i rredpqmlpuladmniandemye 23 or top bed separate fromthe fresh
feed i ncl uq‘e (a) the top bed catalysts are 24 not contam nated with feed
impurities,” (b) the reaction rate in the top beds is 25 not inhibited by
subst ant i als qu@hFebldstecky i ating byproducts, e.g., NHerr] 26 and
Herr]S, and (c) hydrogen partial pressures are nmaximzed for the finishing
27 proces$bs. 28 WD 97/ 38066

PCT/ US97/ 0427 Opgadstacks suitable for use in the invention and desired rodl.hfk obtdine4n an
optional enbodinent I1n the case of residuum processi ng e present 2

process c arﬂ al ipcluge eny genvantionakar knawn H\wdnoommgéfwmmcessm whi ch
'G”C' udes g rREYGEEk U Bobls! THE Fktktocks and deSired HIMRERTSIaNd Products
10 instant process include those disclosed in U.S. Patent Nos. 5,277,793;
11 5,232,677, 5,073,530; 4,430,203; and 4,404,088 which are incorporated
12  herein by reference. In one preferable embodiment, the hydrocarbon feed is
13 sslected from a residuum, a vacuum gas oil, middle-distillates, and mixtures

14 thereof.

15

16 D. Reaction Conditions and Catalysts
17

18  Suitable hydrocracking and hydroprocessing catalysts and reaction

19 conditions include any conventional or known catalysts and reaction

20 conditions. The catalysts and reaction conditions suitable for the instant

21 process include those disclosed in U.S. Patent Nos. 5,277,793, 5,232,577,
22 5,073,530; 4,430,203; and 4,404,088 which are incorporated herein by

23 reference. Where the reaction zone is a denitrification and/or desulfurization
24 zone, the contacting occurs at denitrification and/or desulfurization

25 conditions. Where the reaction zone is a hydrocracking zone, the contacting
26 occurs at hydrocracking conditions.

27

28 When the above-described process is used to hydrotreat feedstocks to

29 remove sulfur and nitrogen impurities, the following process conditions will
30 typically be used: reaction temperature, 400°F-900°F; pressure, 500 to



7 Feedstocks suitable for use in the invention and desired products
obtained 8 include any conventional or known

hydr ocr acki ng/ hydr oprocessing 9 feedstocks and products. The feedstocks
and desired products for the 10 instant process include those disclosed
in US. Patent Nos. 5,6277,793; 11 5,232,577, 5,073,530; 4,430,203; and
4, 404, 088 whi ctWVQ¥Z3Bkor porated 12 herein by reference. | PCISO7/04270
pref erabl e enbodi'nment, the hydrocarbon feed is 13 selected froma

resi duum a vacuumgas oil, mddle-distill@ates, and m xtures 14 thereof.
15 16 D. Reaction Conditions and Catalysts 17 18 Suitable

hydrocracki ng and hydroprocessing catalysts and reaction 19 conditions
i ncl ude any tonbeA0IpsigILHSV, Ridder20¢ and byernell hydrpgen sonsumptipa 300dadi t i ons.

Thel ude t hos® 208D GBERS by B ickie iarSiiarbBR ks, e pyardifBlyBl catelysy 0 oS
reference. Vore Lhe:feactpon zone 18 a Qenltri 1 oal o and ot

desulfurlzawon "ﬁfe%@ﬁa é Qﬁ |%&°6E’EH‘P%IWQ§§HP‘? ALRPOFPYSNd/ or
desul fur | 2at 501 rdfactefy ise! i as WiAfia | ERainfes of Ayerénedirgroataljtdighé " acki no

zone, the contacting occurs at dr ocr acki ngQ condi ti Oons. 7 28 \Wen

t he above- deBcr |aﬂwumprsuape@ed gona!iénplvhdemm migkebsulfide, fungstansnickel sgifidecnove
| fur and nytr n roce condi tion i1l 30
s 1ur a1 S RN Gy G, s Con 1 ons

typically be us O[err]F-900[err]F;, pressure, 500
to 8 W 97/ 38066
PCT/ US97/ 042 1. 5000

Do g Lisy. B 5 Gasrespondingly yhenihe RroeRss j HbinRarask feggstogks. the

10 following operating conditions will normally prevail: reaction temperature,

11 400°F-950°F; reaction pressure 500 to 5000 psig; LHSV, 0.1 to 15; and

12  hydrogen consumption 500 to 2500 scf per barre! of liquid hydrocarbon feed.
13  The hydrocracking catalysts used for the beds will typically be a Group VI,
14 Group VI, or Group Vil metal or oxides or sulfides thereof supported an a
16  porous refractory base such as silica or alumina. Examples of hydrocracking
16 catalysts are oxides or sulfides of Mo, W, V, and Cr supported on such

17 bases.

18

18  Generally, where the reaction zone is a denitrification and/or desulfurization
20 zone, the catalyst is any catalyst which wilf catalyze denitrification and/or

21  desulfurization at denitrification and/or desutfurization conditions. Where the
22 reaction zone is a hydrocracking zone, the catalyst is any catalyst which witl
23 catalyze hydrocracking at hydrocracking conditions.

24
25 VI. DETAILED DESCRIPTION OF THE DRAWINGS
26

27 Modifications of the process that is shown in the drawings and described in
28 this specification that are obvious to those of ordinary skill in the oil refinery
29 process art are intended to be within the scope of the invention.
30



2 2000 scf per barrel of liquid hydrocarbon feed. The hydrotreating
catalyst for 3 the beds will typically be a conposite of a Goup VI netal
or conpound 4 thereof, and a Group VIII metal or conpound t hereof
supported on a porous 5 refractory base such as alum na. Exanpl es of
hydrotreati ng catal ysts are 6 alum na supported cobalt-nol ybdenum ni ckel
sul fide, tungWY@RU/¥P®kel sulfide, 7 cobalt nolybdate and ECEMS04270

nol ybdate. 8 9 Correspondi ngly, when the process is used to hydrocrack
feedstocks, the 10 follow ng operatinggonditions will nornally prevail:
reaction tenperature, 11 400[err]F-950[err]F; reaction pressure 500 to
5000 psig; LHSV, 0.1 to 15; and 12 hydrogen consunption 500 to 2500 scf
per barrel fof Ai digutellydrocarbon feed. 13 The hydrocracking catal ysts
used for t beds will typically be a Goup VI, 14 Goup VII, or Goup
VII1 metal “or oxides or sulfides thereof supported on a 15 porous

refractory dasgs guglra®d if tﬂemvakgﬁnum Fims 1%@@%@&&%@0&@%% 16
catal ysts are oxi des or sul fides of \éérte on such 17

bases. 184 19processarg accomplishead lnmor@célpnaﬁn%%éndéoa ek2 howsas: i on
and/ ordesiy I upathtbacion zEfes BUNE 10} el bessing DicafPbutsh Wi ch W 1|

catal yze denitrification and rization at denltrlflcatlon
and/ or des\@ f usecondizone d6randthe high coneersianrrocessing earded out indhe first a

oot SCKIS Y TS 1B s iR iA0aky Gho RbiedUhkn o2\l 2o
DETAI LED DESCREdmimoh ir hydrobrocB¥sitid\akits’such as préhelatingaattiiqoidand gd4sfeeds ocess
e e e e CoSer E L s b BB O
are intendgyl tgodlifg'HndSepatdiion 2686 200dptiohal fedyeld gas Purificition zone 31,

11 and recirculation streams 30 and 32, and product separation and distillation

12 zone 40. Liquid bottoms stream 50, and/or side- or mid-cut 52, from

13  distillation zone 40 are joined as stream 54. Stream 54 is passed to reaction

14 zone 3. Make-up hydrogen stream 60 is added to gas recirculation stream 32

15 (also termed “hydrogenflight hydrocarbon stream 30" or “H,S removal zone

16 effluent 327). Ailternatively, make-up hydrogen stream 70 is added to feed

17 stream 1 instead of, or in addition to, adding make-up hydrogen to stream 32.

18 |

19  Hydrocracking or deeper hydrotreating takes place in reaction zone 3

20 depending on the type of catalyst used in that zone. The effluent 65 from

21 reaction zones passes to reaction zone 10. Fresh feed 1 is introduced at an

22 intermediate point between reactor beds 3 and 10. It is processed in the

23 presence of the effluent 65 from the upper reaction zone 3. Effluent 65

24  assists in distribution of feed stream 1 through reaction zone 10. Effluent 65

25 also acts as a heat-sink for the exothermic reaction in reaction zone 10.

26

27 The effluent 15 from the lower zone 10 is treated for NH; and H;S removal in

28 zone 20. Conventional methods, typically water washing, is utilized for the

28 NHs and H,S removal. Zone 20 is also a cooling and separation zone

30 producing a gas stream 30 and a liquid stream containing dissolved
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Figure 1 2 3 As illustrated in the flow diagramof FIG 1, the catalytic
reactions used in this 4 process are acconplished in two reaction zones 3

and 10. Vessel %g&s 5 both reaction zones 3 and 10. The_jpit]

processing is (?g.?l’l ed out inthe 6 second zone 10 and the %stsé%oaggrm on
proecessing carried out in the first 7 zone 3. The flow schene optionally
i ncl udes other features which are 8 conmm®n in hydroprocessing units such

as preheating of liquid and gas feeds 9 to the reactors (preheaters not

shown), NH err] and Herr]S removal and effluent 10 cooling and separation
zone 20, optlong@és cenventional precessingds usedhr the interrelationshipsiof e at i on
streanms 30 d I ' S 4 ' ne 40.

Ui quid bot t cas R, ol 8,@@%'3?'%%@%&% _@{ﬁ,{g@?@%gg&nﬁm BCti 1l ati on
zone 40 are 3 oi Aone 20 mayrincludemultiple wails Gzsubszgnes ascordingtoxonventional zone

Ca sosrer medt ~ nf A0S T AcRahBiknrR B8N AR R el S B " Croea
tzon](ca 12 1(7af 1] ;Jesapa%?tk_)n. ?\hymgfem rich igas stl‘gig_ﬁ;&ﬁs i’en?chgah(?ckm ﬂ'm[(neiﬁtoi‘f] gdded
Lo stream 3B 180 enaed i Makegin priresen srarabl: Alameve s b ace 1o

reacti on zome 3additiodlRPARGHG Hallub RPdioyBA sRbakBoaliSiydrdgsh fich paat zone.
The effluent 65 from21 reaction zones passes to redction zone 10. Fresh

feed 1 is i rfroStRary 3g: make-up hydrogen straam: 70 is mixad with ol fsed sieeamvl. Tbas 3
and 10. It ig p i 3 : t he
upper reacti%n éégggg?gg?ﬁr%%ﬁ? azgog!l&ﬁgggﬁgﬁéd.re@euﬁ%b%qsgﬁb%{t eed
stream 1 t ht®ugH:S earoovahrin zone:31 befdre reairentation tothe raastorsacThe mesyalelgeat - si nk
for the exofherm I pn_r HRE Z0 .26 . The eff nt 15
fromthe | o‘\if\gr é?os%’eeraﬁgﬁ{) @WSQ%?‘? Pﬁﬁfﬁ]&gﬁ&"ﬁﬁﬁzﬁ@q%ﬁwfﬁ?n 28
zone 20. Cotenitrezm 54 16t foediag td first fsdictivn woieB oniSptissed, asSstiéam 84ad for the
29 NHerr]_ and H.err S{é{n?val,. zone Zg is .also a cooling and separation
zone 30 prlﬁucfeﬁb sgegﬁ's eedingte secand reaction 2088 #@am cont ai ni ng di ssol ved

15 B. Figure 2
16

17  The description of FIG. 2 is the same as for Figure 1 above, except for the

18 following differences. In Figure 1, a common vessel houses the reaction

12 zones. In Figure 2, separate vessels 2 and 9 house reaction zones 3 and 10,
20 respectively. In Figure 1, there is & recycle gas purification zone 31. In

21 Figure 2, this unit is omitted.
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35. Conventional processing is used for the interrelationships of the 2
NH err] and H err]S renoval and cooling and separati on processes in zone
20. 3 Zone_20 may include multiple units or sub-zones according to
conventional‘w99meéhns for acconplishing the NH err] and H&E¥PBL2UDVa
and- cooling and 5 separation. A hydrogen rich gas stream 32 is recycled
back to the reactors 6 and then m xedioM t h make-up hydrogen stream 60.
Alternatively, or in 7 addition to m xi ng make-up hydrogen stream 60
with hydrogen rich gas 8 stream 32, nake-up hydrogen stream 70 is m xed
with oil ged stream1. The 9 recyll ELAMSin stream 30 is optlonal
purified, g.g., by amine adsorbent for 10 H2S rennval“““EM" ; ‘H ore
recirculation to the reactors. The recycle gas 11 ‘ ream
32 if furtBer WHATIBGLAIMEDOIS2 31) is optionally fed to* 12 'st r"eam 54 for
feeding to first reaction zone 3 or is passed, as stream34, to 13 feed
stream 1 f& feeding to second reaction zone 10. 14 15 B. Figure 2 16 .

17 The descrifpti Nh@lho&bﬁev%rde%t&é‘@hﬁﬁﬁﬁe&'tﬁg@ﬁyd?b%n?eébbl‘a‘%ta:ﬁxcelot for

the 18 follow ng differences. iIgure 1, 'a comon vessel houses the
reaction 89 zonBigh convensipn selecn@eqysqura@troagaé|950@Qiﬁglegtmtyue@ reaction
ZoneS, 3 208 10, o ProBfRBEHG Hellor oo, Bifindinol Bfrkfg? [ o0y cl © 0as
8 a. Passing a hydrocarbon feed selected from a residuum, a vacuum
9 gas oil, middle distillate, and mixtures thereof o a denitrification

10 and desulfurization zone; contacting said hydrocarbon feed at a

11 temperature of about 400°F to about 900°F; a pressure of about

12 500 psig to about 5000 psig; a flow rate of about 0.5 LHSV to

13 about 20 LHSV; and an overall hydrogen consumption of about

14 300 to about 2000 scf per barrel of liquid hydrocarbon feed, with a

15 denitrification and desulfurization catalyst; and recovering a

16 denitrification and desulfurization zone effluent therefrom;

17 b. Passing said denitrification and desulfurization zone effluent to a

18 purification/cooling zone for removal of NHs and H.S and cooling,

19 and recovering from said purification/cooling zone a hydrogen/light

20 hydrocarbon stream and a liquid stream containing dissolved

21 gases;

22 c. Passing said liquid stream containing dissolved gases to a

23 separation zone and recovering a light product, a liquid bottoms,

24 and at least one side-cut product therefrom;

25 d. Passing said liquid bottoms and said side-cut product and said

26 hydrogen/light hydrocarbon stream from step (b} to a

27 hydrocracking zone; contacting said liquid bottoms and said
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45 1. A nethod of reverse staggy %ﬁ a hydrocarbon feed to

obtain 6 hi gh conver si on, ﬁﬁi ‘l@l’@ﬂ{“@f eating and product

selectivity in hydr opr o¢ Ll system  sgj
e

a7
conpri si ng: WOOISB66 5 Passi ng a hydrocarhgss feed sel ec
resi duum a vacuum 9 gas oil, mddle distillate, and m xtures
thereof to a denitrification 10 414 and desul furization zone;
contacting said hydrocarbon feed at a 11 tenperature of about
400[err] F to about 900[err]F;, a pressure of about 12 500 psig
to about 5000 psig; a Sidewutpraduof atatempesiweiofigbout:A003F to about 950°F; aabout

20 LHSV; and, an overal | _hydrogen . c 1O 14 300 to
about 2000 f per bar quéégfe %iﬂﬁpﬁ%@%&MSmg%lgﬁﬂﬁwa{%f about
o111 Ca 0t e uByateen SUBU s oty = 16
enitrificatjon an esul furization zone e ue refrom. _ 17 :
Passi ng sai dt denitrifi Sﬁﬂﬁ&'ﬂpmd’féé%ﬂ%&t‘?E&?ﬁ‘&%@ﬁgp@?‘?"!@ﬁf"‘i‘ﬂda 18
purificatiorfcooling z : R l'i ng,

s o T i AP o il TocRenfig

19 and recoverin | cat ool 1 ng zone

hydr ogen/ | i ght 20 hydrocrackingcrooe sffluent therefrem; @nd a | i quid stream
cont ai ni ng di ssol ved 21 gases; 22 c. Passing said
| i quid stream containing dissolved gases to a 23 separation

zone and recbvering.a IPageingsaisdiysrocrackinggong afiiend tssaid denitrification and
at Teast onegsi de-cut B adlShrEHE! 164D

9 2. Aprocess for reverse staging to obtain high conversion, selective

10 hydrotreating and product selectivity in a hydroprocessing reactor

1 system comprising performing in a single reactor loop a higher

12 conversion or deeper freating processing in an upper reaction zone of a
13 reactor or in the lead reactor in a series reactor loop and performing the
14 general feed processing in the reaction zones that follow.

15 3. The process of claim 2 further comprising feeding make-up hydrogen to
18 said upper reaction zone or the reaction zones that foliow.

17 4.  The process of claim 2 further comprising:

18 a. Recovering an effluent from said reaction zones that follow and
19 passing said sffluent to a cooling zone;

20 b. Recovering from said cooling zone a hydrogen/light hydrocarbon
21 stream and a liquid hydrocarbon stream containing dissolved

22 gases;

23 ¢.  Passing said hydrogervlight hydrocarbon stream to said upper

24 reaction zone; and



25 d. Passing said liquid bottons and said side-cut product and

said 26 hydrogen/|ight hydrocarbon streamfromstep (b) to a 27
hydr ocracki ng zone; contacting said liquid bottons and said WO
97/ 38066 ”ll”ul %Mu” PCT/ US97/ 04270

11 1 si de- cut product i/Mle of about 400[err]F to
about 950[ er r WP:97/38066 “préssur & of about 500 psi 4B 5000
psig; a flowrate of about 3 0.1 LHSV to about 15 LHSV;, and an
overall hydrogen 4 consunpt{®n of about 500 to about 2500 scf
per barrel of liquid 5 hydr ocarbon feed, with a hydrocracking
catal yst and recovering a 6 hydr ocr acki ng zone effl uent
therefrom tand  d7 Passing eaid ligaikstrepns containingrdissalvad gagesdna@ ef f |l uent to
said denityification and desul furization zone. 9 2. A

process fof reverse s m@oqmt ai n high conversion, selective 10
hydrotreating and product selectivity in a hydroproceSS|ng reactor 11

system conpri i ng 2
conver'si ondor SoogBe rrikee sl 3 e g e 080 SoitiaBitomdl |,
reactor or4in theréﬁdﬁhmea%wumgasaousammledaamm angapixtures theréafr mi ng the

3. The prBuass oMM SoTBFERGPebsRg setl Mgrodavatd MiaiedStysrsreblfcn 1 o

16 sajgd UpPelin ERPJL) ©'a RES Feridval B6né PAGHtb PaSSIAR &6 saldaippbptdartion
7 zone or lead reactor in step (c}.

8 6. The process of claim 4 wherein said reactor zones that follow are

9 hydrocracking zones and comprise a hydrocracking catalyst and
10 wherein said hydrocracking zones have a tempserature of about 400°F to
11 about 950°F; a pressure of about 500 psig to about 5000 psig; a flow
12 rate of about 0.1 LHSV to about 15 LHSV, and an overall hydrogen
13 consumption of about 500 to about 2500 scf per barrel of liquid
14 hydrocarbon feed.

16 7. The process of claim 5 wherein said reactor zones that follow are

16 denitrification and desulfurization zones and said process further

17 comprises contacting in said denitrification and desulfurization zones a
18 denitrification and desulfurization catalyst with a general feed selected
19 from residuum, a vacuum gas oil, middle distillates, and mixtures

20 thereof, at a temperature of about 400°F to about 900°F; a pressure of
21 about 500 psig to about S000 psig; a flow rate of about 0.5 LHSV to
22 about 20 LHSV; and an overall hydrogen consumption of about 300 to
23 about 2000 scf per barrel of liquid hydrocarbon feed, and further

24 comprises recovering a denitrification and desulfurization zone effluent.



17 4. The process of claim2 further conprising: 18 a. Recovering
an effluent fromsaid reaction zones tha
Recovering from

19
Card cooling zone a hydrogeni 11 gnt -fﬁﬂmumiﬁﬂ[; -[Hﬂf' stream and a
e .

| i qui d hydrocar am cont ai ni ng di $solv g&s‘?&sg
c. Passing sai%&%’/ rogen/ | ight hydrocarbon streamto said uppeé 204;77‘1)

reaction zone; and WD 97/ 38066

PCT/ US97/ 04270 13 12 1 d.
Passing said |iquid stream contai ning dissolved gases to a 2

separation zone. 3 5. The process of claim3 wherein said general feed

i s sel ected #roB a The process of eleimi4 wherain saisireactipnczanes that foliawace

distillate, d m . ' : s ‘ _
s;?dl hygr gge%/n li 31 h?ﬁwfggtggla!'ﬁ'ﬁ%ﬁaﬁ ?'idaﬁ?ld@ roce%gqurfﬂ‘lwrgtcgﬁléggé g§ Hft%éta 2??5 gg
removall zonedpr i or saidiydscrapking zomad alhyeacrasking catalystith a genomsfesdor | cad
reactor in step (c

. 8..6. Th rocess of claims4 ei.n said reactor
zones that 81 ow apglectgd from ras’q?t’yg\' adﬂa&lfﬁmlﬂfs?gn@éddﬁ@e ' _ $.ia0d o
hydrocracki ng cat al Hﬁ&ur%?%ér@gf, ta%a tlélfﬁﬁgrﬁld?a%ﬁéﬁbdmgb@foaéﬂﬁuﬂg%‘lﬁ?ﬁs have a

t enperature of about 400[err] ) about 950[err]F, a pressure of
about 500 psBg to apwssuso@bout 300 psig teabout 5000 psig; a fiow rate of about

7 0.1 LHSV to about 15 LHSV,; and an overall hydrogen consumption of
8 about 500 to about 2500 scf per barrel of liquid hydrocarbon feed.

8 9. The process of claim 7 wherein said upper reaction zone or lead reactor

10 is a hydrocracking zone and said process further comprises contacting
11 in said hydrocracking zones a hydrocracking catalyst with at least a

12 portion of said denitrification and desulfurization zone effluent, at a

13 temperature of about 400°F to about 950°F; a pressure of about

14 500 psig to about 5000 psig; a flow rate of about 0.1 LHSV to about
15 15 LHSV; and an overall hydrogen consumption of about 500 to about
16 2500 scf per barrel of liquid hydrocarbon feed.

17 10. The process of claim 4 wherein said upper reaction zone or lead reactor
18 is a denitrification and desulfurization zone.

18 11. The process of claim 9 further comprising:

20 a. Passing said denitrification and desulfurization zone effluent to a
21 purification/cooling zone for removal of NH» and H;S and cooling,
22 and recovering from said puriﬁdationloooling zone a hydrogen/light
23 hydrocarbon stream and a liquid stream containing dissolved

24 gases;



12 rate of about 0.1 LHSV to about 15 LHSV;, and an overall hydrogen 13
consunption of about 500 to about—2500—stf per barrel of liquid 14
hydrocarbon feed. 15 7. The preg fe. el Wherein said reactor
zones that follow are 16 clmﬂm"m'“mmié I ﬁnd desul furi zation zones
and said process further 17 * CQMPLI Ses scortacting in said
denitrificatiWAIEM®&esul furi zati on zones a 18 deni tRGWYLHEM2h and
desul furi zation catalyst with a general feed selected 19 from

resi duum a vacuumgas oil, mddle distihfates, and m xtures 20

thereof, at a tenperature of about 400[err]F to about 900[err]F;, a pressure
of 21 about 500 psig to about 5000 psig; a flowrate of about 0.5
LHSV to 221 babo IRasgibig seis\liquichstraam conteining dissnivesbgasastodnpt i on of

about 300 t,0 23 bo 2000 . [ | L qui bon
feed, and rther 24 sesafa%e 5&8? ?é‘ige&gé%@# i"ﬁ’(}t QB%% tgrlwgétfdgﬁg'and
desul furizafion zone ehtldledst one side-cut produth8refidft) @hd

PCT/ US97/ 04270 13 1 8. The
process of claim4 wherein said reaction zones that follow are 2

hydr ocr ackigng zoneas arPhssingdajd liquidsbottoms amd saidisjde-aud praduct andisaid in 3
sai d hydrogracki ng zones a hydraocracki cat al it engral feed 4
sel ect ed f%tr)m r esi duuWEWQﬁ'Qh yﬁ%ﬁ&?“ﬁ?%?@hﬁ%@ﬁﬁﬁ%@ URRRS 5

m xtures tlgereof, at gehdivhGopbure of about 400[err]F to about 950[err]F;, a

6 pressure of about 500 psig to about 5000 psig; a flow rate of about
7 0.1 LHSV to about 15 LHSV; and an overall hydrogen consunption of

8 alyout 1200 hiatisdtdetpraceiingad hydrocdrbon dedadonprigingd hydr ocar bon f eed.
9 9. The process of claim?7 wherein said upper reaction zone or |ead
reactor 10 I s a hydrocracking zone and said process further conprises

contactingg 11 a. | P=8ing aydircoarbark feeg te @second hydhotreatingzore, cat al yst
wth at | eaQSt a contacting at hydrotreating conditions said hydrocarbon feed with

10 a second hydrotreating catalyst, and recovering a second

11 hydrotreating zone effluent therefrom;

12 b. Passing said hydrotreated product to a vapor-liquid separation
13 zone, and recovering therefrom a light product and other fractions
14 selected from a liquid bottoms, one or more middle cuts, and

15 mixtures thersof;

i6 c. Passing said other fractions to a first hydrotreating zone,

17 contacting at hydrotreating conditions said hydrocarbon feed with
18 a first hydrotreating catalyst, and recovering a first hydrotreating
18 zone effluent therefrom; and

20 d. Passing said first hydrotreating zone effluent to said second

21 hydrotreating zone.

22 13. The process of claim 12 further comprising feeding make-up hydrogen
23 to said second hydrotreating zone.

24 14. The process of claim 12 further comprising:



12 portion of said denitrification and desul furization zone effluent,
at a 13 t enperat ure of abouw 950[err] F; a pressure
of about 14 500 psig to about 5000 psig; w rate of about 0.1
LHSV to about 15 15 LHSV; a ﬂ'mum rogen consurrption of
about 500 to about 16 2500 "E' m’gf | i quid hydrocarbon
feed. 17 10.W9A®ocess of claini 4 wherefnssand upper re S 0e or
| ead reactor 18 is a denitrification and desul furization zone. 19
11. The process of claim9 further conprisjgg: 20 a. Passing said
denitrification and desul furization zone effluent to a 21
purtfication/cooling zone for renoval of NH err] and Herr]S and cooli ng,
22 1and r eapvePasging saitsecont ydrotieatiagizone effhienhtp a MM and H,S
hydrogen/light 23 removalgrcmir ocC rbon stream and a liquid stream

cont ai.ni ng dissol ved 24 e W) 97/ 38066
PCT/ US97/ 04270 14 1 b.

Passi ng said I iquid str cont n sol .

separation z8he and recgﬁg‘?\f ﬁﬁgw }ﬁgrgﬁ%gé\ﬁrgi%&hﬁgﬁgnea
and at | east gone si de- CHirdrBQéﬁligﬁt hiybicafbonstreamcand 4 liquid hydro@arboﬁaSSl ng
said liquid hottoms and said side-cut product and said

hydrogen/ | i gift hydrocarﬁ‘é??'@f’%@?ﬂ'ﬂqg}ﬁ?@\’@pgﬂs@f to said upper 6

reaction zone.

6 c. Passing said hydrogen/light hydrocarbon stream to said first
7 hydrotreating zone; and

8 d. Passing said liquid hydrocarbon stream containing dissolved
2] gases to said vapor-liquid separation zone.

10 15. The process of claim 14 wherein said hydrocarbon feed is selected from
11 a residuum, a vacuum gas oil, middle-distillates, and mixtures thereof.

12 16. The process of claim 12 wherein said second hydrotreating zone is a

13 denitrification and desulfurization zone having a temperature of about
14 400°F to about S00°F: a pressure of about 500 psig to about 5000 psig,;
16 a flow rate of about 0.5 LHSV to about 20 LHSV; and an overal}

16 hydrogen consumption of about 300 to about 2000 scf per barrel of

17 liquid hydrocarbon feed, and wherein said second hydrotreating catalyst
18 comprises a denifrification and desulfurization catalyst.

18 17. The process of claim 16 wherein said second hydrotreating zone is a
20 hydrocracking zone.



7 12. A method of processing a hydrocarbon feed conpri sing: 8 a.
Passing a hydrocarbon feed to a second hydrotreating zone, 9
contacting at hydrotreating conditions said hydrocarbon feed with 10

a second hydrotreating catalyst, # "mrmmﬂmﬂ”msecogd 11 -
[ L s assi ng sai
I'0

hydrotreati ng zone effluent there b. .
hydr ot reat ed WQA8#56t 0 a vapor-|idui € separa 13 PCT/US97#4278, and

recovering therefroma light product and other fractions 14

selected froma liquid bottons, one or e mddle cuts, and 15

m xtures thereof; 16 c. Passing said other fractions to a first
hydrotreating zone, 17 contacting at hydrotreating conditions

sai d hydrocqrbqg, f¢Rel prideds dbclaim 12 wherein saidffirstHydritdatitg £one Rta cat al yst,
and recovering a first hydrotreating 19 zone effl uent

therefrom @and  2bydrocracking zonehaving g temperature of ahgitrdd0PR in abeutzone
ffl id 2 ' o, Th
bt ocess of B ai m 1950 pretvssurs g anout B0 pEGE bR Ig: ot rbdpr T1C

sai d secondghydr ot ae&itiory LHSVdo abaist 151HSVhandarvoeerall hfdrogenm 12 f urt her

E‘éfrr}’ [J'S§'7,”8 2@70 consump\égn %Z/agc?uq %80 to about 2500 scf per barrel of liquid
6 hydrocarbon feed, and wherein said first hydrotreating catalyst
7 comprises a hydrocracking catatyst.

8 19. The pracess of claim 12 wherein said first hydrotreating zone is a
g denitrification and desulfurization zone.



1 a. Passing said second hydrotreating zone effluent to a NH3 and H2S
2 renoval and cool ing zone; 3 b. Recovering from
said NH err] and H err]S renoval and cooling zone a 4

hydrogen/ | i ght hydrocarbon streamand a |iquid hydrocarbon 5

stream cont ai ni ng di ssol ved gases; 6 c. Passing said

hydr ogen/ | i ght WP&73806¢ bon streamto said first 7 PCTAUS9704270
hydrotreati ng zone; and 8 d. Passing said |liquid hydrocarbon
stream contai ni ng di ssolved 9 gases to said vapor-liquid
separation zone. 10 15. The process,9ﬁ claim 14 wherein said

hydr ocarbon feed is selected from 11 a residuum a vacuumgas oil,
m ddl e-di stillates, and m xtures thereof. 12 16. The process of claim
12 wherein said secgQng hydrotreatinp zone is a 13 denitrification

and desul furization e havi ng a8 e—of —abe C
to about 900[err]F, a pressure _d out 50! p3PY to about 5000 pS|g
a flowrate of about 0.5 LHSV t g and an overgkl 16

hydr ogen consunptlgg ofl abdug 3( er barrel2of , 17
l'i quid hydrocarbon e , and \ otreatirjg catal ygt 18

rr] F
15

0 to‘abouttzoo’
ein sald seco

conprises a denitrification t. 19 17. The
process of claim 16 vvhdrj,u\, sard—sedond hydrjot r epti ng zb*rref"_s_a'\Z% <
hydr ocr acki ng zone. 4
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8 rat e of

hydr ocracki ng zone having a tenperature of about 400[err]F to
950[err]F; a pressure of about 500 psig to about 5000 psig; a (gxEih
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(57) Abstract

A hydrocarbon feed .(I) is passed to a denitrification and desulfurization zone ( 10); passing said denitrification and desulfurization
zone efftuent to a‘punﬁcatlonlcooling zone (20) for remaval of NH3 and H,S and cooling, and recovering from said purification/cooling
zone a hydrogen/light hydrocarbon steeamn (30) and a liquid stream containing dissolved gases (35); passing said liquid stream containing
dissolved gases to a separation zone (40) and recovering # light product (45), a liquid bottoms (50), and at least one side-cut product
therefrom (52); passing said liquid bottoms (50) and said side-cut (52) product and said hydrogen/light hydrocarbon stream from step (30)
(({l;}; :l(;' :ﬁmmglo? a hydrotreating zone; passing said hydrocracking or hydrotreating zone effluent (65) to said denitrification and




