13 June 2006 1 PROCESS FOR THE PRODUCTI ON OF HI GH QUALI TY %%%@ﬂ
DI STI LLATES FROM M LD HYDROCRACKERS AND VACUUM GAS O L 3 TERS I N
COMBI NATI ON W TH EXTERNAL FEEDS IN THE 4 M DDLE DI STI LLATE BO LI NG RANGE 5

6 FIELD OF THE INVENTION 7 8 This invention is directed to processes for
upgrading the fraction boiling in the 9 mddle distillate range which is

obtained4f rom MEKRDORSS PORCRIESPROBUCTION 'OF RIGH QUALH T iy dr oCT gfﬁg[ 3

oyl n

This i nventi nvolves a nultiple-stage process
hydr ogen Ioog&ﬁ@f‘@wm KE@EI’QFNQ)(IACNJ GABOILhe refining of

crude oi 8, VHYDROTBEATERS INCOMBINGGION WIRREXTERNE B85S iy Tiif are used to
' and netals fromthe 17 crude

renmove ippurities such ., Ni_trogen,
oi l . Typllirgally, t he mﬁ@@éﬁﬁﬂ#%ﬁ%&lwfﬁml&i al (boiling in the
range 18 from 250F-735F) from VGO hydrotreating or noderate severity 19

hydr ocr gckers does not neet_the oLnN t he cetane nunber or the 20
& 2 jmégm ddle distillate is separately

aromati c specification. |n Aest—Ca5€s
21 upgrafled by a mddle distillate hydrotreater or, alternatively, the

m ddl e oSt ate. i | epded i nto_the neral fuel oil _pool or used as
home heglat2 i ﬁﬁ%ﬂ‘?"@'}"}@ d?‘ﬁ‘g?ip"a?’goeﬁ%‘bf%'ﬂ?%g Wﬁf@ﬁ@"&@@ﬁl'ﬁ%i ling range,
from ot er middle sistiatdrange whidh i atitaindcbirath YGOChydFdirsioRgor tRedeixed Coki ng and

. Visbrealg n | 2 | ng. .Ver .ten, existing diesel
hydr ot ?Iglat %Pgé}gg n(_)liﬂcg%g'l ghféﬁ%ﬁg‘wﬁ""% RPRIFPIRESS required to
pr ocesd 1t heswlaying@singlechydragea lotpl d hydr ocracking 27 unit provides an

opportynpi ty for sinultaneous upgrading of these streanms. 28 29 There have

been sone previously disclosed processes in which 30 hydroprocessi ng occurs
wi thi n78 singl e hydr opr BAGKSRQUND OF THEINMENTIONnal 31 Publication No. WO
971380# (PCT/US97104270), published Cctober 16, 32 1997, discloses a
process _for reverse st 8%&8 I n hydr oprocessi ng reactor 33 systens. This

hydr opi®ce¥sbe r4fiiag oheru ¥atuuoOEAS Qiidwdrotreaterseamathydrozaekers 1
16 are used to remove impurities such as sulfur, nitrogen, and metéts from the
17 crude Qil. Typically, the middle distillate boiling material (boiling in the range
18 from 250°F-735°F) from VGO hydrotreating or moderate severity

.19 hydrocrackers does not meet the smo'ke' point, the cetane number or the
20 aromatic specification. In most cases, this middle distiilate is separately
21 upgraded by a middie distillate hydrotreater or, alternatively, the middle
22 distillate is blended into the general fuel oil pool or used as home heating oil.
23  There are also streams in the diesel boiling range, from other units such as
- 24 Fluid Catalytic Cracking, Delayed Coking and Visbreaking that require
25  upgrading. Very often, existing diesel hydrotreaters are not designed to the
26 pressure limits required to process these streams and the mild hydrocracking
27 unit-provides an opportunity for simultaneous upgrading of these streams.
28
.29 There have been some previously disclosed processes' in which
30 hydroprocessing occurs within a single hydroprécessing loop. International
31  Publication No. WO 97/38066 (PCTIUSO7/04270), published October 1 6,
32. 1997, discloses a process for reverse staging in hydroprocessing reactor
33 sygaems. This hydroprocessor reactor system comprises two reactor zones,




13 June 2006 1 one on top of the other, in a single reacti?n Ioo:%c()p In the
preferred 2 enbodinent, a hydrocarbon feed is passed to a Pi cati on
and 3 desul furization zone, which is the | ower zone. The effluent of this
zone is 4 cooled and the gases are separated fromit. The liquid product is
then passed 5 to the upper zone, where hydrocracking or hydrotreating may

occur. Deeper 6 treating preferably occurs in the upper zone. 7 8 U S.
gto that of 9 WO

Pat. Noq 5 P f
97/ 3806613 Xﬁﬁg? ?@ffﬁh&&h&?@% oSl t 'l%%ér:lteg ’%%J\Ags%hr%ﬁfle r om the 10
denitri fi cﬁWBﬁM@%ﬁlW@FMﬁ?ﬂ@ﬁd ischmesedHoRdesitificaign adi ng this stripper is

an 11 addi Hewmhzdwﬁ&mer fficRis thd D)Wé?zdn% %%%ﬁ%eﬁﬂﬁ‘théicﬁ%tnsreac“on zone

furization zone in order to

downst rgam tEﬂhe denitrification/desuf
F%qj{%ﬂ nd 1ha gasRF IR FRRrated tom fig (The figyid produd istban passefioses a sinil ar

sat ur at
conf i gusat ioahe uppdri2ahe, wikreHydkcrackiR ébr hRotre2tidPRhay 6our PBEeprt hout the

and the post-treat reaction zone.

‘hydrotrgatger J‘oII the str er
16 17 é l\/ﬁﬂﬂi’? P&g @\ﬁ ’Z‘l@ 20 21 22 23 24 25 26 27 28
29 30731 32 33 1In one errbodl ment, the mddle distillate is hydrotreated

'n the gang NP No. 5,980,729 discioses a configuration simitar to that of
8 WO 97/38066. A hot stripper is positioned downstream from the
10 denitrification/desulfurization zone, however. Following this stripper is an
11 additional hydrotreater. There is also a post-treat reaction zone downstream
12 of the denitrification/desulfurization zone in order to saturate aromatic
13 compounds. U.S. Pat. No. 6,106,694 discloses a similar configuration to that
14 of U.S. Pat. No. 5,980,729, but without the hydrotreater following the stripper
15  and the post-treat reaction zone.
16 A
17 SUMMARY OF THE INVENTION
18
19 Inone embodiment, the middle distillate is hydrotreated in the same high
20 - pressure loop a the vacuum gas oil hydrotreating reactor or the moderate
21 severity hydrocracking reactor, but the reverse staging configuration
22 employed in the references is not employed. The investment cost saving
23  and/or utilities saving involved in the use of a single hydrogen loop are
24 significant since a separate middle distillate hydrotreater is not required. Other
25  advantages include optimal hydrogen pressures for each step, as well as
26 optimal hydrogen consumption and usage for each product. There is also
27 maximum yield of upgraded product, without the use of recycle liquid. The
28  invention is summarized below.
29
3C  The present invention provides a method for hydroprocessing a
31 hydrocarbon feedstock, said method employing multiple hydroprocessing
32 zones within a single reaction loop, each zone having one or more catalyst

33 beds, comprising the following steps:




pressure | oop a the vacuumgas oil hydrotreating reactor or 5he ﬁﬁgerate
severity hydrocracking reactor, but the reverse staging coﬁ?'Eﬂﬁ on
enployed in the references is not enployed. The investnent cost saving
and/or utilities saving involved in the use of a single hydrogen |oop are
significant since a separate mddle distillate hydrotreater is not
required. Other advantages include optiml hydrogen pressures for each
step, as well as optiml hydrogen consunption and usage for each product.
There is al so (@aPRAtiRg 3 elreragiongerpus thedstpeidd adirst hydroprocassinge use of

reoycl e 110Ul d. Tine hieinoasmichs SUEUBRA] nibAbestig b esent | nvent on

provides a nethod fo h%l roprocessing a h car dstock, said nethod
enpl oyi ng nul ti pl é’afﬁly r B Y dreBOreRsing Zenr keitg mpintaingd &t ngl e reacti on | oop,
each zone having Gipdroprocaseing cmditiny, Siherdhths fedRidek isToRdctkie fol | owi ng

steps: 2 (a) (b) ssi_ng.a hydrocar bonaceous feedstock to a first
hydr opr ocessi ng &@%fﬁ%‘é@iaﬁ WYI89¥Y nore beds cont ai ni ng hydr opr ocessi ng

catal yst, the hydroprocessi ng zone bei ng mai ntai ned at ~ hydroprocessi ng
condi ti ons, ej f i onfacted. wth catal yst and hydrogen;
passing the \(,avfrtﬁu %téng?h esﬁlgénkgt)cslf%ﬂ é@@chéya}?@%'ﬁ’tﬂ'g@pfﬁsﬁwepr essure
separ at or, wher ei #eperatorgdiidreiothe éffiuenbistcanteted witit & hot, yatrogehy dr ogen- rich
stripping gas to ﬁghqq.;b%ﬁ, r (agmi i : ,
hydr ocar bonaceous corrpouﬁ ggggﬁ?%a?t%g% errpe‘:?}é‘pﬁgf‘@@éﬁ&%nt he boiling
range of the hydr%@&%@ﬁ&%@@ﬁfsmww&ﬂgHyalteuwﬁtursdplefoil«jbe_and ammoni a and
a |1quid stream cRilngidigBGt HeHaeEAARABSRIMRIRRRAURAGSN DOI | | N9

0 e

approximately in %lp% range of sai d_hydrocarbonaceodus edst ock; passing
the vapor stream 38 aRYaPEniaand a ligyd sironm eMePTSgt i al  condensation, to a

hot hydrogen st r itypeearbonicabiy dbghpalindsaiiihg fRoxiRaRlydh tHaddagd r eat i ng
catal yst, where I éiéhccﬁnt cted coger%de{cqrrently’ W th hydrogen, white the
liquid stream of SPap 1B A ONEERURIEEFN  4ct i onati on:

(6} passing the vapor stream of step (b} after cooling and partial
~ condensation, to a hot hydragen stripper containing at least one
bed of hydrotreating catalyst, where it is contacted countercurrently
with hydrogen, while the liquid stream of step (b) is passed fo
- fractionation; | ‘

(d) passing the overhead vapor stream from the hot hydrogen
stripperfreactor of step (), after coaling and contact with water, the
overhead vapor stream comprising hydrogen, ammonia, and
hydrogen sulfide, along with light gases and naphtha to a cold high
pressure separator, where hydrogen, hydrogen sulfide, and light
hydrocarbonacecus gases are removed overhead, ammonia is
removed from the cold high pressure separator as ammonium
bisutfide in the sour water stripper, and naphtha and middle
distillates are passed to fractionation;

2a




(d) passing the overhead vapor streamfromthe hot hydr ogeg
stripper/reactor of step (c), after cooling and contact. w ?1]9%%9106 t he
over head vapor stream conprising hydrogen, amonia, and hydrogen sulfide,
along with Iight gases and naphtha to a cold high pressure separator,
wher e hydrogen, hydrogen sulfide, and |ight hydrocarbonaceous gases are
renoved overhead, ammonia is renoved fromthe cold high pressure separator
as amonium bisulfide in the sour water stripper, and naphtha and m ddl e
distillates are passed to fractionation; 13 June 2006 (e) passing the
liquid streamfromthe hot hydrogen stripper/reactor of step (c) to a
second hydroprocessi ng zone, the second hydroprocessing zone containing at
| east one bed {gf pda;ydgﬁmltqoiﬂﬁdeagfﬁﬁimbynethyﬂrdgbabtrﬁpémaaomfati c saturation
and ring openin ein th uid i ont acte der hydroprocessing
conditions with t %D\Aﬁg r %%088‘29%‘? %Hog%sﬁipygr?e Set%ﬂ &1pr esence of hydrogen;
(f) passing the dwdrdp&mdssf‘mmmﬂetmntaoimi;dﬂle;htmedmdmfe separator of step (d)
to an absor ber, .hydrogen is
conpressed and rm})ﬁ/c e‘%x%'ﬁ)%@éPtdilé%é%sﬁ%'{’@'g@%eﬁ“‘gﬁéﬁﬁ rrllrtb%/he | oop; and
(g) passing the e”fpfemuemhemmﬂteépu@egwmqtédanwerhydmgmqwbssure separ at or

of step (d). Ther h processi ng a
hydrocarbon feeds , sai Egﬁﬁ?wb&gﬂ gt @Sh%@néeg?ﬂ%’vﬁ reaction zones
within a singl efwéfaﬁfm-on | oop, conpri si ng the follow ng steps: 2b 13 June

2006 | (a) passing a hydrocarbonaceous feedstock to a first hydroprocessing
zone 2 havi n&gone or nore beds cont ai ni n ydroproceSS| fg catalyst, the 3

hydr opr ocessi thy Pasringdbe averheadifram thecrolst espire seppsatagolcondi ti ons, 4
wherein the feed%tee%nb%n%egﬁrs&tﬁﬁeeénr{y&oga{ﬁlm@t.s?é?ﬁodaudfeﬂﬂ@n 5 6 (b)
passi ng the effluent "of p (a) directly to a hi gh pressure separ at or,

7 wherein the ef fydiegan ‘F@@Wﬁﬁ%’cw reycleddo hYﬁfOPrﬁ‘}ftﬁsﬁ‘gé’ﬁﬁ?q%h stripping gas

within fhe loop; and

(g) passing the effluent of step (e) to the cold high pressure separator
of step (d).

There can also be provided a method for hydroprocessing a hydrocarbon

feedstock, said method employing at least two reaction zones within a
single reaction loop, comprising the following steps:

2b




8 to produce a vapor stream conprising hydrogen, hydrocarb?g?c%ﬁgﬁﬁg
conpounds boiling at a tenperature bel ow the boiling range of™ 10

hydr ocar bonaceous feedstock, hydrogen sulfide and ammonia and a 11 |liquid
stream conpri si ng hydrocar bonaceous conpounds boiling 12 approximately in
the range of said hydrocarbonaceous feedstock; 13 14 (c) passing the vapor

oLream ot stap kb i BlcSROMIRA AR Bhel rEGROSASALAR, 10 2 Mot

stripper,contalning at east one

hydr ogen S .
catal yst 2 wher 13ving;oge cpmeshesis certaining hydropeaessingwiatalyst theny dr ogen, whi l'e

the liquBd stragaroplocsssiy £dk hbﬁ.gmaaﬁemﬁya&f&dc%@ﬁgd Qditiond 19 (d)

passi ng ahe over,head Vv go sc%r_eamfrom_t he hot hydroden stripper of 20
step (c); afterMF”(Secﬁ'fhr‘?g%‘{?H’ srontacted yvith catalygband hydiagenover head vapor 21
stream cbnpri si ng hydrogen, ammoni a, and hydrogen sul fide, along with 22
i ght gagesgand naphiha_to a cold hjgh pressure separator, where 23
hydrogeﬁié hgpgr g’&%ﬁg%{?lefeﬁiﬁ’ “g‘ﬁﬁ%f’g@r#ﬂ'%ﬁyc}?ééﬁ’m'ﬁhaﬁﬂﬁs@%@é’?’-are 24
renoved bver headeramtierifuentis canataiwith # vt hairegndichisgippRpeasure 25
separ at as am&y&g{_pi sulrfide in the ilo%lr wat er strrE(i#Paper, and naphtha 26
and mddl e distlilares SPef pURATLePmATsng bydrogen, fydipearbanacealis e) passing t he
li qui d s¥ream Fpwpeurde bhiling aledtemgenatusé beélpw te filingramye(cfthd 0 @ 29 second
hydr oprggessin JaT- A, roc i ng. zone .30 contai ni ng at

| east oﬁje; bed g¥a_rﬁydr o%?%%‘%?é?‘hg cﬁéﬁgg?sqﬁﬁﬂg’ﬁé@’?ﬂ'&a faromatic
sat ur atYon andliquichgfreapeeinmyisingipdrecatbariaeedisqoimpousdsttmiiingct ed 32 under

hydr oprgcessi n@&%h@yqqge%% ggglgrw&yg?%ﬁ&%%gg%n@g&q%il ¥st, in 33 the

prese-n01e3 of hydrogen;

14 (¢} passing the vapor stream of step (b}, after cooling and pattial

15 condensation, fo a hot hydrogen stripper containing at least one bed of
16 hydrotreating catalyst, where it is contacted countercurrently with
17 hydrogen, while the liquid stream of step (b} is passed to fractionation;
18
19 (d) passing the qverhead vapor stream from the hot hydrogen stripper of
. 20 step {c), after cooling and contacting with water, the overhead vapor

21 stream comprising hydrogen, ammonia, and hydrogen sulfide, along with
22 light gases and naphtha to a cold high pressure separator, where
23 hydrogen, hydrogen sulfide and light hydrocarbonaceous gases are
24 removed overhead, ammonia is removed from the cold high pressure
25 separator as ammonium bisulfide in the sour water stripper, and naphtha
26 ~and middle distiliates are passed to fractionation;
27 .
28 (e) passing the liquid stream from the hot hydrogen stripper of step (c) to a

- 29 second hydrop_rocessing' zone, the second hydroprocessing zone

30 containing at least one bed of hydroprocessing catalyst suitable for
31 aromatic saturation and ring opening, wherein the liquid is contacted
32 under hydroprocessing conditions with the hydroproceésing catalyst, in
33 - the presence of hydrogen;




8 9.10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
28 29 30 31 32 (9) passing the overhead fromthe cold F]?’é‘ﬁ’.ep?roggsure
separator of step (d) to an absorber, where hydrogen sulfide is renoved
before hydrogen is conpressed and recycled to hydroprocessing vessels
within the loop; and passing the effluent of step (e) to the cold high
pressure,separator.-of - ste d). BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
Tat ¥k Pafsind h‘ﬁr"éﬁ%‘%g& “&Fﬁ‘)' thespld Highpreesure pepasaiatof sieeddment r eact or

1 illust _
is a mdale di 36 bh bbscroarngcae R MEnEIEE B RhRSetber@RRysbEREE! Y the sane

3 compressed and recycled to hydroprocessing vessels within the loop;
4 and

5
6 (9) passing the effluent of step (e) to the cold high pressufe separator-of-
7 step (d). |
8
9 BRIEF DESCRIPTION OF THE DRAWINGS

10
11 Figure 1 illustrates a hydroprocessing loop in which the post-treatment reactor
12 is a middle distillate upgrader which operates at approximately the same
13  pressure as the first stage reactor.
14
15 Figure 2 illustrates a hydroprocessing ioop in which the post-treatment reactor
16 is the same as that of Figure 1, but operates at lower pressure than the first
17  stage reactor. A noble metal catalyst is used in the post-freatment reactor.
18
19 DETAILED DESCRIPTION OF THE INVENTION
2

- 21 Description of the Preferred Embodiment
22 .
23  Description of Figure 1
24
25  Feed in stream 1 is mixed with recycle hydrogen and make-up hydrogen in
26  sfream 42. The feed has been preheated in a process heat exchanger train,
27  as are the gas streams. The mixture of feed and gas, now in stream 34, is
28  further heated using heat exchangers 43 and furnace 49. Stream 34 then
28  enters the first stage downflow fixed bed reactor 2. The first bed 3 of reactor

- 30 2 may contain VGO hydrotreater catalyst or a moderate severity hydrocracker
31 catalyst. There may be a succession of fixed beds 3, with interstage quench
32 sireams, 4 and 5 delivering hydrogen in between the beds.




pressure-as the first stage reactor. Figure 2 illustrates a_hydroprocessing
|l oop in which the post-treatnent reactor is the sane as t A3 PO gure 1,

but operates at | ower pressure than the first stage reactor. A noble netal
catalyst is used in the post-treatnent reactor: DETAILED DESCRI PTI ON OF THE

| NVENTI ON Description of the Preferred Enbodi ment Description of Figure 1
Feed in gtr o 1. %€ ith recycle hydrogen and make-up hydrogen in
stream 42. ?ﬁgekﬂgg%%@aﬂ‘gé" Pé r@dwFﬁgQagg‘ﬁf@é\’g"%@é@é’%hanger train;
?s aL e tge wadialiy rydeovmacked) eontaikg bydrogein s‘uﬁag, émdf ofiaSighligases N Stream ﬁ4, is
urther Rea Si X ngers 43 an ur nace, 49,. Stream 34 then
enters the ?‘?&gﬁgﬂgﬁ%&g@h‘vﬁeﬁ?@%y riOE{g%fegggcqugthsoql- S’hegﬁ@e@ti rst bed 3 of
react or 42 mraiprsibe belihigh\yBs sugeceparatmive flashadonb Bsit hedvyaili@mesrat e severity
hydr ocr agkepmu&aicahdifins b siepn of  fixed heds 3, with

i nt er st age qugnctﬁ%streanggﬁdﬁg‘eﬁ%%@@%ﬁg%@fﬁwp 'ﬁéﬁ'aF a8t ween t he
beds. 136 JufRPraiediram thecunspmvertedh oil. 6Thef hat highfaresstiresdepgmatordasor 2, whi ch has

been hydyot §aak Ay ' rﬁm Lps hydrogen sul fide,
ammoni a, _| i ght ﬁﬂjs‘?es, '?%Hgﬁ’ﬁ%'ﬁﬁ%ﬂ#sgx e é‘%@%ﬁiﬁ?g?(g&g{?gs@@%treat ed vacuum
gas oil .8 Thibraghislieam46.4 enters the hot high pressure separator or flash

zone 8 g heavy oil reactor 5 effluent conditions where part of the diesel

and m)s,i of .the |ighter material is 6 separated fromthe unconverted oil.
The hot 1thi (Pirgamee Suyvimasiy hysrtretet beavy gag o diolliog at femperaturesii t h hydr ogen ri ch
gas i nt{pd e o0 Ster LoDl tr 46. 9 10
Stream 9 i ;tﬁ géf*i ﬁhaﬂf? ﬁygﬁgﬁ%ﬁoeﬁ&ﬁéetgﬁlﬂag%?g%%gquggurﬁar?ge%gg t enper at ures
11 greatler theupronveied oitiscsepbioke fractionafiopsectiontinatream dssure i s reduced
~before 43l2 the unconverted oil is sent to the fractionation section in
stream11. 13 14 Stream 21 contains the overhead fromthe hot high
pressurld s&igamIrcontains dhe aueriead fiom the bpidiigh preesucé seppsato? (by st eam

gener attison SkeaiAGE8soldiiA bxchafl ' hot hydrogen
stri ppqr/rea ?or 23, Strea’r‘nd‘%lg&)lg?q?f%%m_ omﬁ?@&ﬁ?#}g&é a bed of
hydr ot n8at FKE'aREE)hejrse erfering fhe het hydrosgn stripperiraciet 2% Stieam 2bunt er cur r ent

f 1 owi ng7hy dlewgaowrivedly &irsAE Bel-of hildrotreating catalyst 52, while being
18  contacted with countercurrent flowing hydrogen from stream 51.
19
20 The overhead stream 26 contains hydrogen, ammonia and hydrogen sulfide,
21  along with light gases and naphtha. The differential operating pressure
22  between the hot hydrogen stripper/reactor 23 and cold high pressure
23  separator 17 is maintained by controi valve 50. Stream 26 is cooled in
24 exchanger 27 and joins stream 14 to form stream 16. Water is injected
25 - (stream 36} into the stream 46 to remove most of the ammonia as ammonium
26  bisulfide solution (ammonia and hydregen sulfide react to form ammonium
27 bisulfide which is converted to solution by water injection). The stream is then
28  air cooled by cooler 45. The stream 16 enters the cold high pressure
29  separator 17. Hydrogen, light hydrocarbonaceous gases, and hydrogen
30  sulfide are removed overthead through stream 19, Hydrogen suffide is
31 removed from the stream in the hydrogen sulfide absorber 20. Ammonia and
32 hydrogen sulfide are removed with the sour water stream (not shown) from
33  the cold high pressure separator 17.




20 The overhead stream 26 contai ns hydrogen, amoni a and hégrQEe sul fide,
21 along with |ight gases and naphtha. The differential op é?‘ﬁ%méressure
22 between the hot hydrogen stripper/reactor 23 and cold high pressure 23
separator 17 is maintained by control valve 50. Stream 26 is cooled in 24
exchanger 27 and joins stream 14 to formstream 16. Water is injected 25

(stre 3 ' he s to renoyve S f .t l.a as ammoni um
26 bi ?l?l flggéeednggﬁu%’%nmb%wﬁ% goggﬁﬁcﬁgagdﬁﬁnéa%efigg&rrﬁé%ghro f orm anmoni um
27 bi sl f 3®anduplitstinto streamy 29 aind 32.0 Sedm 32 gasdey tothiedwot hydregdn on) . The stream
is th | d l.ef. .4 r ers the cold high
pressﬁépe %@p%é%%a%g#g?-#arﬁégr'sgg'gﬁr?eqf?%ﬁﬁ%aﬁd?é&%?%%ﬁéceous gases, and

hydr oglen in@fstagd duedeh. sSteeamend ardl 5 evedinated ftonr sitegn 3t.r8teeani 89, Hydr ogen

sul fi [ . fi . i {1 de absorber 20.
amonita. oo R, & S0 iEg Wi gl bl BAHTE cBbPREE, 27°C1 ream
(not  $howwh ditfeed stBBnt he col d hi gh pressure separator 17. 5 13 June 2006
Strea? 40, which contains hydrogen-rich gas, is conpressed in conpressor

30 and splits into streanms 29 and 32. Stream 32 passes to the hot hydrogen
st ri per /MaleeuphydhRien S8isscomBésses] atideent todour iseparsterieeativ®® f or use as

cont aion npsHuh Efeact! B il RSl b o SRR O 5’ Combi ni ng
with16i | thebot high pessute sepakatorpthnyughatiream38, foshechotihiydroged and sent to four
e eperist > o Rpal kAl i RN oA UThEhu PubRERRRA  § (o0 ol oML
46, ti@ t Keirdam 35)yacangline with réqyple diesebartkeroseti antgbestse¢as 51, and to the
er oddne Meteldgl gledthd sa ac, BhorERRo el b AR D Batb Ao e o i g ke up
hydr dgen mqkasmdydtogem bampressar-3dp Frgrd istig@m 4¢ ovhictessdte coBipresBoom st r eam 41,
and 18" aPd TR Riosssl PR S PHn 3r 2500 A8 a0y HBREE TSt 75T one or
npre1ﬁu|pip|e beds 13 of hydrotreating/hydrocracking catalyst (such as
to 1 abr onas gt fuBRlceradsf 12 cboriglh o R T ahcie PRIIERSRIVAN . Cerane.
i nde#8 | hydroteatinpbydroeracking catflysfi(sachias NiHdo, Ni-dMhed/dr satilé | at e upgrader is -
oper g4 €dnRalPBPARHalPLdN4tdH Snd AT opening to improve diesel product

20 qualities such as aromatic level and cetane index. In the embodiment of

21 Figure 1, the middle distillate upgrader is operated at approximately the same

22 pressure as the first-stage reactor 2. Quench gas (stream 47) may be

23 Introduced in order fo control reactor temperature. Stream 24 may be

24  combined with recycle diesel or kerosene (stream 48) from the fractionator

25 when no other external feeds (stream 7) are to be processed and cooled in

26  exchanger 25, Hfrdrogen from stream 35 is combined with stream 24 prior to

27  entering the middie disfillate upgrader 12. Stream 24 enters the reactor at the

28 top and flows downwafdiy through the catalyst beds 13.

29 | |
30 Stream 14, which is the effluent from the middle distillate upgrader 12, is used
31  to heat the other process streams in the unit (see exchanger 15) and then
32  joins with stream 26 to form stream 16, which is sent to the effluent air cooler
33 and tfien to the cold high-pressure separator 17. Waier is confinuously

6




pressure as the first stage reactor 2. Quench gas (stream 4;?1 ge
I ntroduced in order to control reactor tenperature. St reamt “rfrf(%o e

conmbined with recycl e diesel or kerosene (stream 48) fromthe fractionator
when no other external feeds (stream7) are to be processed and cooled in

exchanger-25. Hydrogen fromstream 35 is conbined with stream 24 prior to
12. Stream 24 enters the reactor at

entering,the mddle. distillate upgrader, 14
the t 081 an’ﬂ‘eftﬁg\'ﬂé‘o tﬁ‘8ﬁ%ﬂﬂ%ﬁfﬂrﬁ%ﬂfwt gipeclelita preyent ghadepesitionst r eam 14,

whi ch i 2 t haf seltsf ih ttendir dootertubbe. mitkslbad Righ bidsk@bQepigtoader 12, is used to
heat the, ot treans in the unit (see _exchanger 15) and then
joi ns V\A%[ h ﬂétﬁfoggﬁﬁqgrg%ﬁgl%ﬁ aglpragmq%{éa ﬁhg"rﬁ‘gﬁg'es‘é’ﬁfaheg’gs ?ﬂ-f-’zef fluent air
cool er “and!$ while naphthaend alidtiiddistillafes esis threugharesratisito fdctioldtioar i s ‘
conti nuGys| g, gé;‘ne 2006 1 injected into the inlet piping of the effluent
air cooler to prevent the deposition 2 of salts in the air cool er tubes.
In the &Il d high pressure separator 17, 3 hydrogen, hydrogen sul fide and
anmoni a 7 e%c;il%&ﬁg{pigﬁ,%%)verhead stream 4 19, while naphtha and m ddl e
distillates exit throu stream 18 to fractionation 5 (stream39). 6 7
Descriplai on of Figure 2 8 9 As described in Figure 1, feed in stream1l is

X ot h AN bR G 8 ol st TR ot HTEGRRy biboB) bEGT 2 The T eed

has beera preheated in a process heat ex n¥as are the gas

streang? THEKELR fydragest inplream 424 Thrifsed has besn prehesteddampdecess s f ur t her

heat ed 14si Rgatles S eh ok ; 34 then enters
the fir T &an@éﬁﬁﬁ%@%{éﬂlééa i %‘é?lgﬁ@rc?hoé?%dg&ﬁ %?4 bed 3 of

§t st age .downf | ow fi xed bed react or
react on%2 M%&?ﬁ?@i ' i beated usinaheat axchiagaars 43 and fumpseSde 15 severity

hydr oc tackstreana B4 thenlenteld b ArsPBMgd 8ot AOWIRES BLPRABh, 3 ’\‘ﬁ'éiﬁngteds 3, 16 wth
h etween the 17

I nterstag h streans, 4 and 5 delivering hydrogen in

beds. i@ ell%ﬁ@e%cﬁ?"ﬁf@ﬂf% VeRdwaratreates eatalyst of ameadsrate whi ch has been

hydr ot #12at safedty flydrdCragiaer tatalyity THi@ %/ RCK Sthce SSIH GFiaksd Badrogen sul fi de,

anmoni I iiﬂn es 1 naphtha, m.ddle distillate and hydrotreated

vacuum?egas ol f't.egs?i?ée %pﬁ%w&sﬁa%@ delveginghydmoeninbetyeentar e separat or or
- flash ¥onebe®lsat heavy oil reactor 23 effluent conditions where part of the

di eselqg@and nost of the lighter material is

19 The effluent 6 of the first stage.reactor, which has been hydrotreated and
20 partially hydrocracked, contains hydrogen sulfide, 'ammonia. light gases,
21 naphtha, middle distiifate and hydrotreated vacuum gas oil. The effluent
22  enters the hot high pressure separator or flash zone 8 at heavy oil reactor
23 effluent conditions where part of the diesel and most of the lighter material is
24  separated from the unconverted oil. The hot high pressure separator has a
25  set of frays 44 with hydrogen rich gas introduced at the bottom for stripping
26  through stream 46.
27
28  Stream 9 is primarily hydrotreated heavy gas oil, boiling at femperatures

29 greater than 700°F. The vaive 10 indicates that pressire is reduced before
30  the unconverted oil is sent to the fractionation section in stream 11.
31 ‘

32 Stream 21 contains the overhead from the hot high pressure separator and
33 may be joined by extemal feed 7. Stream 21 is then cooled in exchanger 22

7 .




24 separated fromthe unconverted oil. The hot high pressu&s sqggi or has

a 25 set of trays 44 with hydrogen rich gas introduced at HB“ om f or

stripping 26 through stream46. 27 28 Stream 9 is primarily hydrotreated

heavy gas oil, boiling at tenperatures 29 greater than 700F. The valve 10

i ndicates that pressure is reduced before 30 the unconverted oil is sent

to the f aaﬁio&ation section in stream 11. 31 32 Stream 21 contains the
fr

over head f r'EFPERR 976erafongt Pracesshpat exchisngalibsforesnteringdhadagibe j oi ned by

(e>t<)t er nal2 f egdrogen Strippafivabor 2. Siﬂé?dinh Q@ﬂbﬁﬂdéwhv@ﬁﬁbhfﬁtﬂﬂ@ﬁa%%dﬁfﬁ Jﬁnehmog |
y ste ration _or ocess, heat ex nge) before entering the hot

hydr oge??ms gﬁla %S%%tﬂgecg%ygfgﬁgﬁf@qrg&?ﬁ%?qﬁgl&kgoagm?ﬁﬁywpﬁr ough a bed of

3 hydr ot ediyidrogen foralstredm B2, whil e being contacted with countercurrent

flow ngg 4 hydrogen fromstream32. 5 6 The overhead stream 26 from hot

- hydrogen stripper/reactor 52 contains 7 hydrogen, ammoni a and hydrogen

sul fi de8 alThegveshead stieght26damsncisot hpdrogemsipippanacactor 52 sontaing ed i n exchanger

27. Vat er ingdloBLEShegh 1140 w9y “to renove nost of

t he amoni fﬁasaarh*rpni t?m [ ??W%)es'}s!o ?U?llhgiw't@@?é%%g]ﬁﬁg and hydrogen

sul fi de8r edaphthe K isroepladinenihangst 27 Watbe isinjeeted (streant 86kioteike t ed to sol ution

by wat eg | Qir&shbo I 2 ' ool er 45. The
effluent fromt hemaﬁep-ggrgﬁgﬁ?g’?tdméﬁgs %@hgﬁﬁﬁ%ﬁl@éssglég%ﬁm separator 17.

Hydr ogdf, (ﬂf@lﬁ?nfﬁﬁmB@aqgsﬁﬁ@!ﬁ@@@mggm,amwimgisu dgwhichissul fi de are
r enovedq ovegshiened mowghbﬁaﬁ&qmb&%n).Wl?éf g%gﬁ, ;gmeiligg?og%d g,? renoved (stream

51) frigl the streamin the hydrogen su absor 16 Ammoni a and

hydr og s_ﬁ??"?’d@- i18e pEe amithe AT eoplerstars tharceld highrrsessie? (st ream 48) from
the coltd hsefargtorets Hyarogem agiathpdrotdrborideBadysias, aBinGdrodéh cont ai ns hydr ogen,
IS con?%esslgp I n co%reﬁ?ssor 30 and splits into streans. 19 29 and 31.
Stream 31 T4RIBMA Pesthead targugivetraag) 19, sldydiegenidiide isage 20 quench.
St reants 4 mnbved @tread iSTpdnefiefstream st Hedifidgen SiiRaBsaBer NNt ai ning 21
hydr oggn, s _combined wth drogen stream 42 prior to conbining with oil
B B i A RS v
22 feelP st RAIQRi an gdrogen sulfide s removed with the sour water stream
17 (stream 48) from the cold high pressure separator 17. Stream 40, which
18 contains hydrogen, is compressed in compressor 30 and splits into streams
19 29 and 31. Stream 31 is diverted from stream 29 for use as interstage
20 quench. Streams 4 and 5 are diverted from stream 31. Stream 29, containing
21 hydrogen, is combined with hydrogen stream 42 prior to combining with oil
22  feed stream 1.
23
24  Make-up hydrogen 38 is compressed and sent to four separate locations,
25  upstream of reactor 2 to combine with feed stream 1 (through stream 42), to
26 the hot high pressure separator 8 through stream 46, to the hot hydrogen
27  stripper/reactor 23, and to the middle distiliate upgrader (stream 35) to
28  combine with recycle dieset or kerosene or to be used as interstage quench.
29 Stream 38, containing make-up hydrogen, passes to the make-up hydrogen
30 compressor 37. From stream 41, which exits compressor 37 containing
31 compressed hydrogen, streams 35, 42 and 46 are diverted. '
32




24 Make-up hydrogen 38 is conpressed and sent to four separate |ocations,
25 upstreamof reactor 2 to conbine with feed stream1 (thrlééEfFP?so(oﬁeam 42),
to 26 the hot high pressure separator 8 through stream 46, to the hot
hydrogen 27 stripper/reactor 23, and to the mddle distillate upgrader
(stream 35) to 28 conbine with recycle diesel or kerosene or to be used as

i nter st age AuAGeHbodRSySiHeRRRIS BRI IR BNl goen. passes to

the make: up Q»/drogsg‘n 30 _conpr essor r ot ich exits
conpr essor YeLRiRtswihay the first siage eenston 2 igriddeireans?4) famghabot 42 and 46 are
diverted BdrdgdndtipperddGSreduddd ih Biess@ERALVARDDS) dhli®s dnfifllea di stillate
upgr adi ng react 0%6_12 oper at es at | ower pressure than the first stage
reactor ‘2. ‘E'ﬁ‘q'ﬂf" f%'f"'{dg%ﬁi’ﬁﬁeaﬂﬂﬁﬁﬁéh%ﬁﬁm"@ﬂﬁ%ﬁd@&m%ﬁspﬂﬁﬁer 52 is
Eeduced 5 g)tpeemkel-lup hydtb@em/@?pﬁasé&ﬁia;ﬂbdyaeﬁ@rﬁbéwd]@sw éthr?ﬁake[(up hydr ogen
stream Lt and .st age af canpression .o t he make-up.
hydroger%33 cosrggﬁ%gsbgralagqu@aﬂ}@wea'%&f‘ﬂ?@ﬁégg?’ﬁaﬁ@spé?he@%@‘? eam 6 50) may be
added at? t lixshgngien25) tdthe middie distillatesupteatder a2, twhichis pleRdbly icAddd exchanger 25)
to the g dq. L.SE | upgrader, 12 L,Ghal eferably loaded 8 with
one or ?Drgér'@eog’g%téw olﬁegté)%g Oﬁ&?bi? mggfgaff@!‘ﬁs? 1%3? ?Eﬁgti'?"@f(ei“ﬂe nmake-up 9
hydr oge® i didiegen istavailable ayueendh (Seane dT) befyednahebais fodmuttysids for nul tiple
10 bed 4applyi h s ( LS. ed in a series of
eat 13 erehapblkaton HRab efiicot EBim3) eI ddeB BEAE oy ac or a0, 12
13 Over'flea@*<hapaers38 and senttche cald high Ipregsurersesaratoed@epar at or 49 i s

essentiqal ly 14 high-purity hydrogen with a small anmount of

hydrocgr bonaceous light gases. 15 The vapor is sent to the nake-up
hydr ogén c@ﬂﬁ'ﬂ’é@%mp%%ff%m@%@ahm@swkéemqnatmisgesenﬁeﬂyr eam 29) is sent

toth I ghi i ' t 8, d hot
L b s weosensi iyt Miukouckntiazsl o piser o5 o o

hydrog&g SI'_{]I er/reactor 23. omthe cold
hi gh- prassut %%S’r"’&f‘b‘?ﬂ"ﬁ“ﬁ“@*%ﬁﬂ*‘t@"@ﬁ@P@ﬁ%&fﬁ?o@&ﬂPtﬂ%&@ section (stream

53) af 1@r makeSphpdro@MUstidai29)2 spt (AR kA pradBineRedciorioNfhedlidd uent from the
to heat the other process

i ddl [ ' , d 1
;nt r eare}?sfi: ?\‘g'JF#e"%% %&ia;ijaor%ér}g %éq( éﬁ%lﬂéﬁg’i%ﬂp@ﬁfﬁe% <dsBoYoms (SYeAB col d high
pressul® stg)dircat the cdid hightpeedsugiieflarafds o @ndentfo tedfrsbtibhdion23 pressure
separ a1 Aiod{EANSHarchBRiTo kit Onat 0N 24 25 Feeds

20  Stream 14, which is the effluent from the middle distillate upgrader 12, is used
21 to heat the other process streams in the unit (see exchanger 15) and passes

22 to the cold high pressure separator 49. The liquid effluent of cold high

23  pressure separatof 43, stream 39, passes lo fractionation.

24
25 Feeds
26

' 27  Awide variety of hydrocarbpn_feeds may be used in the instant invention.
28  Typical feedstocks include any heavy or synthetic oil fraction or process
29  stream having a boiling point above 300°F (150°C). Such feedstocks include
30  vacuum gas oils, heavy atmospheric gas oil, delayed coker gas oil, visbreaker
31  gas oil, demetallized oils, vacuum residua, atmospheric residua, deasphalted
32 oil, Fischer-Tropsch streams, FCC streams, efc.




26 27 A wide variety of hydrocarbon feeds nmay be used in the instant

i nvention. 28 Typical feedstocks include any heavy or syndh&umez0§p|
fraction or process 29 stream having a boiling point above 300F (150C).
Such feedstocks include 30 vacuumgas oils, heavy atnospheric gas oil,

del ayed coker gas oil, visbreaker 31 gas oil, denetallized oils, vacuum
resi dua, atnospheric residua, deasphalted 32 oil, Fischer-Tropsch streans,
FCC st r ehnsbordqefirsigeaciion gage, Jypingl feedywill bp yagyupsgasQilghaavy RokeF age, typi cal

feeds W2l de oldeeaspaaRdQill Lightpié¥dSaies as saaigﬁwmaibséamgﬁt@alaha: t eﬂt Oiclok
i ig er

Li ghter feeds_ such as straight run diesel, |light cycle 3 ,

gas o1 1 b 9 W Snen el GEbeker ghe Giian bRt brEsam Bhthe e | 4 hot

hydr ogem stiiot Rpiodencstiperreddor 8. 6 Products 7 8 Figures 1 and 2 depict two
different versions of the instant invention, directed 9 primarily to high

quality 'mddle distillate production as well as to production of 10 heavy
hydr ot r dat eRtodixgs oi | . 11 12 The process of this invention is especially
useful i.n the production of mddle 13 distillate fractions boiling in the
range of about 250F-700F (121C-371C). A 14 mddle distillate fraction is
def i ned 8as Higwéntard Ddeficthge differgat viersions aib thetinst&id vediont direfBGF. At | east 75

vol % preef erahl: 0 LOr 5\919‘ \ distillate
have a r‘?gr%‘ﬁ%%’lt‘?ﬁiﬂgagﬁ?ynrﬁ{dg%%gé;“fefag?g@a?ﬁ%ﬁ38&8&% t tguacggfl'&l?_ about 75
vol % phlef dveaw Rydedregled gas off. t he conponents of the middle distillate 18
have aqormal boiling point of |less than 700F. The term"middle distillate"

19 includes the diesel, jet fuel and kerosene boiling ra_nge fractions. The
20 ker dgendheprqcass qf s inpesition ispspetially usefbja theagreductionotmiddieange bet ween

280F ang  giktidofradtidifboilingHithe rdidR of S5t "z%@%bolbgbhicﬂgﬂoé 1gg" refers to
hydrocarbons 22 boiling 'n the range from 250F to 700F (121C 371G . 23 24
Gasol i 1€ omidtipdisilaterfemption is defined jgs baviega boiling taegpfromabeut@b0tfhi s i nventi on.
G- 38 ol T RObR B G0 blsteral b8 virh, b1 EARRBRE ) O T any
parti cdbar middle digfilfate have a normal boiling point of greater than 250°F. At least
17 about 75 vol%, preferably 85 vol%, of the components of the middle distillate
18  have a normal boiling point of less than 700°F. The term “middle distillate”
19 includes the diesel, jet fuel and kerosene boiling range fractions. The
20 kerosene or jet fuel boiling point range refers to the range between 280°F and
21 525°F (138°C-274°C). The term “diesel boiling range” refers o hydrocarhons
22  baoiling in the range from 250°F to 700°F (121°C-371°C).
23
24  Gasaline or naphtha may also be produced in the process of this invention.
25  Gasoline or naphtha normally boils in the range below 400°F (204°C), or Cs-.
26 Boiling ranges of various product fractions recovered in any particular refinery
27  will vary with such factors as the characteristics of the crude oil source, local
28  refinery markets and product prices.
29
30 Heavy diesel, another product of this invention, usually boils in the range from
31 550°F to 750°F.

32

10




27 will vary with such factors as the characteristics of tt}g crude oil
source, local 28 refinery markets and product prices. 29 gu di esel
anot her product of this invention, usually boils in the range from 31 550F
to 750F. 32 10 13 June 2006 I Conditions 2 3 Hydroprocessing conditions is
a general termwhich refers primarily in this 4 application to
hydr ocr gckidagqggnd'ydr ot reating, preferably hydrocracking. The 5 first
stage reactor, as depicted in Figures 1 and 2, nay be either a VGO 6
hydrotr@ater or a noderate severity hydrocracker. 7 8 Hydrotreating
condi ti gns g i A00F- 900F 9 (204C-4820),
prefer agl y%@%hwgg%%ni@g@%i ?g@élg%ﬁgﬂﬁggﬁ%%r@g%y 'ﬁ@'st o 5000 psig
( pounds 4 peAPrigatigndoihydiecigeiingegr hydroeding corrfesgbly ydedosackingy TA®00 11 to 3000
psi g (750- Rlet fadfractor i ggsvg ; W (v/v); and 12
overall _hydro e%éoconsdr?%t%iegﬁtég%ngzlédé 50 Bé)gb'?a%gg%haehgé@of l'iquid

fbo df(%?#%’é}ﬂa(rgyemt@,wemhmmwg@g._ 14 15 In the enbodi nent shown

hydr oca
in Figure 1, the first stage reactor and the mddle 16 distillate upgrader

2t ho. i dHIEoGRathg Poiens BulodE reotonisEInarsiv tatwaenHEWETOUEF pr cssur o i ha
, pressure than
the first @bswr4sRes Rerably 656:-858% (383-C-484°C%4 préSurdfort £00

10 to 5000 psig (pounds per square inch gauge) (3.5-34.6 MPa), preferably 1000

11 10 3000 psig (7.0-20.8 MPa); a feed rate (LHSV) of 0.5 hr' to0 20 hr! {viv); and

12 overall hydrogen consumption 300 fo 5000 scf per barrel of liquid hydrocarbon

13 feed (53.4-356 m¥m® feed).

14

15 In the embodiment shown in Figure 1, the first stage reactor and the middie

16  distillate upgrader are operating at the same pressure. In the embodiment

17 shown in Figure 2, the middle distillate upgrader is operating at a lower

18  pressure than the first stage reactor.

19

20  Typical hydrocracking conditions include a reaction temperature of from

21 400°F-950°F (204°C-510°C), preferably 650°F-850°F (343°C-454°C).

22 Reaction pressure.ranges from 500 to 5000 psig (3.5-34.5 MPa), preferably

23 1500 to 3500 psig (10.4-24.2 MPa). LHSV ranges from 0.1 to 15 hr! (viv),

24 preferably 0.25-2.5 he'l, Hydrogen consumption ranges from 500 to 2600 scf

25 perbarrel of liquid hydrocarbon feed (89.1-445 m® Ha/m? feed).

26
27 Cataiyst
28

29 A hydroprocessing zone may contain only one catalyst, or several catalysts in
30 combination.

31

32 The hydrocracking catalyst generally comprises a cracking component, a

33 hydmgenation component and a binder. Such catalysts are well known in the

1




28 29 30 31 32 33 Typical hydrocracking conditions |nclgge a_ reaction
tenperature of from 400F-950F (204C-510C), preferably 6501 006
(343C-454C). Reaction pressure. ranges from 500 to 5000 psig (3.5-34.5
MPa), preferably 1500 to 3500 psig (10.4-24.2 MPa). LHSV ranges fromO0.1
to 15 hr 1 (v/v), preferably 0.25-2.5 hr'. Hydrogen consunption ranges
from500 to 2500 sof per barrel of liquid hydrocarbon feed (89.1-445 n8

- Hz/ n8 féedt EBR APSKAY AMRPERTS BRY P AY apgrrbiouslicAHaIPAPRAeY one cat al yst,
or sevepal aﬁcﬂb@dzké%lité dudh agemﬁ@éﬁmzéﬁn@ @é@ﬁl}%ﬁdiﬁﬁrﬁhm@m?t al éSt gengr ally
conprisgs a crackin onen onent and a bi nder.
Such ca gal 9@?@"%?%“"8@%?% REH" Bﬁgaﬂ 7:5’844 2@3@3 e . The cracking
conFonemt gmeral(veihwl@ aﬂmm‘rﬁrml‘@dﬁage?éﬂoﬁabmbmnénnﬁllllhbasﬁrouﬁwﬁndIhor a - y
zeol i teg USY .zeo Vi n i gh 3 cracking
activi ty o#fouﬁﬁlh%f %{ou@ m?@\?rgﬂéeq‘g ﬁg%ﬁqi%?'ggy h@ e?r is 4 generally
silica @r mbmfnmlybiférmnhymgstge.rmbalt)ror nlokqhmnmﬁsu!ﬁdbi; Oih!xKESG‘ oup VI, 5 Goup

U 917 O Rl ol i O IR oRL iR Bp ISR qepifi o7 201y one or

6rmre of no ni ¢ | fides or
oxi des & tmekee‘affrorm abqut E%danbout 40%dyceeight pihe cathlyste Aﬂtymawat i on

COMPONGH! SRR bl imo Bl BgBcY I AN ol FAGYE pABIHOY el gt of e

cat al yst . A ternative num group E ECi a y platinum

and/ or"%alqsdb‘f—' byqrogea?ﬁqyecompemtedhqrmlq@ qurrecqnsmaﬂg@wa fhgrbagenponent , ei t her

al one of ifetaHyal éﬁdt@ﬂcﬂﬁnﬁ&heﬁ@?né?fb%@nmﬂ%r@ié‘:‘ cdb4ill G9fRaL ion conponent s
nol ybdenum t””g,%qm cobal t, ni ckel 12 present, the platinum group
au

net al s1éni |Regpeh Ww@mﬂws@élma&e%ﬁ@n abgutfhtfato 29 by wei ght of

the cajal Ya‘bbutz%by&éigﬁwmétdawst ng catalyst, if used, will typically be a
conposjte of ra Goup VI 16 netal or conpound ther eof and a G oup VIII

metal Y conpound t her eof
15 Hydrotreating catalyst, if used, will typically he a composite of a Group V!

16  metal or compound thereof, and a Group Vil metal or compound thereof
17 supported on a porous refractory base such as afumina. Exampies of

18  hydrotreating catalysts are alumina supported cobait-molybdenum, nickel
19 sulfide, nickel-tungsten, cobalt-tungsten and nickel-molybdenum. Typically,
20  such hydrotreating catalysts are presulfided. -
21

12




17 supported on a porous refractory base such as al um na. Eé?{ I§®6of 18
hydrotreating catal ysts are al um na supported cobalt-nolyb gﬁ? I'ckel 19

sul fide, nickel-tungsten, cobalt-tungsten and nickel -nnol ybdenum Typically,

20 such hydrotreating catal ysts are presuffided. 21 12 13 June 2006

| Exanpl e 2 3 POST- HYDROTREATI NG OF M LD HYDROCRACKER 4Dl STI LLATES FOR

CETANE QP%&%B M1 d HydrocrackedM | d Hydrocracked Distillate from

VacuunDi st from FeedGas G |/ Coker Gas G| M ddl e Eastern Bl endvVacuum

Gas O |12M | d Hydrocracki ng30 Liquid Vol ume ?% %81 Liquid Vol ure %

Conver sgon<680F<7 I | al yst Nobl e netal / Zeol i t eBase ‘

met al / Al uni na wd?@?ﬁ%‘ﬁ@%@&% %&'L%H&QBQ%CW 594 720 Tenperature,

OF 1.5 %.0 LHSV, 1/ hr BRIMEONESEGR OHTAREURGRASING H2 Partial Pressure,
The Tabl e above

ceal—3Jd7 to 15l2 ta 7 6 -

psi a | 800f T900 CetameUptt+Ht—(typi-ecab) :
il lustratps the effectivengssMifl Hydgsoaradked t hempd Hydpstra@legt he 7 first
stage reagtor, which has bedlistildtallrontVabuaer ack distillie fdhi | Ugnt is
Gas Oil/Coker Gas Qi Middle Eastern
Blend Vacuum Gas Oil
| Miid Hyd-rocracking 30 Liquid Volume % 31 Ligquid Volume %
Conversion | <680°F ' <700°F
Hydrotreating Catalyst Noble metaliZeolite Base metal/Alumina
Hydrofreating
Conditions:
Catalyst Bed 594
Temperature, °F 29
LHSV, 1/hr 1.5 2.0
Gas/Oil Ratio, SCF/B 3000 5000
Hz Partial Pressure, psia 800 1900
Cetane Uplift {typical) 7015 2{07

The Table above illustrates the effectiveness of upgrading the effluent of the
first stage reactor, which has been mildly hydrocracked. The effluent is
hydrotreated in the middle distilate upgrader. Cetane uplift (improvement) is
greater, and at less severe conditions, using a catalyst having a noble metal
10 hydrogenation component with a zeolite cracking component than when using
11 a Qatalyst having base mgta! hydroegenation components on alumina, an

.1 2 amorphous support. Cetane uplift can be higher if external diesel range feeds
13 (7) are added upstream of Hot High Pressure Separator 44. |

© ™~ ® ¢
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8 hydrotreated in the mddle distillate upgrader. Cetane u%ift
(improvenent) is 9 greater, and at | ess severe conditions, tﬁ‘é‘?er?é)oé

catal yst having a noble netal 10 hydrogenati on conponent with a zeolite

cracki ng conmponent than when using 11 a catal yst having base netal

hydr ogenati on conponents on alum na, an 12 anor phous support Cetane uplift

can be higher if external diesel range feeds 13 (7) are added upstream of

Hot Hi gh“Prg‘é*&"tTr'écéé\Béﬁ%{%r 44. 13 13 June 2006 1 WHAT IS CLAIMED IS: 2 3

1. A nethod for hydroprocessing a hydrocarbon feedstock, said nethod 4
action loop, 5

enpl oyin I tipl e hydr ocessi.n ones W thin single re

egf:) h élong Eg\/i r‘@"‘%ﬂ%&%‘; t?%qpéo@ﬁ?'%??éf Rcagon f‘??gﬁtﬁaf's“ﬁﬂg"eﬁﬁ’é' following 6
ﬁt Sps: 74 8 (apmplsiag nyltplertyd ropmeéwigaﬁmxﬁtgfrgﬁdﬁg!@@qcﬁ@ ifsvopl;,1 i Ei st o
ydr opr ogessin . n n [ [ eds.containin ydr opr ocessi ng
10 cat al 5st, t%%dﬁ’fﬁfggg‘P éé'{ses‘?rﬁ‘g°’e§Sa?%%'y%g?ﬂe?g%ﬂﬂ"ggﬁ%*&“%'g%1

hydr opr deessi ngtepgindi ti ons, wherein the feedstock is contacted 12 with

catal ystzand hydrogen; 13 14 (b) passing the effluent of step (a) directly
to a hot_high %r)essur_e 15 separator, wherein the effluent is contacted with
a hot, Hdrogef Pas¥nchhgiesagnageoysiseddogitod fitst hydroptpeassiag r eam conpri si ng
hydrogers 17 hydrze8s% HHRYA ofHBa0 BoHSniRe hd t enper at ure bel ow

t he 181 oi ling rahgg agﬁ@thpg hi}/dropagbonargjg%ﬁ@r?}gg%ts@gk, hydr ogen 19

sul fi de'ind ammon®3@Hgthg hyFrgpiogessing gans keinggnainiaingd 2b hydr ocar bonaceous
conmpountds boi | i ng hpdigyiroedseinl ebaditions, WhereiniRg foed2bciok coitagleddy dr ocar bonaceous

f eedst ;22 23 assi he vapor stream of step (b) after cooling
and partial 24 cowg@%"gglﬁﬁ@ﬁ?%‘ﬁfo%e%ot hydr ogen stripper containing at |east
one 25 %8ed of hydrotreating catalyst, where it is contacted

count erqgur r ent - Wit n ile . th j.quid streamof step (b) is
_passed 1,?0 27 f¢%c?i%§'rﬁ‘mﬂ|;eo%'ﬁl¥e% 8&%;1 (a)\'\clﬁrectﬁ( to a?not htgh’-pressure
5 separator, wherein the effluent is contacted with a hot, hydrogen-

16 rich stripping gas to produce a vapor sfream comprising hydrogen,
17 hydrocarbonaceous compounds boiling at a temperature below the
.18 boiling raﬁge of the hydrocarbonaceous feedstock, hydrogen

19 sulfide and ammonia ard a liquid stream comprising

20 hydrocarbonaceous compounds boiling approximately in the range
21 of said hydrocarbonaceous feedstock;

22 ,

23 (c) passing the vapor stream of step (b) after cooling and partial

24 condensation, to a hot hydrogen stripper containing at least one

25 bed of hydrotreating catalyst, where it is contacted countercurrently
26 ~ with hydrogen, while the liquid stream of step (b) is passed fo

27 fractionation; s |

28

29 {(d) passing the overhead vapor stream from the hot hydrogen

30 stripper/reactor of step (c), after cooling and contact with water, the
31 overhead vapor stream comprising hydrogen, ammonia, and

32 hydrogen sulfide, along with light gases and naphtha to a cold high
33 | -pressure separator, where hydrogen, hydrogen sulfide, and light

14




28 29 (d) passing the overhead vapor stream fromthe hot h%(grjg\%e@ro%o
strippertreactor of step (c), after cooling and contact w , the 31
over head vapor stream conprising hydrogen, amoni a, and 32 hydrogen
sulfide, along with |ight gases and naphtha to a cold high 33 pressure
separator, where hydrogen, hydrogen sulfide, and [ight 14 13 June 2006 |
hydr ocarfponaceous r%%grbgﬁgcegenoved over head, ammonia is 2 renoved from
PoV2558 2B RERYEHTVedesisUPMPRiRiS n t he sour water

the col d high pressure separa
stripper? and napHemavesfiormihgaill highdiradsutd sipagitaiae aRRsHRRL t O fracti onation;
stripper/reactor of

5 6 (e) passing thgddqds r from the hot .hydroge
7 step () to a se(_:(;_in lrﬁHy ?%%)Lr'r%gag%ssﬁrﬁﬁe%i‘ﬂ%?a g@gﬁiﬂ@es hydr opr ocessi ng
zone corft ai ni ng atdistiaies arepesseddo Géctiondtiony opr ocessi ng catal yst suitable for
aromati & saturation and ring 10 opening, wherein the liquid is contacted
under h droproqcesassi ng 11 conditions with the hydroprocessing catalyst, in
the preSence oft) P3SFRAIPS fiquid stieam fiom the)hophdsogen stippetieattoestd from the col d
hi gh pré@&ssure sepakpi®io 8kedond B , Where hydrogen
sul fidegis rermveggggf ore . 16 ﬁ?drg'(gg%sssr@%ﬂ%pqﬁégés%g&and recycled to
hydr opr Gcessi ng vesEHrecesshg gpnagoptainieg atdenst ommbedlofs 19 (g) passing the
ef fluen® of step hwlrogrecessifg ehigsttgdbidior . .20 of step (d).
21 2244. The progcess of cF%i m_q?_v;hereionétt% Sﬁﬁéﬁpﬁgﬁgﬁeds’é ng conditions of
23 st e%l 1(a) conpt eI wherein thejiquidds petanted wndst hydroproa8sing950F 24
(204C-$10C), a r ecantitions witethe Hy®opriedsifg caRRet i d 5000 psig 25

\/ in theyra}?]ge frgm Ogﬁt'to %En@%gnée?o\;/ v), and 26

(3.5-3b 5 WPa), HSV
4{}8#109%' the range from500 to 2500 scf.per barrel of 27

hydr ogen consunpt
| i qui d'®hydrocarbon feed (89.1-445 nB H2f nBf eed) .

14 {(f) passing the overhead from the cold high pressure separator of
15 step (d) to an absorber, where hydrogen sulfide is removed before
16 hydrogen is compressed and recycled to hydroprocessing vessels
17 within the loop; and
18
19 {(9) passing the effluent of step (e) to the cold high pressure separator
20 of step (d).
21
22 2. The process of claim 1, wherein the hydroprocessing conditions of
23 step 1(a) comprise a reaction temperature of from 400°F-950°F
24 {204°C-510°C), a reaction pressure in the range from 500 to 5000 psig
25 (3.5-34.5 MPa), an LHSV in the range from 0.1 to 15 hr" (viv), and
26 hydfogen consumption in the range from 500 to 2500 scfper barrel of
27 liquid hydrocarbon feed (89.1-445 m® Hay/m® feed).
28
29 3. The process of claim 2, wherein the hydropracessing conditions of
30 step 1(a) p!-'eferably comprise a témperature in the ‘rénge from
31 B50°F-850°F (343°C-454°C), reaction pressure in the range from
32 1500-3500 psig (10.4-24.2 MPa), LHSV in the range from 0.25 to

15




28 29 3. The process of claim2, wherein the hydroprocessi?? %%@itions of
30 step 1(a) preferably conprise a tenperature in the rangé ¥ %
650F- 850F (343C-454C), reaction pressure in the range from 32 1500-3500
psig (10.4-24.2 MPa), LHSV in the range fromO0.25 to 15 13 June 2006 1 2.5
hr', and hydrogen consunption in the range from 500 to 2500 scf 2 per
barrel of liquid hydrocar bon feed (89.1-445 nB H2/nB feed). 3 4 4. The
process bf cI aiti T, apgh bydsegentcnsumyptioo i the sange frgm&OAth 2509esf of 5 step 1(e)
conpriseya rea t 04C—51OC), a reaction
pressurg2 in thgéﬂr%ﬂgleﬁﬁ?mﬁxg%cg{bghé %08%4_%&"‘?@?@ geegzl 5 MPa), an LHSV in

t he rané@ from0.1 to 15 hr' (v/v), and 8 hydrogen consunption in the range

from 50O1t0¢25®ﬁ>e§rﬁées@6fctahﬁr1r %en@fnt?@h*dré&b&sﬁ WelEQeioheps f eed (89.1-445 nB

H2 J nBf e?ﬁ] 11 5. The process aim4 erein the hydroprocessing
condi ti hs of S?‘? ‘é‘ﬁ“pl’é%?f?ﬁcg?'éﬁeﬁlﬂegﬁ‘“%ﬁﬁfqr%@%théﬂferature in the range
from 13 g550F- 85@ke *étietion ﬁr@@&ﬁéﬁﬁh@kﬁ&éfﬁrﬁsb?‘t&mwpégge from 14

1500- 35Q0 p3|g(104 2 MPa HSV ran romo toi5 2.5 hr',

and hydrogen cEsdhdMPalnan RHEWdn thasengerfionrl. bbota s te00artf 16 per barrel

of liquigd hydrmafgeﬁaorfsamsndrﬁﬁﬂ(b A@M%@sﬁ@mmg&msﬁ 6. The process
of cl ai @ 1, wherein the feed 4&0 orrprl ses 19 hydrocarbons
boiling~in the"qt"gﬁﬁ‘ém?mfg%(sgﬂﬁ Oﬂilmzfﬁed 21 8. The process of claim1,

wherei ndthe feed is sel ected fron1the group 22 consisting of vacuum gas
s oil, visbreaker gas

oi |, hegvy pat spherlc del a coker
oi l, Fgg I ?ghmcfé?cgsso?f%%"ﬁ% ﬂF%th&?W?smgﬁ“gégnvf The process of
cl ai m #2 wher eitep t(hkprefa’ahiyleomw‘idwtemmpl‘amtenﬁhéranQ@frﬁmcur ring in step 1(e)

ranges ,from 2 Q. The process of claiml, wherein the
hydroprécesm né&ﬂf?sé)l @3%‘%&%@%“" N pressure in the range froi

14 1500-3500 psig (10.4-24.2 MPa), LHSV in the range from 0.25 to
15 2.5 hr, and hydrogen consumption in the range from 500 to 2500 scf
16 per barrel of liquid hydrocarbon feed (89.1-445 m® Hy/m® feed).
17 | |
18 6. The process of claim 1, wherein the feed to step 1(a) comprises
19 hydrocarbons boifing in the range from 500°F to 1500°F.
20
21 8. The process of claim 1, wherein the feed is selected from the group
22 consisting of vacuum gas oil, heavy atmospheric gas oil, delayed coker
23 gas oil, visbreaker gas ofi, FCC light cycle oil, and deasphalted oil.
24 ‘
25 9. TThe process of claim 1, wherein the cetane number improvement
26 occurring in step 1(e) ranges from 2 to 15.
27
28 10. The process of claim 1, wherein the hydroprocessing catalyst comprises
29 both a cracking component and a hydrogenation component.

30 11. The process of claim 10, wherein the hydrogenation component is
31 selected from the group consisting of Ni, Mo, W, Pt and Pd or
32 combinations thereof.

16




29 both a cracki ng conponent and a hydrogenati on conponent . ?0 lgi) The
process of claim 10, wherein the hydrogenati on conponent j 43 Jupe 20066t ed
fromthe group consisting of NN, Mo, W Pt and Pd or 32 conbi nations
thereof. 16 13 June 2006 1 12. The process of claim 10, wherein the

cracki ng conmponent maybe 2 anorphous or zeolitic. 3 13. The process of
claim 12, wherein the zeolitic conponent is selected from 4 the group
consi sting ofl2y, Thgprocaseaf clajmd Opphyersip dhg grackingsromponent mpydepr ocess of cl ai m
1, wherei the safgproddyrai®cessi ng zone of 7 step 1(e) is maintained at
the sane pressure as the first 8 hydroprocessing zone of step 1(a). 17 1
ABSTRACT OF THE DI SCLOSURE 2 3 In the refining of crude oil, vacuum gas

oi | hydr offr edBer Bheaniacasy gt daimdekweharein sheszeolitienothproent ismslestedfisoy i t i es such
as sul fur 4 nitrogegs f e w2 | . Typically, the
middle ditillats pes Fﬂ'&;ﬁng eﬁ’é{s‘(ﬁﬁt{ ?'ngRiEﬁEt % ange’ 6 from 250F- 735F)
from VGO Rydrotreating or noderate severity 7 hydrocrackers does not neet

t he snokespoiat , THelRodked aftdaid Y REEreithe S2onBhyir@preddsSing B®idgri cation. I n
nost casez, this_ mgddl.e dig.i Idlaz e is se arateltﬁ? 9 upgraded by a mddle
distillaté hydrtFelbdr mpintaingd, Wéﬁfgﬁs“% W8t e 10 distiilate is

bl ended i &t o t hehyepreadsidgwehe of dteppt{@). or used as hone heating oil. 11
Wth this invention, the nmiddle distillate is hydrotreated in the same high
12 pressure | oop as the vacuumgas oil hydrotreating reactor or the
noderate 13 severity hydrocracking reactor. The investnent cost saving
and/or utilities 14 saving are significant since a separate m ddle
distillate hydrotreater is not 15 required. A major benefit of this
invention is the potential for simultaneously 16 upgrading difflcult
cracked stocks such as Light Cycle G1l, Light Coker Gas G| 17 and

Vi sbroken.Gas Q| or Straight-Run Atnospheric Gas Qls utilizing the 18

hi gh- pressure environnment required for mld hydrocracking. 18
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