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 ¥aguuoOEAs Qiidwydrotreaterseamathydroz aekers
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,




1 13 June 2006 1 one on top of the other, in a single reactlin Ioog In the
preferred 2 enbodinent, a hydrocarbon feed is passed to a deme300 i cation
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

Pt onod SoREG Tpbrdicdhaioa dhooRblalall SRuRl Ayt o that

97/ 38066. A hot strip IS positi _
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

urization zone in order to

d tream he denitrification/desu
atur g F%qj{%ﬂ &ngéﬁ%%ﬁ%‘atW@mﬁaﬁheW'd progod issthan gassefoses a simil ar

sat ur at

conf i gusat ioahe uppdri2ahe, wikreHydkcrackiR ébrh tre2tifPRhay éSour PBEert hout  t he
and the post-treat reaction zone.

hydrotreater foll qQw the str r
1% 17%!\/‘%&@? ?Pﬁg @\ﬁ"z‘l@ 20 21 22 23 - 24 25 26 27 28

29 30731 32
' 8 U.S. Pat. No. 5,980,729 discloses a configuration similar 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:




33 In one enbodinment, the mddle distillate is hydrotreategi|1%#b sane
hi gh pressure | oop a the vacuumgas oil hydrotreating rea 3 dyn he
noderate severity hydrocracking reactor, but the reverse staging
configuration 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. Ot her advantages include optimal hydrogen
pressures for EicPasign hlsosathdnaesous faedstael to fickt bydsoprocassiogpt i on and usage

for each product. zEEh@ﬁaﬁfi'%né'o?ﬁaormés%%aﬁns'hgdreémb&%gded product, w thout
IS

the use of recycle i nventi on unmar 1 zed bel ow. The present

i quid. The
i nvention provi de?JQIY%EWﬁwd@BWW@F%E@%WﬁBWedIﬁ‘ydrocar bon feedstock,
sai d method enpl oyiydrgprotdsiing lcndiions, MHersie s fddistosPR@onteEd:AI N a single
reaction | oop, eayﬂ?z%e having one or nore catalyst beds, conprising the
foll ow ng steps: 33 (%)a"%g)' B¥dsi ng a hydrocarbonaceous feedstock to a
first hydroprocessing zone having one or nore beds containing

hyd i L, yist d X [ bei i ntai ned at

v opr ocessi g cEASEHE emdatEof Mon BRHEERAB Al BRR Pestiit act ed with

ﬁat ﬁl yst and hydrmmﬁorpmein@qmeaﬁslcumm?maam magrogﬁmrecjtm tohat hot
i ressure SeRay : . Wi a hot,
gh p AN S ing GHORS Fbluda Bl SR colrBriR RN

hydrogen- rich stripping gas to ~a vapor ti sing hydrogen,
hydr ocar bonaceousT¥ERFpHanEsosseampeynds balling e tempemteelbelowsthe he  boi | i ng

range of the hydrinming ReReerMEhylResBiRekousRISRIEN aiden de and amonia and
a liquid stream CO@H sin h%droca_r bonaceous corr'pgun s boiling
© pig gBmog

approxi mately in and adavig girereaeqseniisi@ous f eedst ock; passi ng
the vapor st reamtyérosarbpndcbpusbonflousdolifig agitekiRatelyifthe GaRdensat ion, to a

hot hydrogen st igpagh niblabdithulted:SaS, O

(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




bed of hydrotreating catal yst, where it is contacted count «?Efcrurrerbtly W th
hydrogen, white the liquid streamof step (b) is passed to* f¥ Y08nat i on;
(d) passing the overhead vapor stream fromthe hot hydrogen
stripper/reactor of step (c), after cooling and contact with water, the
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 |light hydrocarbonaceous gases are
renmoved overhead, amonia 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

| 'i qui d stream{gy opasking thediquidystreandrnsthe ihppigdfageastripperdkactstap (c) to-a
second hydroprocessi zone e.second. hydrapro i ng zone contai ni ng at
| east one bed of a%&@?t?pﬁ"%egggéF%%S@%Sgwgfgg%ﬁfeaﬁﬁ%gﬁior aromatic saturation
and ring openi nghydwipercessing ramel coglaining &t leastdredtedabf under hydr opr ocessi ng
conditions with t QE%{ i,ng: ] e of hydrogen;
(f) passing the o%?oﬂgoa rgg%%iﬁ%etgg'o@?@%%’ﬁ&g?ée%g%rrggmgéeﬁﬁor of step (d)
to an absorber, wipeniagwidreiythe liguidfis dentadied undevindirdprbeaseinghydr ogen i s
conpressed and r T Ta g [ S| Liddi & the loop; and
(g) passing the g%%@ﬁ(gﬁt&'@ftn%ﬁ%&s%’?&?@bFﬁgwgis)?gh%‘)g\ﬁbpressure separ at or

of step (d). Therlgdegenial so be provided a nethod for hydroprocessing a

hydr ocarbon feedstock, said nethod enploying at |east two reaction zones
“within a single reaction |oop, conprising the follow ng steps: 2b 13 June
2006 | (a) pd iﬁQS%ﬁDﬁPEﬂi’WWMBM@@&EﬁW§QPaf§atP_Wfst hydr opr ocessi ng
zone 2 having oe@p%gar_aﬁ%b&ﬁgér GREEHyBloBéh SR FRRRRAIbRGrEat al yst, the 3

hydr opr ocessi ng zone bei ng mai nt ai ned at _hydroprocessi ng conditions,
hydrogen is compressed and recycled to hydroprocessing vessels

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




4 wherein the feedstock is contacted with catal yst and hydrggen; 3 6 (b)
passing the effluent of step (a) directly to a hot high pré e éparator,
7 wherein the effluent is contacted with a hot, hydrogen-rich stripping gas
8 to produce a vapor stream conprising hydrogen, hydrocarbonaceous 9
conpounds boiling at a tenperature below the boiling range of the 10

hydr ocar Ronggeushg adlRedmoRiidsetustitihd darR AL GBRALAG 2 @ 11 11 qui d
stream cqnpri sing. hydr ocar bonaceous conpounds boiT1'ng %pprom mately. in

t he rangé of sa'?ag'"ﬁf&%’éW%‘Pﬁé’é@@ﬂé'"ﬂﬁé‘d@'@@@@ss{m&a@s@él)e passi ng the vapor
stream o8 step Jopratbisiig £0RlHeing nitidai | %Glﬁéb% 4an, to a hot
hydrogen4stri pp;gfrb Qc?og:t gi ng ng, at ﬁeas't Igﬁ({aéﬂb%gr 01&&16 ydrairg!t)%ati ng

catal yst . wher 190 fedgersiack iypoplasted avith satabist aRd RWdragedy hydr ogen, whil e
the liqubd streamof step (b) is passed to fractionation; 18 19 (d)

passi ng thesoverhead vappor streamfromthe hot hydrogen stripper of 20
step (c);é a?b? eﬁ’ag%gﬁhﬁf%@ﬁﬂts‘gﬁﬁ??@t‘%rﬁ wiP ahohliol presgyie serasatRead vapor 21
st ream conpri siwkgrdiry the@ffizent is oomtel withal hty Bydeggon-riet sfripgg gad ong wi th ~ 22

i ght gages an ha to a cold high pressur epajator, where 23
hydrogeﬁf‘T hydrg% %Bgétﬁeﬁ’@é’rgtﬁ?frqWW?E‘V@P&?%E‘H%& QaFeRss are 24
removed Hver hegompeunds hiting at a temperatin below tieballing dakjeddt iy essure 25

separatqy as apyRHLHHeR fl i our ter stri.ppe and naphtha 26
and nidil e dist {1 at esﬁﬁ%”SJ%%?%&Qt“&Q@%%ﬁﬁ%q armmot B o' 00Si gt he
li qui d Bt r eam fiquishstraam ¢nmaprising hdrecarsandcemerconfpostdybafiny to a 29 second

hydr oprgcessin ) I | ng zone 30 containing at
| east - one bed g?ﬁﬁ{/ﬁg?% r@@%ﬁ%@é@&?@@?g rgg'%cggﬁ'se%?(gﬁm&m aromatic
sat urat®®on and ri ng opening, wherein the liquid is contacted 32 under

hydr opryaceggi nﬁhﬁﬂﬂﬁé%@?gstgé;ﬁ]@f%%g ég*/g?%%gg@%sa%hrb%ﬂ%f\t alyst, in 33 the

pr esenc% of hydr ogen .
1 condensation, to 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;




34 5 6 7 8 9 1011 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 fréa%r?weze@é! d high
pressure separator of step (d) to an absorber, where hydrogen sulfide is

renoved before hydrogen is conpressed and recycled to hydroprocessing
vessels within the | oop;

1 () passing the overhead from the cold high pressure separator of step (d)
to an absorber, where hydrogen sulfide is removed before hydrogen is

-2

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
20

- 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.




and passi-ng the effluent of step (e) to the cold high presigre siﬁarator-of
- step (d). BRIEF DESCRI PTION OF THE DRAWNGS Figure 1 ill g €004

hydr opr ocessing |l oop in which the post treatnent reactor is a mddle
distillate upgrader which operates at approxinmately the sane pressure as

the first stage reactor. Figure 2 illustrates a hydroprocessing loop in
at of Fiqure 1, but

which thg p = t t actor is.,the sane as t
oper at esqat qﬁ%ﬁg{ug'gtrﬁgﬁr@i%ﬁ reglore; Y’SFﬁ ﬁ@? bepe '?Yg%‘{eé?e.d aﬂgnobl e met al
cat al yst 2i s pasielty iydracteekeh) sbntaing hydrogen sufide] anmimokis, ighldedeESCRI PTI ON OF THE

| NVENTI | DL A he Preferr Enbodi nment. SC tion of Figure 1
Feed i noglt nggtﬁ&?ﬁs'&)% @étglta% %"H *‘P’%%’Ef‘é?etgd H%‘#‘Bb%aﬁ %n?ﬁﬁ&&@g?fp hydr ogen in
stream 44. ®nlersitae Hotthigh fressureprephmitredflash zenp Bat Reswyltilaéacetchanger train;

as are the g ] e now, i.n. .stream 34, is
furt her heatg e’ﬁtglﬁng Eeé@ Q%’)@Cha?\g{grds'é){?éérgcﬁ%o%&?H%?%m&@ma@l"?'éﬁm 34 then
enters tfe fenasatedirem thedmapmieded Oil.x Bk ot bigheeessare paifiter ks ast bed 3 of
reactor 72 gay% tai : erate severity
hydr ocr acker égﬁleﬂh@g%#@yéﬁzﬁtg&ggﬁgggigI&%@org?%ﬁg@g&"%eds 3, with
i nt er st Bfe WisgbistreaA@ans, 4 and 5 delivering hydrogen in between the

beds. 13 June 2006 1 The effluent 6 of the first stage reactor 2, which has

been hy%ot eated and 2 partially hydrocracked, contains hydrogen sulfide,
amoni a'V | i%‘Fﬁa"b%WF‘aglyrﬁuﬁfﬁtfﬁﬁi?d Iges il doiling at tempacatimngsir ot r eat ed vacuum
gas 0i |11 Thie&bf thateTdoor 4 TREL. / ' rator or flash
zone 8 at gavy oi | reactor %ﬁﬁ'ﬁﬁﬂ%%@h%ﬁ%ﬁ%ﬁ%@%ﬁq of the diesel
and nosté ofthe Heconyeyted oil isgentioithe fractiondionespcticatiediréarotit he unconverted oil .
The hotqghi gh pressure separator has a 7 set of trays 44 with hydrogen rich

'gas I ntrodyced at the bottomfor stripping 8 through stream46. 9 10
St reamd | StigaMALgontaing i everhegd &omiba bt iglspressure bepdratog at  t enper at ur es

él gr easer suam 2409olc 1R o¥dHakGer D (BPQEEﬁtg[%ﬁe P@r’i offresihgad S reduced
1 or 167 ekhange) baors entering the hot hydrogen sinppetieactor 23. Steam 1 - O

streami®1. g ydrogen strippet/reactor 23. Siream 21

17 flows downwardly through a bed of hydrotreating 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.




13 14 Stream 21 contains the overhead fromthe hot high phs sure
separator. 15 Stream 21 is cooled in exchanger 22 (by stea 3@%%%5pion or
process heat 16 exchange) before entering the hot hydrogen
stripper/reactor 23. Stream 21 17 flows downwardly through a bed of
hydrotreating catal yst 52, while being 18 contacted with countercurrent

hyar ogln, SoebAD MR BRlAR T kroten e 48%. € DYk P RbRBER “Cacoe and

napht a. Jhandisdlitsdntestrearhs 8% and82.n §irpare S8 prsse2 o thethobbydrogem hot hydr ogen
stripper/ n hi or 17 is maintained
& %tﬁ a&@%acégzésﬁré;%%éé ?ige@%ﬁ%gf%a&%ﬁ)ggg%%&nger 27 and j oi ns
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Carmors a SRR oBingldd N RISRe SR RE bikhe S9mBh R 1 e wni ch 1
conver& edwithooitfeedistream by wat er injection). The streamis then 28 air

cool ed by cooler 45. The stream 16 enters the cold high pressure 29
separator 17. Hydrogen, |ight hydrocarbonaceous gases, and hydrogen 30

sul fi @ ?ﬂ&a—m@d@eoﬁaﬁémbmmm@d@htbdﬁrsépar&tﬁdo@em.sulfide is 31 }
| : : e i
55 by & oQIBRReAIBr REEEPAld el W fRA A 1 (WG SRCER 0. CTTOR L A

32 hydrogen su are renoved W 0
33 t H® cdhelhofihigh pessusa sepastoah thraughkitears 4630 hekotga@@gear eam 40, which

ctreats YHRRAREBOF ol Bearh 51 SRRLHES FRAIFARARIRRE 30r foper reactor

23. 3@r edstrezin 89 tulbmgbineewitﬁ renfycletdiste?mﬂ@rdsene %rtst? basiseder st ﬁ?gi ﬂiUﬁnch.

S .

h;:jfggsénﬁ“?'g%@g#g%‘ﬁ%dIsﬁg%ﬁ%ﬁyﬁé'gg?é‘n gs'ﬁ@%‘%]hﬁmﬁ?l&caﬁ@sg% t&;ﬁ I ni ng \?\II th oil

}‘ eed 1§t r énakedup hydiogem porhyrassy . Fgom streamp psticitexits dosprassoo  f ?UE t ﬁepar ﬁt e
rou

st o 43y coltBmiraRRsskF B bert shPaRE s a8 bt AFEHSH ot eam 46, to the

hot M§drogen stripper/reactor through stream51, and to the niddle

di st i o AR ARftat HhSERP13 Rbndilhs 6PBR] d5ndte bl Bglseifliesel or ker osene

or to be
18  hydrotreating/hydrocracking catalyst (such as Ni-Mo, Ni-W and/or noble

19  metal) for aromatic saturation and ring opening to improve diese! 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.

20 . | |

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




I nt erstage quench. Stream 38, containing nmake-up hydrogen, gisses to the
make- up hydrogen conpressor 37. From stream 41, which exit 4 Wﬁﬁ%@ésor 37
cont ai ni ng conpressed hydrogen, streans 35,42 and 46 are diverted. The

m ddl e distillate upgrader 12 consists of one or nore nultiple beds 13 of

hydr ot reati ng/ hydrocracki ng catal yst (such as N -M, N -Wand/or noble
and_ring opening to inprove diesel product

nmetal) for .aromgtic. saturatio -
qualitie s’ﬂ'@ﬁtgg?t%m?ﬂﬁ? ip&plqgec;}étpe effieent & serlertp arevent the dapesiiolhodi nent  of
Figure 13 tdfeaks iddheeaitiabler kibas eintRgEAdIRGh pRes8ilesapRetoat7,appr oxi matel y the
same pres fir stage reactor 2. nch gas, (stream 47) may be
i nt roducﬁdﬁwg%grgg‘ehwﬁge%gﬂﬁeo@% Nuois ‘te?%enéfﬂ”% ?’lee"."e%ieﬁ'@%ﬁ?% may be
conbi nedt wi hwhiteonaphthadind séddi@distillates seih thrgugihrstream 48 o fracighatla f ract i onat or
when no gt Bg&ea%%@f nal feeds (stream7) are to be processed and cooled in
exchanger-25. ogen fromstream 35 is conbined with stream 24 prior to
enterind the middle distillate upgrader 12. Stream 24 enters the reactor at
rgdly through the catalyst beds 13. Stream 14,

the tom anshskhi Smg ! e !
which is the effluent fromthe mddle distillate upgrader 12, is used to
heat th& other process streans in the unit (see exchanger 15) and then

j oi ns wgt h AsldeS@ibed & i F 400e$ fl iy i . effluent air
cool er __and t hen toﬁ}ﬂ%‘%glfgbﬁkgﬁgp@gure g@tgarégté%p{yfifge{‘/\gﬁ%r i's

cont i nd8us Mpke4P fydregervio straam f2-c Thefeed havbednprehdatad inaprongsef t he ef f | uent
ai 1 coaer hedt cRetNge trai a8 afARO Shd sththms? 1hE niRllebridbaldig o’ coOler tubes.
y 0

In the,gold hj ressure separator 1/, 3 rogen, h den sul fide and
amoni é§| eQYL! QSE"FSW’ FM&?E‘P%@P‘@W@&%CMNQ%4MM masgilha and ni ddl e

di sti | i3t eStreah 84 tHeh@vghs Hib HRANISdShbIRLA BERLLO0: 2.5T|$éfir§feam 39). 6 7
F 1, feed 1n stream1l is

Descri pf i lgyre 2 8 9 As described in Figure
m xed \‘xnl"t ﬁg?cg%ﬁ?%&?fﬁfp%@? YGOhydraineater patalystios g eipderatet r eam 42. The feed
has be&h psevbitghediotracier patagas Therkmdya a Suehaiiforikéd FeS, are the gas

ot 2T i el REacY E pohrufions soaminiess |hen onter s
~the fitht bBadage downfl ow fi xed bed reactor 2. The first 14 bed 3 of
reactofg 2 may contain VGO hydrotreater catalyst or a noderate
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 .




15 severity hydrocracker catalyst. There nmay be a successiﬂ ofeg%(ig&ed beds
3, 16 with interstage quench streans, 4 and 5 delivering 3(] I n
between the 17 beds. 18 19 The effluent 6 of the first stage. reactor,
whi ch has been hydrotreated and 20 partially hydrocracked, contains
hydrogen sul fide, ammonia, |ight gases, 21 naphtha, mddle distillate and

hydrotre_‘at S ﬁacuum s oil. The effluent 22 enters the hot high pressure
separat or dPY Flea@gengiationpr procgsshisat sxghapge) before enseyingdins bnt condi ti ons

}Nhere Eat mﬁrdgbasﬁppméacwﬂds ﬁSﬁéarﬁfZ‘l Hbﬁsﬂ(deﬁd{ytﬁ&h@ﬁlaQJedlr?‘F 24 Zepar at e]gi
rom-t t. ure se tor. has a 25 set o
trays 4 Wr}ﬁfﬁﬁﬁggtﬁnggcg Iy|S %Wg!f%ﬁ ?‘g‘&fg%ﬁ”@tm{iﬂ rcgg?r{ IMPgr stripping 26
t hr ough 4st rhydrogdd fro@ Btre@83Btream 9 is primarily hydrotreated heavy gas oil,
boilinggat tenperatures 29 greater than 700F. The valve 10 indicates that

- pressure is reduced before 30 the unconverted oil is sent to the
fracti offat iThe ovedieadsirdam 26tfroaimt hydrogdn stBfpcBreastonb2 tontaing ai ns t he over head

f the h db t | feed
705t r o SyARG BB 1SRG T e Bfing it BRLOSCR BRECTC T Ch) st omm <
gener at Bon Ngphtha.olt isrsolad inrexcheaniganye ) Weter sriciedied (streary 36hintotibe 2 hydr ogen
stri ppeg/ r%ﬁéé:ﬁ@s?@ren&ég@&‘\ﬁﬁﬂ'ﬁ (enRHGniS QY QW o il BuBorPed Of B

hydrotreatl ng cat aﬂa/ ng con coun ercurrent
f1 owi nd0 4 (@R)meRaand Rydmgea syifidgieact to ormenmmenivry bishlidaiwhich sam 26 fr om hot

hydrogen Sbéﬁ\kﬂ@d{ofs%ﬁﬁ&r% @ﬁeﬁlﬁ@&lﬁinﬁ'sThJstF@é Q%H’air%m@f)zda”d hydr ogen

sulfid al on ht gases and apht 'S COO I n exchanger

)
27. V\aﬁ%r peol ’rﬁ ébéeﬁ'egrttfferaﬁb%@yoqql@r@ntqﬁ%me@o@tmm@grqo renove nost of

t he amnlee;ﬁﬁatmvomydmgah iiiglﬁtfﬂy@l%cérﬁbh'édegﬂsgésgs(ﬁmﬁg doger@nd hydrogen
sul fid i sul 1 Cconverted to solution

react
by wat g‘? q&ﬁqrgfﬁmov?&gvsgtgqaaéwpp@ ?tFF‘é‘T‘&?r Hydgegeagulige is12 cool er 45. The
ef f1 uetd fmmvé@@tﬁamsdpﬁineme%&éﬁh%m%ye%&lEumﬂéé%@:%éw{ﬁ 13 separator 17.

Hydr 095" Am%%la%g rh? rgéel?lqs?lﬁ'ﬁg ?sur%m%aecf with %e somy v?artgr s?rgam
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 thé make-up hydrogen
30 compressor 37. From stream 41, which exits compressor 37 contammg
31 compressed hydrogen, streams 35, 42 and 46 are diverted.
32




14 sul fide are renoved overhead through stream 19. Hydrogen _sulfide is 15
renoved (stream 51) fromthe streamin the hydrogen sul fidd3 dBetdser 20.
16 Ammoni a -and hydrogen sulfide is renoved with the sour water stream 17
(stream 48) fromthe cold high pressure separator 17. Stream 40, which 18
cont ai ns hydrogen, is conpressed in conpressor 30 and splits into streans

19 29 am 3'1”“‘%2’%2‘?;“&‘%@' {hgﬂ&m@&&@%ﬁ,;@(@nqﬁg@ggbﬁépg@&gt as interstage 20

S
quench. Streans are divert 1St Feam 29, containing
21 hydr ofenloWeEPressvR thaw thgifirst siage rengton 2s Liovid fstranp?4) Gromithe boinbi ni ng wi t h
oi | 22 feednysitdgenstibper 23s Rdubdilif pHeasid Wi V8l 38 dnd ICAMMIRSed and sent to
f our se%arat.ﬁbl ol?thlons, %5 upst ream of reactor to conbine with feed
stream 1° (t HiLTE5E-W Dysiogen ftrean55) sferitheseqopd slrghofrompessionépar at or -8
t _h(r]I S:Jgh 5t rthamaké-up hodrbogen dmtprésxsdmg?bcyaa lz(érbﬁédr?bﬁfﬂfers@ﬁ@tﬁéﬁm 23, | ang_ to f he
m e dist upqr r. (stream t.0 onbine wWith recycle diesel or
ker osenfag orédgﬁz)elfgg%’aggh'? &I?l fr??‘ﬁé'@“ﬁ{?éﬁﬁ‘i’fﬁa aPrefisabliin 38, cont ai ni ng
make- up 7hy daxoiignger P dsthe middlé tietilaadaggogpieh Y2 maghns pRferasypaessor 37. From
stream 41, i | 1S, C ressor, 37 .contai ni 1 conpressed hydrogen,
st rearrs%S,%Z‘ﬁ%r?gmf %%%?@i??ggfca@? fg"?ﬁﬁgféﬁﬁ@ﬁ?‘uf’n this enbodi nent,
the m d@ e hyilrogen isaveilablegsagiomd (sioean 67) HEbvarpahabeis fatm@tiplewer pressur e
than t g fivegbpsitats. + ke U] t 4) 1 e hot 3 hydrogen
- stripper 52 i spéeducéﬁ%&gérmeéegakggg%\bﬁgs i\%ﬁf)@g% ge&'ﬁégﬁé‘%onbi ned 4 with
make- ud Thy &retpeaes I6 aad aers &) a adld bightpressarecepatalt 49e of conpression of 5
t he malke- up hydrogen conpressor 37. Recycl e kerosene or diesel (stream 6

50) may,_be added at this point. The m xture is sent after preheat (in 7
exchané@r Swerhegd vapor 33 fiemdhaygold high aressure gepatrtor 4Dis esgentiallyi s pr ef er abl y

| oaded148 nighlpuRty®ySrogePlith Epﬁﬁal Shoebt ‘Wﬁ%m"“%%ﬁ@% g;gés._ Part of the

' make-uq 9 J%é:lro en i s available as quench (stream tween the beds for
mul ti pli® AP 555Nt 10 e iprke-yrdivdiagien epmpiessar 37sCoawrassed is cooled in a

seri es1ef imaaé-uphwreg@metfmrzefﬂés@mbtaenightp%saure%&t&izghxeq{iﬁ%ﬁsme separat or

49. 1217 13 &%Qead \anpr iﬁ ramthe .col'd high pressure separator 49 is

essent i al | §5°3Y° RER5E ﬂﬂflaf' Py WQ%SRWPE?{”%?@&M Bgliiunhistrigam :

hydr oc¥® bot@}dmouthe lcold Ihighghesasre separator 17 is sent to the fractionation ‘
19 section (stream 53) after pressure reduction.

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.




15 The vapor is sent to the make-up hydrogen conpressor 37. Conpressed 16
make- up hydrogen (stream 29) is sent to the high pressure A2&#ed006 the
high 17 pressure separator 8, and hot hydrogen stripper/reactor 23.
Bottonms (stream 18 18) fromthe cold high-pressure separator 17 is sent to
the fractionation 19 section (stream 53) after pressure reduction. 20
Stream 14, which is the effluent fromthe mddle distillate upgrader 12, is
used 211t oF97dha firsteactipm slegp picakteedy Wil hayaguyny gas qiinfqavy k€T exchanger 15)

and passes gatdillo dédiBhaRMGilhighePleBSSHich ab eRAGRIGT didhl, ifheybiequi d ef f 1 uent
of cold ig% @I g(%kessure seggr gtor 49, si_}r eam, 39, l&asses fractionation.
24 25 Febdoh it 5okengay Qkeryispioken, ggsroilicen P intioduredrupstra $e used in the
I nst ant 4 nvumthydrogen stifppéivieaetal 24 eedst ocks i ncl ude any heavy or synthetic
oil fraction or process 29 stream having a boiling point above 300F (150C).

Such feeédstocks include 30 vacuumgas oils, heavy atnospheric gas oil,

del ayed &€olqgmodgds oil, visbreaker 31 gas oil, denmetallized oils, vacuum
resi dua,7 at nospheri c residua, deasphalted 32 oil, Fischer-Tropsch streans,
FCC streans, etc. 9 13 June 2006 1 For the first reaction stage, typical

f eeds will | Higuresatanch? depictdivd difftreatwerstals ef theansiard inviehtionr dickstesiphal t ed oi | .

Li ghter e ' | - 14, light Coker
gas oi | Spr PRl Sl och/infile difedShGiumn ab 4Rl af WirGucdofir L ' %o
hydr ogel® stheppfudrotrealedgpsoB. 5 6 Products 7 8 Figures 1 and 2 depict two
differgnt versions of the instant invention, directed 9 primarily to high
quality mddle distillate production as well as to production of 10 heavy

hydr ot riéat dhe geesess of thig invention iraspesialy sisefubn thepredyctioeatmigdlei s especial |y
usef ul 1 _eIsRE pabichd lSH?ﬁn?fin e 4ld ot dncth Sbo-FLAAG: {123 5pAg) DRI LT ng Tn the
ge of about 250F-700F (121C-371C). A 14 mddle distillate fraction is

def i ned4as middle digtilateiesclionig defined @s heving aboiling RBYF-from about 250°F

15 1o 700°F. Atleast 75 vol%, preferably 85 vol%, of the components of the

16 middle distillate 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




15 to 700F. At least 75 vol% preferably 85 vol% of the c&gﬁoneg s of the
16 mddle distillate have a normal boiling point of greate OF. At

| east 17 about 75 vol % preferably 85 vol % of the conponents of the
mddle distillate 18 have a normal boiling point of |ess than 700F. The
term"mddle distillate” 19 includes the diesel, jet fuel and kerosene

boi |'i ng 4" ag&qdibacti ons. The 20 kerosene or jet fuel boiling point range
refers to the range between 280F and 21 525F (138C-274C). The term "di esel
boi | i ng2range” refers to hydrocarbons 22 boiling in the range from 250F to

700F (121C E&&g ' d di th
pr ocegsgof ‘-?%rl%? qcﬁ\g/%?]g[%g‘ﬁ gh@ggég%lit%gp\g‘r‘%ﬁap tﬁghﬁgl?(??gtpg;obgffs : 2 thg
range b8l ofiPriigation todudpcragkingzy-hydrotreatingi prefegablaiglescrazkingaTheus pr oduct

fracti ops fieEsGs Ricion AW i&@&iﬁﬁéﬂr 1 L&4 5,%5¥Pegi?heY‘%Uquary with such
factors_as, the characterlsglcs of"the crude ol source, Tocal 28 refinery
mar ket s® anBYdsplErftRrtor grmodetate sayerity hydmperagkedi esel , anot her product of this
inventipn, usually boils in the range from 31 550F to 750F. 32 10 13 June
term which

2006 | nﬂ%i on%i 2 3 Hydroprocessing conditions is a general
refers ﬁi PisAting condiiong ingiude A seacligrhtenpersiareeveer#AG FRO0M dr ot r eat i ng,
pref er apl yebyar-gs1-8% Kirdterabiy 860° b gg@, . icted in

( S ' }hg? F?SB&@%:B% rotcp'e"’aﬁggu(r)erﬂgn %@@er ate severity

h eat er

Figures 1 a , .may be ei a V
hydr ocf%c ktgg.gog*?s'g (Fi/‘%}’ﬂ%t’?féa'éﬁ"ﬂ iich gavge) K%ﬁ&iﬁﬂ?ﬁﬂdﬁeﬁem@ﬁiﬂﬁﬂon t enper at ur e

bet weem 4305080psio (20 LABMPALE ol AHRVIBY SHOG AR (hflafy 4940 8

pressu fro%h?lgg 10 to 50,0ﬁ5| géqpounds per sciua_re I'n
MPa) {erf%(ﬁ rpgepconpiimplions§g de G0 gerhape! of lipmid hydrecaeand rat e (LHSV)
of 0. 5tahr 'fedd)(53@-386 rWih¥jeedand 12 overal |l hydrogen consunption 300 to 5000
scf Pef, barrel of liquid hydrocarbon 13 feed (53.4-356 nB/nB 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 hr'l. Hydrogen consumption ranges from $00 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




15 I n the enbodi mrent shown in Figure 1, the first stage reagég}gﬁﬁ)rb% t he
~Pln the

mddle 16 distillate upgrader are operating at the sane pr1
enbodi nent 17 shown in-Figure 2, the mddle distillate upgrader is
operating at a lower 18 pressure than the first stage reactor. 19 20 21

22 23 24 25 26 27 28 29 30 31 32 33 Typical hydrocracking
conditiogns include a reaction tenperature of from 400F-950F (204C-5100),

- pref er abl y 265 6he gaeing compenent mey include 2p Amarphgre Sligyalumipapliase from 500 to
5000 pspg Grkdbrafbolite NRh as BIYalRS sy zebe0 Catan@efhvingibggh( 10. 4- 24. 2 MPa) .

LHSV rapges fromQ.1 to 15 hr (MLV), f er abl .2b-2.5 hr'. Hydrogen
consurrp?i oﬁmfﬂ%%@VIbrWS%OYB%égYéaﬁ U%&eezreo@%‘r'&e ‘F‘?qrfsqui d hydrocar bon
feed (88. lgentrallyBilitd/drdiiniias dihe Hydicgbystion Aomyshicppwillbe asBrogp ¥Yhne nmay contain

The hydrocracki ng

only ong ¢ | yst r sexeral, catalysts.i.n . conpinatign.
cat al ys$ ggh"g'npé’l?'r ?r@rg%ﬁﬁgg la?r 81‘@%{??%%8%%[8? gﬁf’ ,re?%{atﬂ}(]%er ?fgenat I on
conponeft ek of mviyhdemum, Bingbten,aiobhly ot sicksl,@r el dulfidaporoxidest he 11 13 June

2000, 2" g ESBE P BRSO ol S AR By [ oo o U e
havi ng &i girake up from about 5% to about 40% by weight of the catalyst. Alternatively,
9  piatinum group metals, especially platinum and/or palladium, may be present
10  as the hydrogenation component, either alone or in combination with the base
11 metal hydrogenation components molybdenum, tungsten, cobalt, or nickel. If
12 present, the platinum group metals will generally make up from about 0.1% to
- 13 about 2% by weight of the catalyst.
14 |
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




3 cracking activity often enploy REX, REY and USY zeolites.
generally silica or alumna. The hydrogenation conponent wi

5 Goup VI,

A/
pr ef er abl
the sul fi

hydr ogepat

wei ght of

pl ati nué and/ or pal | adium nmay be present

ydr ogenat i PO e TR AERG P M
ydr ogenati on conponents

4 the plati nunDQ}TMTmEQROEﬂqNEmim make up from about 0.1 %

or
y one or
des or oxides 7 th
Fnge

talyst. At

ei t her P@'S‘?']—?Y

Group VIII
6 nore of nol ybdenum tungsten,

met al or

ereof. If present

ernatively,

oxi des or

ion with the base

HYBROGRAGIKER or ni ckel .

sul fides t
cobal t,
in the catal yst,

or

IP'Ehe E(g)%der is 4

G oup
her eof
nickel, or
t hese .

nponents generally 8 make up from about 5% to about 40% by
9 plati num group netal s,
10 as the hydrogenation
11 et al

especially

If 12

present?
to 13 abput 2% by werght—gf—the—catalyst- 15 Hydrotreating catal yst,
if used, Will typically beja Hhid}iﬁrslmtwacﬁeda M rockfcidgt @ or conpound
thereof, and a G&o%g VI 1| riddistiliate froonyemuach | hese llaté?roﬁilpp‘ rted on a
porous refractorJ®*Hase such Gas GiliGukenGaEBAND! eMigdie Elsfaysr Ol r eat i ng
catal ysts] are al umi na suppdrted cdend - rml ybdervaauum ckeby 1P sul fide,
ni ckel -turmﬁt C alt TUNgSTEM and—nicket—pelyrbdenvm-—Typical |y, 20 such
hydr ot r edt gg"ﬂpﬁ ¥s ar¢ p:l"Qals'ﬁlﬂd Velerie %21 [l B1113quidiveiu@@® | Exanpl e 2 3
POST- HYDH PR oF M LD HYDROCFSRORER 4DICTILLAFE$0ﬁ€R CETANE UPGRADI NG
M | d Hydr racked D stittatjefrom-Vacuurbistillate from
FeedGas ﬁ}?@ﬁ‘ H‘égﬁal dﬁ@’ IEmetalienlits ordBase mettiunghd M | d
Hydr ocr a¢ Kidiefiéati Jngqui d VoI Lme 7% 981 T qui dJvor ume—9Conversi on<680F<700F
rotreicb tal yst e netal / ZeoliteBage neta um na rotreating
Hy d At I Nobl | / Zeol i t eB |/ Al um Hy d i
Catalyst Bed 594
Temperature, °F 720
LHSV, 1/hr 1.5 20
Gas/Oil Ratio, SCF/B 3000 5000
Hz Partial Pressure, psia 800 1900
Cetane Uplift (typical) 7to 15 2{07
5
6- The Table above illustrates the effectiveness of upgrading the effluent of the
7 first stage reactor, which has been mildly hydrocracked. The effluent is
8  hydrotreated in the middle distillate upgrader. Cetane uplift (improvement) is
9 greater, and at less severe conditions, using a catalyst having a noble metal
10 hydrogenation component with a zeolite cracking component than wher using
11 acatalyst having base metal hydrogenation components on alumina, an
_12 amorphous support. Cetane uplift can be higher if extemnal diesel range feeds
13 (7) are added upstream of Hot High Pressure Separator 44.

13




Conditions: 5 Catal yst Bed 594 720 Tenperature, OF 1.5 2.0 glﬂ—isv %'/g(r9
30005000 Gas/AQ |1 Ratio, SCF/B H2 Partial Pressure, psia | 866/ Ofet ane
Uplift (typical) J7 to 1512 to 7 6 - The Table above illustrates the
effecti veness of upgrading the effluent of the 7 first stage reactor,

whi ch has been mldly hydrocracked. The effluent is 8 hydrotreated in the
m ddl e distjl]|.at parader. Cetane uplift (inprovenent) is 9 greater, and
at | ess gevwkﬁdgm%ﬁb? using a catal yst having a noble netal 10

hydr ogenati on conponent with a zeolite cracking component than when using
on alum na, an 12

11 a catgl yst havi e, netal hydrogenati gn conpongnt

am)rphoug sﬂppg'f’a%{éﬁ]ivd{ﬁﬂr?@?s'@ﬂﬂﬁgo'ﬁﬁ’gﬂg‘?""dﬁt\oggﬁ?'gr"?@?"ddi esel range

feeds 18 (7) amplogidg ediitipledttydeprocedsingiabndd vathinR ﬁﬁ@@r&cﬁgﬂwmtor 44. 13 13
r.oprocessi ng a

Jone 2098 1 ARl oA S T IR o,

hydr ocar
zones wi®hin as®psigle reaction loop, 5 each zone having one or nore

cat al ystybeds, conprising the followng 6 steps: 7 8 (a) passing a
hydr ocar bonaceous feedstock to a first hydroprocessing 9 zone having one
or nore Heds cbht MRpsingR hytiecasianaeasys fegdsterkdan firsy bydroprbeessigalr opr ocessi ng

zone beigig mai nt aizgeshaingloheldy HoRPELRS BSrtiifiRg ARIMSHbéd28Rg Wherein the

feedsto I's cont acgt%fed . . L
yst, the hydroprocessing zone being maintained at
11 hydroprocessing conditions, wherein the feedstock is contacted
12 with catalyst and hydrogen;
13 ' ,
14 (b} passing the effluent of step (a) directly to a hot high-pressure
15 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




12 with catal yst and hydrogen; 13 14 (b) passing the e”li??t o) O%t ep (a)
directly to a hot high pressure 15 separator, wherein the YRf S
contacted with a hot, hydrogen- 16 rich stripping gas to produce a vapor
stream conpri si ng hydrogen, 17 hydrocarbonaceous conpounds boiling at a
18 boiling range of the hydrocarbonaceous feedstock,

tenperature bel ow t he

hydr ogenq 19 sul fi nia and a |iquid stream conprising 20

hydr ocar bonaceousqslg?rc%gﬁﬁ sceg‘ésf'i’afsﬁﬁa%?d'ﬁi’@%’drﬂleé?efdi‘H“mﬂ'@a!ﬁange 21 of said

hydr ocardonaceous fEmestiopkthe22ld ki frégsufiesphi@ortad @mivai@im St r eam of step

(b) afteg cooling spiqdR | condensat i on, .to hot hydrogen stri pper
' | ﬁ&‘ébgéﬂ%’é{erﬁ?f@%{' pad, pa rigdle " where it is

containing at | east one
cont act éd count er Siptilateg arg passedus frictiopationgen, while the |iquid stream of
step (bl is passed to 27 fractionation; 28 29 (d) passing the overhead
vapor s%reamf{?s)mthe hot hydrogen 30 strippertreactor of step (c), after
cool i ng and coffl a@ssia the ligutidstreantfeom e hot bydregen sidpperireattbeéim conpri si ng
hydr ogeid@, anmoni aste i$8s ' I ( L,h 1ight gases and
napht ha8to a cold hdilaﬁ 33_%22‘2%?@%%2@%8?’,£%%%&hydr ogen, hydrogen
sul fide® and | i ghfYe[2Preeessing soneyetaining atlershommbabafous gases are renoved
overheal, ammoni ahydsoprécesSIP ¥Ry StsQmBLIRr St%ﬁti@éﬁnraﬁér?gﬁyﬁxﬁ separator as
anmoni g 3 bi sul fi de I{}fbet he sour water strlrgj)er, and naphttha and m ddle 4
distillates are pdSQlE: Viereipthe ayidds remactedugter bydrepressssiggt he | i qui d stream
from the hot hydregditiorswithithe hydre6édsing batallsS inftfle pfosehd & Second | east
eas

t he second 8 hydroprocCessi hg zone containi ng at

hydr opjspcessi ng
one be(?of 9 hyd?&%‘?’g%%ssi ng catal yst suitable for aromatic saturation and
ring 1% opening, wherein the liquid is contacted under hydroprocessing

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




11 conditions with the hydroprocessing catalyst, in the pr g?nce g)f 12
hydrogen; 13 14 (f) passing the overhead fromthe cold hig 'ﬂ)‘}ee?so fre
separator of 15 step (d) to an absorber, where hydrogen sulfide is renoved
before 16 hydrogen is conpressed and recycled to hydroprocessi ng vessels
17 within the loop; and 1.8 19 (g) passing the effluent of step (e) to the
cold high pressure, separator 20 of step (d). 21 22 2. The process of

cl ai m'1, 1 wher eR® whant hytiregensonsumnptign indhelfange frem &GP0 t@2500tssh 1(a) conprise a

react | om t empepatiugd Pl RAAREn 120029 ASf Fofipal, 3 reaction pressure
I n the range f?om 500 tho 5@@() psioa 2 g ggﬁ a)? an LHSV in the range
fromo0.®to 15 hr' (v/v), and 26 hydrogen consunption in the range from 500

to 2500 scfq. perhdgbét ofdiaimA’ whiiH e hyRone@sing cddfdné 80 1- 445 nB _
H2f nBf e?ﬁc:) 28 29 3. The process of claim 2, erein the hydroprocessing

: 3
condi ti ohs of S0 16} egprise s repcliontemperature alfroa 4005F988%er at ure in the range

from 31 g650F-8 d- - 4 2dtetion prégld Ahd ' rdpge from 32
1500- 35Q0 psi g@(é?OA- 9np I n tlﬁg&?ﬁlﬁgb trof)érgﬁgpgg to 15 13 June

242 MPa), LHSV
2006 1 7.5 hr' {3275 Wak Bgéﬁs%éh%rmaecfmw tonth rafge. #rcbm 500 to 2500 scf
2 per barel oﬁydkdg_eubaashaaﬁﬁd?ﬁﬁl&té%né&@dnéeﬁtobsééécffﬁﬁrb%éi@ffeed)- 3 4 4.

The progess of claiml, erein the hydroprocessing conditions of - 5 step
1(e) co%pri se 'éﬂ“{dg’z!g’]f’?%?mf@?ﬂ)@tgawo'f'zl’PrfSﬁﬁ‘MOOF- 950F 6 (204C 510C), a
reacti d® pressure in the range from500 to 5000 psig 7 (3.5-34.5 MPa), an
LHSV in, ,the r e fromO 1 to 15 hr' (v/v and 8 hydrogen consunption in
t he raﬁée r%r o?ﬂ%d’&%s‘2‘&?6"%&“%5%@“&'5%/&9&%38@%“3&?'& ydr ocar bon feed
(89.1-425 nB HmMBé)geerPrably Gomprise a temperature in the range from

13 650°F-850°F (343°C454°C), reaction pressure in the range from
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.
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11 5. The process of claim4, wherein the hydroprocessing iggdit%@gs of 12
step 1(e) preferably conprise a tenperature in the range f OF- 850F
(343C-454C), reaction pressure in the range from 14 1500-3500 psig
(10.4-24.2 MPa), LHSV in the range from0.25 to i5 2.5 hr', and hydrogen
consunption in the range from 500 to 2500 scf 16 per barrel of liquid
hydrocarbagn feed (89.1-445 n8 H21nB feed). 17 18 6. The process of claim
1, wherein tHé fB&P@‘Eﬁ%f’%‘ﬂa“ﬂ(@)W%ﬁ'ﬁr"?%‘é’é*‘"ﬂg-’oﬁ?&ﬁ%m%@ﬁs boiling in the
range from 500F &Rorphdlehr zadltic.21 8. The process of claim 1, wherein the
feed is selected fromthe group 22 consisting of vacuumgas oil, heavy
atnnspherlc as oil, delayed coker 23 gas oil, visbreaker gas oil, FCC

| i ght cycBe d8i ,ﬂmomagémmﬂé'dwhﬁrem ﬁmwmmpﬁh@tmm fgm claim'1,
wherein the cet anegRMpBSE HN 2 in step 1(e) ranges
from2 to _15. 2? gR:‘d Sjlértllg@%%cessho %‘ﬂ?ﬂd%&lﬁér ein the
hydroprocé55|ng catalyst conprises 29 both a cracking conponent and a

Eygrogenam on4cormquhsomum= wﬂ'é‘r@mmﬁéé&éf%&ﬁd dﬁ 6PrdedbiAg zonthgr ei n thfe \

ydr ogenat,i on coppopent i s ecte romt up consisting o i,
VooV Pt Tand PP 8D mipainesal B aresse asdha B e 2006 1 1. The
process 08 cl ai rhydfprockssingizoné bfstey Heki ng conponent maybe 2 anor phous or
zeolitic. 3 13. The'process of claim 12, wherein the zeolitic conponent is
selected from 4 the group consisting of Y, USY. REX, and REY zeolites. 5
6 14. The process of claim1, wherein the second hydroprocessing zone of 7

step 1(e) is nmaintained at the sane pressure as the first 8 hydroproceSS| ng
zone of step 1(a). 17 1 ABSTRACT OF THE DI SCLOSURE
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2 3 1nthe refining of crude oil, vacuum gas oil hydrotreaﬁﬁﬁs%ﬂag
hydr ocrackers 4 are used to renove inpurities such as sul un pogen

and netals fromthe 5 crude oil. Typically, the mddle distillate boiling

~material (boiling in the range 6 from 250F-735F) from VGO hydrotreating or
noderate severity 7 hydrocrackers does not neet the snoke point, the cetane
nunber or the 8 aromatic specification. In nost cases, this mddle

distillatle is separately ABSTRAGTANC GHEDISCHDSIMRE di still ate hydrotreater

or, alterpatively, the mddle 10 distillate is blended into the general

fuel oil :gool .or used as hone heating oil. 11 Wth this invention, the
m ddl e di%t it therefining of gtde o, saguum gas ofl Rdrateatern pgHYIECSERSS Ur e | 00p as t he

vacuum gas Gird usedds M@atmmﬂnés%am 84 sultir, hil@gem dRd AbRIs b theverity
hydrocragyln qc& | %ﬁﬂﬂgé § nt. cost savhgg and/or utilities 14
saving a é’ﬁﬁ{@n fgaty lage epolingireaierial §rlng PG TaNR dr ot reater i s
not 15 eq mnm‘aooymrwmronbmemyaroﬁéatw bembiataaewity s the potential for
S|nultan ou 1 adln g It .cracked stocks such as Light Cycle
Lot Babrepakect hef notiectlng styok poe ecaengpimivg o ai gt - Run

At rms phe®i ¢ atmlsat@spmfmatrdm I mest tdees 1iBis middle pistiateus separatdly onment requi red
for m | dghydpaaaafsy MSiddit Sistitate hydrotreater or, alternatively, the middle

10 distillate is blended into the general fuel oil pool or used as home heating oil.

11 With this invention, the middle distillate is hydrotreated in the same high

12  pressure loop as the vacuum gas oil hydrotreating reactor or the moderate

13 severity hydrocracking reactor. The investment cost saving and/for utilities

14 saving are significant since a separate middle distifiate hydrotreater is not

15  required. A major benefit of this invention is the potential for simultaneously

16 upgrading difficult cracked stocks such as Light Cycle Qil, Light Coker Gas Oil

17  and Visbroken Gas Oil or Straight-Run Atmospheric Gas Oils utilizing the

18  high-pressure environment required for mild hydrocracking.

18




