HYDROGEN PURI FI CATI ON FOR MAKE- UP GAS | N HYDROPROCESSI NG PROCESSES

FI ELD OF | NVENTI ON The present invention relates to a process
for increasing the hydrogen partial pressure of recycled gas in

hydr oprocessing units, and specifically, to the treatnent of 5l ow
purity hydrogen streans as nake-up hydrogen gas to hydroprocessing
uni ts, BACKGROUND OF THE | NVENTI ON Hydr opr ocessi ng processes are
common adjuncts to refining operations. These processes either
enhance the val ue of | ower-val ued heavier, residual fuel oils (i.e.,
10vacuumgas oil or V@A) or treat contam nant-laden refinery products
(ﬁ-g-h, kerosene, digesl O@ﬁldPgmpﬂﬂmgNmed OGRS INNG proceszes,
t he heavi er or contani na rbon products are co-processe

wi th hydrogen to produce%ﬁﬁpﬂégﬁﬁﬁgﬁ%?ﬂ%gﬁagEﬁﬁgﬁucts (such as
gasoline fromresidual fuel oils) through hydrocracking operations or
refinery product i esel and gasoline are upgraded to neet
higher-quaﬁﬁ%#ﬁéﬁgﬁ&iﬁfﬁ%ﬁtaninant specifications for such products
t hr ough vari ous drotreatin rocesses, .e.q., .denitrpgenation and
oyl Fur i 2at | on o Srsett RO duReDS Roraares 5t vlures P MRS aRD nost
significant process variables in any hydroprocessin njt. It Ls
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BACKGROUND OF THE INYENTION
Hydroprocessing processes are cornmon adjuncts to refining operations. These
processes either enhance the value of lower-valued heavier, residual fuel oils (Le.,

10 vacuum gas oil or VGQ) or treat contaminant-laden refinery products (e.g., kerosene,
diesel and gasoling). In hydroprocessing processes, the heavier or contaminated
hydrocarbon products are co-processed with hydrogen to produce either higher-value
products (such as gasoline from residual fuel oils) through hydrocracking operations
or refinery products such as diesel and gasoline are upgraded to meet higher-guality,

15 lower-contaminant speciiications for such products through various hydrotreating
processes, e.g., denitrogenation and desulfurization.

Hydrogen partial pressure is one of the most significant process variables in
any hydroprocessing unit. It is defined as the product of hydrogen purity multiplied
by the operating presswre of the hydropfocessing reactor. Increasing the hydrogen

20  partial pressure results in improved catalyst performance, which in turn leads to a



20partial pressure results in inproved catal yst performance, which in
turn leads to a |ageTaggyZnil aSietd,|igher throughput capability,

i nproved processing capability for heavier feeds, and better product
qual i ty. i"c’i"ri‘ﬁ’é?“"i’:ﬁ?ém}@'t‘“lﬁféi‘é:“?d’fé‘;“a_rgheritl{isdg!blﬁiﬁ%aﬁ%iﬁ@@i&?rdv% pekagy designed to
significantly increase the partial pressure of hydrogen in

hydr opr ocesgapablitpfopE&sefedsOne biteppegeniatiiyve Sapplication of such
technology is disclosed in USP 6, 740, 226, where the fl ashed gases

from the high presgit:ert aRpdesahd@ess taspiolal dysigedoaighifiogtiaboudase’ 8- 83
nol % H2 are fed to the bottom of an absorption colum where the

ent eri ng galsesrtél precotentd Bydraush indiytidoyrocsasii b @ckesM Grd réprdse@ntigol vent .
The | ean sol vent absorbs the contained nethane, H2S, ethane, propane,
but anes Sandppeatandsudhrtaimdlbyy icdniaedie SR dHOgE whetbthe dbsed hads
10conponents in the rich solvent are separated by reducing the
pressur e arfthnt thehigh atebmsssepdrashypicabyeneidigedolt 883 sol% Bptreifed tvet ur ned
to the top of the nethane absorber colum. In this process, the

hydr ogen purs iojtomfof thaghsapemehdngaseshd pmunngpsishe cabsordgeentys
increased to 96-98 nol % This purified recycle hydrogen steamis

m xed wi t h coetkaedwitpa ko phonu dbe karcolvbitnboits threaantringd thetzame oSy al |
purity that can be in the range of 1596 to 99 nol % H2. The

i mpr ovenentetliane. ydrergransaatdipabtanss &es treaoshigwl Hyiloaant [The ilorredses t he
overall throughput and efficiency of the hydroprocessing unit and can
be ef f elét i veinpongnislin the delf wiveiimprsondraied tyhvedupiag the presstteend fhethiqatless

hydr otreati ng, hydrodesul furization, hydrodenitrogenation and

hydr odeal kﬂa@h-ir@ﬁq:nq‘:r@tg_@;k:@r sobfepfdeisBimed to the top of the methane absorber column.

In this process, the hydrogen purity of the overhead gases leaving the absorber is
increased to 96-98 mol%. This purified recycle hydrogen stream is mixed with make-
up Hz to produce a combined stream with an overall purity that can be in the range of

15 96t0 99 mol% Ha. The improvement in hydrogen partial pressure significantly
increases the overall throughput and efficiency of the hydroprocessing unit and can be
effectively utilized for improving the performance of the hydrotreating,
hydrodesulfurization, hydrodenitrogenation and hydrodealkylation reactor processes.

The process limitation of USP 6,740,226 relates to the potential surge

20  conditions that can occur in existing recycle gas compressors at high hydrogen purity
in the recycle gas, which lowers the molecular weight of the recycle gas to a value
that is beyond the compressor design. At lower molecular weights (2-3), commen to
high purity hydrogen streams, existing compressors are unable to create the
differential head needed to achieve the discharge pressure required by the

25  hydroprocessing reaction. Consequently, the compressor is starved and is shutdown.



The process limtation of USP 6, 740, 226 relates to the potenti al
surge 20conditions that can occur in existing recycle gas conpressors
at high hydrogen purity in the recycle gas, which |lowers the

nol ecul ar wei gh5ub s ho il Gh@ogasulit® PUYRE W 108akhe beiRQY e drhe
conpressor design. At |ower nolecular weights (2-3), common to high
purity hydreger st readiEnchent B& rdibtof ORI 35 e el 18RRIk ihan®feat e
the differential head needed to achieve the discharge pressure
required byprédeetiocdSh HEoRERRe ssigRgMERGHicObh; 1600 degeNinl MW fhig >5
conpressor is starved and is shutdown. Due to the inproved
hydrogen pubil-y reductdSBetmasd Mo226y o hep@iaial akl-gfixass tofe-fifegey Chie gas
for quenching the reactor effluent in the reactor is reduced in

i nver se Jr apbictibrofeghices tah endredse aitharovesll bw of M) retyedidiytiopen den, a
decrease in MNfrom>5 to 2-3 reduces the mass flow by a proportional
t wo- fi ft hs ifougthihe ezaibd, tvhh ed¥er®lySndre@eidclid vedizatine sithin thavesoease in
the overall flow of the recycled hydrogen streamthrough the reactor,
whi ch advereakeyandremaatiesdtideths jaoghpt.i | i zati on within the reactor
vessel and eventually reduces the throughput. Additionally, the
| ow hydr ogen puridiyiostlyetedowt halrogn euitity pirezals| that aveatlypialdlyeaveitabie in
refineries cannot be used as nmake-up hydrogen gas w thout first

subj ect i ng eherig0stmeahs Wl sepakatpehpurged iggatiboutsiepsibjdeats ibacr ease
t he nol e-percent of hydrogen. For existing hydroprocessing
facilitlls,stedmes psaertsudiistbosen tha intiSRe €y 7ale-P2&ntofdydoetn. provi de a
solution to the problem of processing a high purity hydrogen recycle
gas stream havi Agr exisbie diimpropesiightlatiéticoedis 2rogepd @is¢lésed hia US€ycl e
gas conpressor has not been designed to handl e | ow nol ecul ar wei ght
of such a hi-{9:2E6 deer natyprovgient eolwtipgtio glie praklerpraf grocassinghy Higbpro@essi ng
units normally process 78-85 nol % hydrogen gases havi n?. aver age

mol ecul ar WeEEesegcEgee proprdrviae & phlscylas gigiehi sfivien 2ape 3 Holaewckr

wei ght of the feed stream prevents the existing conpressor from

devel opi ng H6MFCEHHSF aeideehdmgat © gl Py arleeHe Breh At F158 2pislssur e
required by the hydroprocessing reactor. To overcone this limtation,
the c orﬁ)’r eSUEHY. naee pst - the prior art hydroprocessing units normally process 78-85

mol% hydrogen gases having average molecular weights greater than 5, the reduction
in the molecular weight of the feed stream prevents the existing compressor from
developing enough compression head to deliver the operating pressure required by -
the hydroprocessing reactor. To overcome this limitation, the compressor must be re-
20  wheeled or replaced, either of which will incur a great expense and significant
downtime. Failure to make the change to the compressor means the facility will not
fully benefit from the increase in hydrogen purity that is obtainable by the
incorporation of the absorption system of USP 6,740,226, Accordingly, this limits the

utilization of the process of USP 6,740,226 to new hydroprocessing units or to those



20 wheel ed or replaced, either of which will incur a great expense
and significant downtine. Failure to make the change to the
conpressor neans the facility wll not fully benefit fromthe

i ncrease i ittt tigesthp bttty Aeftality ksacolrhbdaatibeerhyoidchiar iveigat, pphat i on
of the absorption system of USP 6, 740, 226. Accordingly, this limts
the utili zatritphydbdgehheyde gsess of USP 6, 740, 226 to new

hydr oprocessing units or to those wunits that have the built-in
flexibility to lasdomfodat ebjécvihe predesConeationie ghite a biogdas applir i ty

hydr ogen recycl e gas. It is therefore an object of the present

i nventi on tafigrreiémd eppaprtocs sandn dticad fn gpisiag ivdropotesaipp Sacittias t hat
can be utilized in existing hydroprocessing facilities 5 having

r ecycl ed gabavngpevels oy enipkeatorvhat nanoigrotiveehigh freggine fredgsandiom
feedstream from | ow nol ecul ar wei ght input streans. Another object of
t he i nvent lcofmplsculay Wergbinpis seeape.ocess that is adapted for use in
hydr oprocessing systens of the prior art without the need for

repl aci ng or r eMigdilese Phipg obthe Svéntion semppddsopecessliBnis aderted foonsl  obj ect
of the invention is to provide a process that allows the use of |ow
purity hydidyerreressiaasysiaof &ppeorian wathew themesdforsplpmiiéecrapr hydr ogen
for the refinery's hydroprocessing reactors. A further object
of the invé’ﬁ?qhé&G}Fl%“n&‘im}}?fé%??’@e means to mninze any changes to the
quench _gas mass flows for controlling the inlet tenperature to the
cat al y$t beds 15t ghiftone obisction e fyantiop ive w¥idp g piogsse thajallows the use

of low purity hydrogen streams available in a refinery as make-up hydrogen for the
refinery’s hydroprocessing reactors,

A further object of the invention is to provide means to minimize any changes
to the quench gas mass flows for controlling the inlet temperatize to the catalyst beds

15 located in the hydroprocessing reacior.

SUMMARY OF THE INVENTION
The above objects and other advantages are achieved by locating the
absorption-based hydrogen purification unit downstream of the recycle gas
20  compressor.

The limitations and disadvantages of the prior art hydrogen purification
processes for make-up gas streams in hydroprocessing processes are thus overcome
by the present invention in which the hydrogen partial pressure is increased by
increasing the hydrogen purity of the combined recycle gas and low purity hydrogen

25  streams to 96-98 mol% by co-processing downstrear of the recycle gas compressor.



SUMVARY OF THE | NVENTI ON The above objects and ot her

advant ages are achieved by | ocating the absorption-based hydrogen
purification unit downstream of the recycle gas 20conpressor. The
limtations andiih ety Hae Sow eqhidendifsiaRlacBbted BY B QREs BeEf | cation
processes for nake-up gas streans in hydroprocessi ng processes are

thus over camentyn by heinpihe s@iredsiMeskle @8 With AWINCYS dshie daxehhoger wpar ti al

f
pressure is increased by increasing the hydrogen purity of the

conbi ned r eyt ecias batd shadwWafs bie b cOydingeabs3R%bs 8ark. t 0 96- 98 ol %
by co-processi ng downstream of the recycle gas conpressor.

The quench gas Tmgsockisand s@etiue eNBRLIe@IE aRGRiteMa; BylidbR tpr ocess of
the invention by using the conpressed recycle gas with a MV>5 as the

quench §as etistitghestentsdnatiog res@td g0 Danhesas hascivt G806 BF Bepi@sessed in
t he absorption system The process and apparatus of this invention
are parti cldvardfyhedppbiaaintiey thed ismaxingld tygssyShieaneentiayilngdditgytke gas
conpressors that are not designed for the higher |evel of the
hydr ogen puoresdny piobeas allosss atetcdlavabbeitblyydisen ofeashhi@railalecinthisqatinetsn
addition, the present process allows use of [ower purity hydrogen
streans av&binabtieunithas doatimuehs melyyt rEgeomuton¢OCR)Nt $ixasbadAB) NUOUS
catal yst regeneration (CCR) and fixed-bed (FB) platfornmers, as well
as the userbfiolusiess yillas Sunes §fllashedsygadhsief gons fidve the
10 hydroprocessing units for the make-up hydrogen gas service. In fact, the process
improvement of the invention permits any hydrogen-containing off-gases that may be
available to be co-processed to recover hydrogen for use in the make-up hydrogen
feedstream. Since the gas feed to the absorption system at >5 MW is available at the
recycle gas compressor discharge pressure, the process of the invention overcomes the

15 mass flow limitations for the quench gas system of the prior art process by utilizing

the >5 MW gases as quench gas.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be readily understoed by considering the following
20 detailed description in conjunction with the accompanying drawings, in which:
FIG. 1 is a schematic flow diagram of a prior art hydrogen purification: system
used in a hydrocracking process;
FIG. 2 is a schematic flow diagram of & first embodiment of a hydrocracking

process of the present invention; and



10hydroprocessing units for the make-up hydrogen gas service. In
fact, the process inprovenment of the invention permts any
hydrogen containing off-gases that may be available to be

co- processed toezeem\éefroulw%f@fg&a sERhd S dinkkat d18 hmls@ad&&gfwcreswen
feedstream Since the gas feed to the absorption systemat >5 MNis

avai | abl e aftht pRsdhegy&kien gas conpressor discharge pressure, the
process of the invention overcones the 15mass flow limtations for

the quench gas BystigmeahddfifdPE]BE sadk tefRERE 8GSerYhdvt bbdnZise t he >5 MV
gases as quench gas. BRI EF DESCRI PTI ON OF THE DRAW NGS The present

i nvention wihkil agpepriemds tasiguite @l Sin0d siaylaCamshd @fat 29 cbi@oh @l thow ng
20det ai | ed description in conjunction with the acconpanyi ng draw ngs,
in which: Hk@mes.1 is a schematic flow diagramof a prior art hydrogen
purification systemused in a hydrocracki ng process; FIG 2 is
a schematic flow diagramof a first enbodi mrent of a hydrocracking
process of the present invention; and
DETAILED DESCRIPTION OF THE INVENTION
Before describing the process of the invention in which the absorption-based
hydrogen purification unit is located downstream of the recycle gas compressor, the
10 process configuration of a prior art process will first be deseribed for purposes of
comparison.
An example of the prior process of USP 6,740,226 applied to hydrocracking is
schematically iliustrated in Fig. 1. In the typical hydrocracking process, vacuum gas
oil (VGO) stream 16 enters with a hydrogen stream 18 as combined stream 14 fo
15  hydrocracker reactor 10 containing bed 12. A part of siream 18 is used as quench gas
in stream 17 1o control temperature in the catalytic beds 12. The sour flashed gases
24 leaving the HP separator at 78 mol% H; purity are counter-currently contacted
with a lean solvent stream 76 to absorb the methane and heavier hydrocarbons away
from the contained hydrogen. The separator gases are chilled by cross-exchanging
20  with a colder, purified, recycied rydrogen stream 76, followed by refrigeration unit 61
where they are cooled to about -20°F. To prevent any water present from freezing,
ethylene glycol (EG) is injected on the tube side of these exchanges and an EG-H,0

stream is separated in a three-phase coalescer/separator prior to the chilled gases and

condensed liquids entering the methane absorber column 70. In this system, most of

G



FIG 3 is a flow diagramof a second enbodi ment of a hydrocracking
process of the present invention. To facilitate understanding,
the sanme reference .nunerals have been used, when appropriate, to

desi gnat e e, Seified ‘BibeKioHibti@l oBheh®mal hahd) diopaleEbiBN®Nd pedtatid e

5fi gures. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Bef ore

descri bi ng abdhebeprogessn tie ctrlt@nddriyénpdnamkatan hi ch t he absor pti on- based
hydr ogen purification unit is | ocated downstream of the recycle gas
conpressor, theAkOihowoessfignomfi gud &t ittenpoéesa op rtheo tnvartion pridizess sn Wi | |

first be described for purposes of conparison. An exanpl e of
the prior pbogeies colimySP réndi4Ope6e apphdaeier tompoyehtsodt the komgredssd
schematically illustrated in Fig. 1. In the typical hydrocracking

processd vawhiden gastredn foWGOe stirogemeobGingnyt sresmwbyt Bbsarphiyadr tgeby st r eam
18 as conbined stream 14 to 15 hydrocracker reactor 10 contai ni ng
bed 12. A pasing 8f putityetanitt® msl‘uspdioges. qllenmhbiegets absnrpgtr eamnt 7s t o
control tenperature in the catalytic beds 12. The sour flashed gases
24 | eavi ng ceihgriseiPoShp Aeaviep coranon?8s pfighegesd srepmrliSttyat areeseparated in the
counter-currently contacted with a | ean solvent stream 76 to absorb
t he nmet hanéolind fleenpeaerahgiodoe desodied ualia (/ST £GM.23%e cont ai ned
hydrogen. The separator gases are chilled by cross-exchangi ngr 20
with a col der, Puipfiregice pedipchashyidihejermbay derpdans gid bwedr by
refrigeration unit 61 where they are cool ed to about -20F. To prevent
any watlBr SPBRBALS f2Fo AYPIoEd 2nh geragady ren dhg hydegen (£Q) sightly jighét ed on
t he tube side of these exchanges and an EG 1420 streamis separated
in a threePpiuse hebicandsdmt wEp e dsghrssrreor e of thgcych 925 edMpyases and

condensed |iquids entering the methane absorber colum 70. In this
syst em mos¢theyshan the suction™pressure of the recycle gas compressor. All other operating

parameters of temperature and flash regeneration pressures are s described US Patent
6,740,226, which is herein incorporated in its entirety by reference.

15 This process also provides additional flexibility to use low purity hydrogen
streams from CCR/FB platformer or‘ﬂash gases from the hydroprocessing units as
make-up hydrogen to the hydroprocessing units by co-processing these gases at a
higher pressure downstream of the recycle gas compressor. Also, any hydregen
containing off-gases can be co-processed for recovery of hydrogen and addition to the

20 make-up hydrogen gas stream.

As shown in Figure 3, when high purity hydrogen (95-99.59 mol%) is
available from a hydrogen source, such as steam reformer or gasification plant, this
stream bypasses the recycle gas compressor to join the compressed sweet recycle gas

that can include additional malke-up hydrogen from lower purity sources such as



the H20 shed gases conprised of nethane, ethane, propane, butanes and
pent anes, are absorbed away fromthe contained hydrogen instream 25.
As shown in figures 2 and 3, the process of the invention utilizes an
absor pt i on¢¢hrken taa Jikieve, NRbdiancsant NepiREsse PR enbheobfft he
conpressed 5 recycle gas streamfromthe hydrogen-containing stream
by absor pt es avhimdiedhyherdinsivng its purity to 96-98 nol % hydrogen. The
preferred absorption solvent is conprised of the heavier conponents
of the feed stream 8 itvbationarvercsegads sitdficannlilhheios chment: t6|akling
regeneration 80 as described under USP 6, 740,226. In the practice of
t he pr ocessyddprodessiignwm@ninivanch thhexisies reayrée @n dorigesvdre bre ndOdaGgapbnent s
are absorbed and separated fromthe hydrogen at a slightly higher
pressur &, tdiahdle highampatigthehbganistréantshe di scharge pressure of the
recycl e gas conpressor, rather than the suction pressure of the
recycl e gas conpressfaciliti®d) tecpidgss oppresbisngn paissmiitde fg omptesmer at ur e
and flash regeneration pressures are as descri bed US Patent

6, 740, 226, highi whiti-swhepetutari weght p@riatgests.i Bxifting reqytier g5 yeobyrasefrer ence.
15This process al so provides additional flexibility to use low purity
hydr ogen stiesempd t6 rromile GERIAEBtp| lagteo hpdrogeor pufitizes Bifdswel by omm bhe

hydr opr ocessi ng units as make-up hydrogen to the hydroprocessing
units by collzedcegsingetifivwt mpddestioat fa b ghasticppedsupiecaowdishs eam of
the recycle gas conpressor. Also, any hydrogen containing off-gases
can be8o- pwelé@gse@ rfogsyd a;b@‘@ovmrsberdfb fqlﬂyelfraéigfe e Arigligdein pEFEVig thhe 20
make-up hydro gen gas stream shown in Figure 3, when high
purity hydpPegeatigspgnliiyg offf-9§ mjoke é}vhﬁaeatbb'éh@r PeRessaotHy R 6déh2%eur ce,
such as steamrefornmer or_gasification plant, this streanlbypasses
the recycl EfgadiecsHiEsesle G20 e REds fhinresdededtast] aPechcPe gas
that can include additional nmake-up hydrogen from | ower puri

sour ces su@hwaigh it igpeeesspry o fop dip ’fi’é’ﬁ?“d?“ﬁ‘g’r“m?ﬁs%l%ﬂ ‘?jé?élepép blﬂé?‘n

hydr opr ocessing units, or other off ases avai IabI e in ttﬁe refinery.
of the compressor, which is typically 88-96 mol% hydrogen. Operating the recycle

15 gas compressor at hydrogen purities higher than the compressor design may subject
the recycle gas compressor o surge conditions.

The process and configuration of the apparatus of the present invention
overcomes the surge limitations of the existing recycle gas compressors since there is
little change, if any, in the recycle gas purity before compression and provides the

20 hydroprocessing unit with the highest possible hydrogen partial pressure to thereby
significantly improve the overall efficiency and performance of the hydroprocessing
catalyst.

The second limitation that is overcome by the present invention relates to the
inability to recover additional hydrogen from refinery off-gases or CCR/FB

25  platformer units for make-up use without further purification. With this invention



Thus, the invention overcones a significant limtation common to

exi sting hydroprocessing units in which the existing recycle gas
conpressors are not designed 5 to handl e higher purity hydrogen
streans. -procsdsistnigmickiag tdtitdiniesss litidcag Sl enofja &l conprEssiocs dbactyhe
installed for conpressing high purity-low nol ecul ar wei ght (2-3)
gases. EXi st mnrige-webydbgn gasan ofrp repsoessingl egihgreertld gas siredine without
significantly higher hydrogen purities (88-96 rnol% can be utilized
Wi t hout si gdvdisetsaimpadtipg ibeiperdtrivens of te hydieprpesoigicetelysf t he process of
the 10 invention. As noted above, in order to fully realize the
benefits from aéhd biri Agitativa ofrpgiifaderass Bow efapaishighs is everetnedd-188g mol %
hydr ogen by the process of USP 6, 740, 226, either the existing recycle
gas conpr eskororppedst iceyclegas diaiihe & ddWoin lieapifalc® 44 Wi gasdsiiawpriof athhi ch
it is necessary to |limt the hydrogen ?qrity increase to the design
capabi | i ty Pofcetspelseedpqsiesefsireanhi 28R it BlafiyphsidedsPyp88Y)96 nol % hydr ogen.
Operating the recycle 15 gas conpressor at_ hydrogen purities higher
t han t he conpr essoinraest grrcea ! Sbjreation saificarlycgrpanga drecomsreeddor to
surge conditions. . The process and configuration of the

appar at us GfPabHigiehr 85 eeTeRTRE 1BF ofpt i) ePEBHES of hBY&EcHe I | Y afftons of
the existing recycle gas conpressors since there is little change, if
any, in théWWEEVEﬁﬁn%%§hbﬁﬁity bef ore conpression and provi des the 20
hydr oprocessing upit with the hi ghest possible hydrogen partial
pressur® to theﬁﬁﬁ?ﬁgwaﬁﬁ¥F%%Wﬁmvn$§ﬁP@V%m¥H@ﬁﬁW%PﬁF%aﬁﬁ1?%@@ﬁcy and

performance of the hydroprocessi ng catalyst. .JThe second
limitation af“ﬁﬁ?“‘i@%x%&ﬁ%ﬂ@ew%%eﬂf e erparrkivthesn SEbddr B€ 4o t he
inability to recover _additional rogen fromrefine of f - gases or
CCR/ FB 25pl &t f5rerwer! "3?1 FpERtog s ‘Frggg‘?tﬁ%mﬁ% ARSI mft{h%/‘flﬂ%? L

purificatignﬂ Wth this invention process, such streans containing
as little a8 80 nol % H2 can be introduced directly as a make-up
hydrogen stream for co-processing with recycle gas stream w t hout
adversely inpacting the performance of the hydroprocessing catal yst.
The third limtation of required mass flow of quench gas is overcone
by using 5 the conpressed recycle gas having >5 MNVin lieu of 2-3 MV
gases in prior art processes (see location of stream 17 and its

rel ative hydrogen purity). The i nproved process of the

i nvention significantly expands the comrercial capabilities for

i ncreasing the partial pressure of hydrogen in prior art

hydr oprocessing facilities.




10Al t hough vari ous enbodi nents of the present invention have been
illustrated and described in detail, other enbodinents will be
apparent to those skilled in the art and the scope of the invention
is to be determned with reference to the clains that follow. W
claim Schafipess for hydrogenating a feedstreamin a
hydroprocessing reactor, the feedstream conprising a heavy

hydrocay bon l haued, mrﬁge@%auﬁ@sfé i B2 Ry diBERICKLBf0 Ao el agen

ga; lnput coO onent eact UCI ng an e uent stream
Lr

compri Zf?eﬁ%rf%%ﬁ‘eg%éﬂgﬁéar oge R R Barb AP HRBbn8RC bl Rl alc0 |

o retes b AR genoas inelitef ”§5$®cbegfsa St Bl 2Bty Bh AR oo

a conpressed recycle gas_stre ing.the co ressed
recycl SU§a8 a1G @éﬁP?@g%efﬂé'ﬁﬁEG%% g,t‘r%amnth@r?gﬂq%{ﬁ@@s%(re@gb@or@ SHE) to
-40F (400 . contacting the cool ed conpressed recycl e gas

st r eamui¢asted hw@genqvﬁﬂwa@mar@meayﬂ&refyﬁf QEERMINSs thfyPagess Comprising:
hydr ocar bon conponents in an absorption zone to absorb the nethane
and heavi er ahywnueassiog the eldvenigascerganessdd mMelkstibdygaegat gasasiraas in
produce a hydrogen-rich gas stream containing 90 to 99 nol % hydr ogen
and a ra ebytle guaiscosgiressdr ts prace a compressed aayclengad steedigdr ogen-ri ch
gas streamfromthe absorption zone; e, adding the hydrogen-rich gas

streamto tie dmwdﬁ@me)@@ﬁgﬂesgedﬁ eas/fcly gdesesdn eamtampehrutayid tiog emggast
i nput conponent; and f. flashing the rich liquid sol vent

st r eamizpeaY-1l Fasto o4 LAFM)Ng stage to produce the |ean liquid
sol vent stream conprising 04 'to 05 hydrocarbon conponents present in

the conpr es%eQZOIhFE‘XIFI thBSolel rc%ﬁ’iﬁré%edcr%@cﬂ&?gé‘@trbaﬁl &@!?h@@an 1 liguid

conpressed recyc s streamin step ( produce a

and heas\é'lv%[ht Q%gérﬂcc%mgﬁgg& to%?ﬂb'&rocﬁrtbroﬂ%ponents in an absorption zone to

absorb the methane and heavier hydrocarbons from the compressed recycle gas
stream to produce a hydrogen-rich gas stream containing 90 to 99 mol% hydrogen and
a rich liquid solvent stream;

d. recovering the hydrogen-rich gas stream from the absorption zone;

e. adding the hydrogen-rich gas stream to the hydroprocessing reactor
feedstream as the hydrogen gas input component; and

f. flashing the rich liquid solvent stream in at least one flashing stage to produce
the lean liguid solvent stream comprising C4 to Cs hydrocarbon components present in
the compressed recycle gas stream for contacting the cooled compressed recycle gas
stream in step (c), and to produce a methane and heavier hydrocarbons gas product

stream.

10



2. The process of claim1l, wherein the hydroprocessing reactor is
selected fromthe group consisting of hydrodesul furization,
hydr ocr acki ng, hydrodenitrification, hydrodeal kyl ati on and
hydrotreating reactors. 3. The process of claim2, wherein the
reactor is a hydrocracking reactor operating at a pressure in the
range of 500 psig (35.1 kg/cnRg) to 5,000 psig (351.5 kg/cnRg). 4.

The progess e prRe8s ofLIRINTE, @hefeid thaWMRITEprdck EinHYSHR6 i8Gliddted from the
reactor is operated at a pressure in the range of 1,000 psig (70.3

kg/ cm2gy ol,8 3n@RHnG et Eycﬁr%@stﬁfﬁiﬁ%%@%droc?ackﬂbe, hgﬂ%%%ﬁriﬁ’éat%h?i m 2,

wherein"the reactor 1s selected fromthe group consisting o

hydrodem&x&%{kﬁ&i&pgn@w%@g%%@?%H%ﬂ& d the reactor is operated at a

pressure’ 1 n € range o “kg/cnkg) to 3,000 psig (210.9
kg/cnmRg). 6. The process of one of clains 1 or 2, wherein the
effluent liquid product and gas streans fromthe reactor are passed

t hrough_a high pressure separator .operatipng.at a pressure in the .
 ange of 2001 P5EE% OLIRE enblysrain e GU6IPL § AErackig teastsy Operating
The process of one of clains 1 or 2, _wherein the conpressed recygle
gas st rlghP@sauredanhe raigeicfslGesie (33 1 dgfanos te B,R0RdEH (357 - § ke/emg).
absorption zone at a pressure in the range of 200 psig (14.1 kg/cnRQ)
to 5,000 psig (351.5 kg/cnRg). 8The process of claim7, wherein the
conpressed recycle gas streamand | ean liquid solvent streamare

cont act4d i nThehprambseppon®nf claimes dtor &, phessutie hydrotrackiaggeadbr 800
psig (14.1 kg/cnRg) to 3,000 psig (210.9 kg/cnkg). The process
of any eferafrel gtrecedsng inltiad PAngevdfer, @M psine7hpdkggaty)gas, Hotppdig (210.9
conmponent of the reactor feed stream contains 90-99 nol % hydrogen.

kg/cng).

5. The process of claim 2, wherein the reactor is selected from the group consisting
of hydrodealkylation and hydrotreating, and the reactor is operated at a pressure in the

range of 200 psig (14.1 kg/cm?g) to 3,000 psig (210.9 kg/cm?g).

6. The process of one of claims 1 or 2, wherein the effluent liquid product and gas
streams from the reactor are passed through a high pressure separator operating at a

pressure in the range of 200 psig (14.1 kg/cm?g) to 5,000 psig (351.5 kg/em?g).

7. The process of one of claims 1 or 2, wherein the compressed recycle gas stream
and |lean liquid solvent stream are contacted in the absorption zone at a pressure in the

range of 200 psig (14.1 kg/cm?g) to 5,000 psig (351.5 kg/cm?g).



10The process of any of clains 1 to 8, wherein the hydrogen gas input
conponent includes a separate high purity make-up gas stream 11The
process of claim 10, wherein the high-purity nmake-up gas stream

cont ai ns 95-99.99 nol % hydrogen. 12. The process of claim1, wherein
the effluent gas streamis mxed with a | ow purity make-up gas stream
and conpressed in the recycle gas conpressor to formthe conpressed

recycl eggas Fd gdkss dBclaiM® RheeRs thetfonihiessdd fgcRrRresdidin ahaidsm
wherein the conpressed recycie gas streamis conprised of conpressed

ef f1 uengq G805 MEIHBaRANSrPc GRAREEFF R AWM JohRILH RS GRSin Thé RHBe of
14. The process of claim1l1l, wherein a portion of the gas stream

2 quench RS S AR IO TR O ORI RS of e catalyst in

the reactor within a predeterm ned range. 15. The process of claim
12, wherein the low purity make-up gas stream contains 50- 99.99 nol %

hydr ogeg_. The process of any of the preceding claims, wherein the hydrogen gas input

component of the reactor feed stream contains 90-99 mol % hydrogen.

10.  The process of any of claims 1 to 8, wherein the hydrogen gas input component

includes a separate high purity make-up gas stream.

11.  The process of claim 10, wherein the high-purity make-up gas stream contains

95-99.99 mol% hydrogen.

12.  The process of claim 1, wherein the effluent gas stream is mixed with a low purity
make-up gas stream and compressed in the recycle gas compressor to form the

compressed recycle gas stream.

13.  The process of any of the preceding claims, wherein the compressed recycle gas
stream is comprised of compressed effluent gas stream and a compressed low purity

make-up gas stream.



16. The process of claim 12, wherein the |ow purity make-up gas
stream contains 70- 99.99 nol % hydrogen. 17. The process of claim
15, wherein the low purity nmake-up gas stream contai ns 50- 90 nol %
hydrogen. 18. The process of claim 2, wherein the heavy hydrocarbon
i quid conponent feed contains sulfur, and the nethane and heavi er
hydrocarbon gas product stream obtained in step (f) contains hydrogen

sul fideqgt herrw S688Ss bahidlh NEhERS & WokhRf b8 B8s ebLAMbRGhStrRRetide

of : . contacting the methane and heavi er hydrocarbon gas

product éﬁé éé?m?r %?&Qeﬁ%&ngﬁ?ﬁg)rtﬂtthé’%éd?o 4 & GALAE a&Qﬂ?daH%% SRR e

t he hy ogen Su eby provi |ng a sweet ened net hane and

cur 11 aceier G REReaRT PUT M inepios it RERRIGHNESR il ™ °0°",

passi ng the hydrogen sulfide-rich am ne solution through a
regeneration col urm for produci ng a |l ean am ne sol ution for
cont actl ng in step The process of any of the preceding

cl ai s, %er@l%p@ﬁés%GW?@%éngF%f@%ﬂ’@ IgWPUEHY BRKET1UP FBOTRRT SO%ta'”S 50-

tenperature between OF (-17.9C) and -20F (-28.90).
99.99 mol% hydrogen.

16.  The process of claim 12, wherein the low purity make-up gas stream contains 70-

99.99 mol% hydrogen.

17.  The process of claim 15, wherein the low purity make-up gas stream contains 50-

90 mol% hydrogen.

18.  The process of claim 2, wherein the heavy hydrocarbon liquid component feed
contains sulfur, and the methane and heavier hydrocarbon gas product stream obtained
in step (f) contains hydrogen sulfide, the process including the further steps following
step (f) of:

g. contacting the methane and heavier hydrocarbon gas product with a lean
amine solution in a treatment zone for removing the hydrogen sulfide and thereby
providing a sweetened methane and heavier hydrocarbon gas product;

h. recovering the hydrogen sulfide-rich amine solution from the treatment zone;

and



20. The process of claim 19, wherein the conpressed recycle gas
streamis cooled to a tenperature between -10F (-23.3C) to -15 F
(-26.1C). 21. The process of claim1l, wherein the conpressed recycle
gas stream contains water and the conpressed recycle gas streamis
co-chilled with ethylene glycol and the ethyl ene glycol/water m xture
is separated fromthe chilled hydrocarbon gas and hydrocarbon |iquid

streanms priar pta@siﬁﬂtﬁﬁé hyg@rogba saligerreramind3olutioe tﬁﬂ’o@?ﬁ%sre@fenéﬂa@ibm 1,
wherei n the heavy hydrocarbon conponent is selected fromthe group

consi stédigmAffonsBLNAg aKBaR RNt sSLBSEFor dohﬁﬂ&inﬁ%gﬂéﬁ‘d@ﬁs oi |, heavy
vacuum gas oil, de-netalized oil, coker gas oil, resid, fuel oil and
aromatics. 23. The process of claim1l, wherein the recovered
hydrogen-rich gas stream fromthe absorption zone is further cross
heat exghan j . tr t ac '
ctep (ofw tH Heret e R e e bR P e
25. The .process of , claim1l erein the, L LQui ve ream
ont er o e BuHRd B phaeralirs teblinn Gor P27 e TS AR BB o Tor
(-1.1C) to -40F (-400C). 26. The process of claim25, wherein the

| ean Iiquid solvent streamenters the absorption zone at a
tenperature in the range of OF (-17.8C) to -20F (-28.9C). 27. The
process2®f clhd Progess Qﬁ@?'@i‘ A9t Weenednihe| Gofirrassesl \ashelegasadipaghisdogled
the absorption zone at a tenperature in the range of -10F (-23.3C) to
- 15F ( -126 teQ)perat2ige btneequr-d0&fs $-26f3°anio d6° Fhie2®dekdi ng cl ai ns,
wherein the rich liquid solvent stream passes through at |east two
successive flash separators. 29. The process of claim 28, wherein
the separated gases fromthe first of the at |east two successive

f :c ash sze?a; ary prodess 60ETRINE S SEHerNlticeddnifredsddrddyeleaianstifdnv BoAtane

of step (c).

water and the compressed recycle gas stream is co-chilled with ethylene glycol and the
ethylene glycol/water mixture is separated from the chilled hydrocarbon gas and

hydrocarbon liquid streams prior to entering the absorber.

22.  The process of claim 1, wherein the heavy hydrocarbon component is selected
from the group consisting of naphtha, kerosene, diesel, light vacuum gas oil, heavy

vacuum gas oil, de-metalized oil, coker gas oil, resid, fuel oil and aromatics.

23.  The process of claim 1, wherein the recovered hydrogen-rich gas stream from
the absorption zone is further cross heat exchanged with the compressed recycle gas

stream.



30. The process of claim?28, wherein the at | east two flash
separators are at |east two-phase gas-liquid separation druns. 31
The process of claim 28, wherein the at | east two successive flash
separators operate at successively |lower pressures than the operating
pressure in the absorption zone. 32. The process of claim®6, wherein
the separated liquid product fromthe high pressure separator is |et

down i nppr esgiy &o%@s@&?gﬁﬁx@@wh@ﬁ@irpfr%%%&léad !:élﬁﬁb‘ﬂe‘és@@?e@%% §ad &M is
33. The process of claim 32, wherein the |ow pressure |I'iquid and gas

stream AR i I ow
or casur S RGERR el Ak IERIEAT R RREANN LOnB dliEf ol
wherein the | ow pressure hydrogen-rich gas streamis conpressed and
co-processed with the conpressed recycle gas in step (b). 35. The

process, of aim 10 rein the separate high purity nmake-u

v ogert gasl 8 PoaRsbppdetd. vhErrolguRer jaul SRk ited™ S tine
process of claim1, wherein the conbined stream coggresseg in step
(a) contRFORRNQAZAG H RENRBIALER BYBR.ranay of ASY I ocbdsCt Br-4Ryiaf¥#8erht i ng
a feedstreamin a hydroprocessing reactor, the feedstream conpri sing
a heavy hydrocarbon Iiquid conponent, the reactor also receiving a
hydr ogen gas i nput conponent, the reactor producing an effluent

| i qui d 24.r earheaprdcass epelain 85 eivhéngénthedasn iguid snjvenhetredrilanders tiggas
stream conpri si ng unreacted hydrogen, nethane and heavi er

hydr ocastizonstiont fumepatecessparaiups irsthegange of 0°F (-17.8°C) to -20°F (-28.9°C).

27.  The process of claim 26, wherein the lean liquid solvent stream enters the

absorption zone at a temperature in the range of -10°F (-23.3°C) to -15°F (-26.1°C).

28.  The process of any of the preceding claims, wherein the rich liquid solvent

stream passes through at least two successive flash separators.

29.  The process of claim 28, wherein the separated gases from the first of the at
least two successive flash separators are compressed and returned to the absorption

zone of step (c).

30.  The process of claim 28, wherein the at least two flash separators are at least

two-phase gas-liquid separation drums.



a. conpressing the effluent gas stream and a nake-up hydrogen gas
streamin a recycle gas conpressor designed to conpress gases with
average nol ecul ar wei ghts greater than five to produce a conpressed
recycl e gas stream b. cooling the conpressed recycl e gas
streamto a tenperature in the range of +30F (-1.1C) to -40F (-400;
c. contacting the cool ed conpressed recycle gas streamw th a | ean

l'i qui d 30l Verte slotesab st 28] WBereth the dtsediy di@sachaRiveaTHRARRBhEAIOMR
an absorption zone to absorb the nmethane and heavi er hydrocar bons

from t e, G oMEPAaSBEEE iRy %ﬁ%ﬁ%ﬁﬁéﬁ‘ﬁhttﬁﬁgw%ﬁﬁg rﬁﬁ‘eé’%?é ROBR ddsDROtARS

stream containing 90 to 99 hydr ogen Vi ng aver age nol ecul ar
wei ght ween two and three and a rich liquid solvent stream

d. recovering the hydrogen-rich gas streamfromthe absorption zone;
e. adding the hydrogen-rich gas streamto the hydroprocessing reactor
feedstream as the hydrogen gas input conponent; and

f.
flashing the rich liqujd solvent streamin at |east gne  flashin
Stage 192 pr CHIREIOCRE PLEA ouPereSbin AP L iR B g BF Bgh cs
hydr ocar bon conponents present in the conpressed recycle gas stream
for corﬂrﬁﬁ%‘rﬁ@epﬁ@t%rdélf%tdjcﬂmﬁ!i‘r@%%eﬁ‘é@i&ql’éeg?a@“’s@ﬁeé%‘#ﬁei‘ﬁ“&%’ﬁj g39

and to E:roduce a net hane and heavi er hydrocarbons gas product stream
stream.

33.  The process of claim 32, wherein the low pressure liquid and gas stream are
separated in a low pressure separator to produce a low pressure hydrogen-rich gas

stream.

34.  The process of claim 33, wherein the low pressure hydrogen-rich gas stream is

compressed and co-processed with the compressed recycle gas in step (b).

35.  The process of claim 10, wherein the separate high purity make-up hydrogen gas

stream bypasses the recycle gas compressor.

36. The process of claim 1, wherein the combined stream compressed in step (a)

contains up to 85 mol% hydrogen.

37. A process for hydrogenating a feedstream in a hydroprocessing reactor, the

feedstream comprising a heavy hydrocarbon liquid component, the reactor also



receiving a hydrogen gas input component, the reactor producing an effluent liquid
stream and a separate effluent gas stream, the effluent gas stream comprising
unreacted hydrogen, methane and heavier hydrocarbons, the process comprising:

a. compressing the effluent gas stream and a make-up hydrogen gas stream in
a recycle gas compressor designed to compress gases with average molecular weights
greater than five to produce a compressed recycle gas stream,

b. cooling the compressed recycle gas stream to a temperature in the range of
+30°F (-1.1°C) to -40°F (-40°C);

¢. contacting the cooled compressed recycle gas stream with a lean liquid
solvent stream comprising C4 to Cs hydrocarbon components in an absorption zone to
absorb the methane and heavier hydrocarbons from the compressed recycle gas
stream to produce a hydrogen-rich gas stream containing 90 to 99 mol% hydrogen
having an average molecular weight between two and three and a rich liquid solvent
stream,;

d. recovering the hydrogen-rich gas siream from the absorption zone;

e. adding the hydrogen-rich gas stream to the hydroprocessing reactor
feedstream as the hydrogen gas input component; and

f. flashing the rich liquid solvent stream in at least one flashing stage to produce
the lean liquid solvent stream comprising C4 to Cs hydrocarbon components present in
the compressed recycle gas stream for contacting the cooled compressed recycle gas
stream in step (¢), and to produce a methane and heavier hydrocarbons gas product

stream.



