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CONTROL SYSTEM METHOD AND APPARATUS FOR CONTI NUQUS
LI QUI D PHASE HYDROPROCESSI NG FI ELD OF | NVENTI ON Thi s
WO pwenviseh rel ates to a process, apparatus, aneCTES1006010639
of control for a hydroprocessi ng process where the
CONTRRSL R%sT Eﬁ*}fbﬁf&ﬁﬁ%ﬁ?}\mw FOR CONFINUBUN EIQUID
I's no onger necessary to circul ate hydrogen

t hr oughout the PMEHYDRGWESﬁINGr art may be

found in U S. Cass 208, subclasses 58, 59, 60, 79,

209, and 213. Additional relevant art maybe found in
FIELD-OP INVIESPIAN/, subcl asses 171, 202, and 392, as well
—as other clrasses and subcl asses. BACKGROUND OF THE

Hmanmmnwletep tes prcessnappatdten and mgthod of sentre) far a

cont i nuous

1.d,ph d
hydmpﬁoﬁﬁ?ﬂ% RTOCess av%%i;e t@g §§a‘f’: s ar L, %ﬁﬁg ??et%%ﬁ‘hﬁ]eﬁ \M% i ﬁ%slﬁ;(uﬁd state and it

is no ldﬂ?@%eb@ssﬁﬂyf 6 léir@ﬁl@temydfd@ﬁﬂlr oihthe wefalyish eRelatzait lbﬁbr arsmay
imnated. This is acco ed by m xing and/o

be fourid iad hf riglasn0%h yehcdasees Hnd ,tGQe 7%. 209 #rdoel r/é%&ltéwa Feleyrat art
may be> f:g (g nlcl?ISO Elagss E?Jé,h %péellel%r s fl'hl ? h%9wsf°\ge15£b%]1ﬁé@&&9&%d
subclagég£sent invention is al so d| rect ed to hydrocracking,
hydr oi soneri zati on and hydrodenetal i zation. In
hydr opr ocessi ng, which includes hydrotreating,
BAC oG noVENG®NT N9 and hydrocracking, a
——@%@-M—rﬂ?eﬁtmt ing hydrogen with a
PEHerppésenining e io direcded toi d doatiesqus r131&1cﬁ1§1asohy¢rppmcessing
chem cal s, for the se of. satuyyati
o drrgis b e gl b endhe pgidp ciretlalS hydioten gas
througfz ﬁfétc% e?mnﬁﬁtefi OfThi¥G} SEHmPlistil tﬂflihlxﬁxﬁ%jéiﬂdrq{hshlng the
crac | ng Cat al ysts havi ng speci al ace
hydrogen epe thtei cdktodredraataguin therpresencs ol salvenp podileat ithwhich the

hydrog'rég ggﬁlﬁﬁ“{ gs)%(ié}lr f:/fall% f}g ﬁt?qcogﬁggcli Ih"%}? %r%?e&g grgve{m{g on 1s also directed to
hydrodi‘fc‘kﬁh%?ﬁfrd%ofs@nfeﬁﬁitﬁfn%dh%ﬂfo@@ﬁ@taﬁﬁﬁmna vapor phase into
he I'Tquid phase where it will be available to react
vﬁntﬂydmppmessmg urfhldnmh\qlb%hmrofm@ngmyrda@@léﬂng, Hydrorefining and

hydroc"r%‘cﬁ(btbgy 98?@% 1Sé 6\}38%3)(: Cé)ac g cﬁg% wﬁ% a‘f»g ?lte{u%%rzycﬁhﬂ distillates,
resids, Q)@bﬁiei/&ﬁenbi@ﬂs f_JShﬁhegjulrpc%B df Edﬁlﬁaﬁﬂ@bﬂ@ﬁmvfﬂghulﬁlhrm@en oxygen
t he bed and rogen is absorbed.into a.t

metalsorr oier CQIﬁ&mlnaﬁtSdPstOF rrmhcelhr W%ﬁht fodaciien @F%tng? BQ@M&S having
spemafs%lg%@eg@%%%% a%y I |1§86|% n o ag?%?%@fg?éeegs{/ actfs@t?q)ot 0
accomﬁﬁsh thadegfpdradctionls).sever e condi tions, froma few
undred psi_to as much as 5000 psj f' h ﬁg%era ures
f RGOMEFTS19Aal DITEPRTOTSRDS THERT-RFEY i1 GRBLer HES Gt frgm & vapor
phase {Sn?/@@tg?équi(ﬁ%%sé {unettl it whPHE AHIEBL tb FeabORME A pe@BRlIm molecule at

the surface of the catalyst. This is accomplished by circulating very large volumes of

hydrogen gas and the oil through a catalyst bed. The oil and the hydrogen flow through the
bed and the hydrogen is absorbed into a thin film of oil that is distributed over the catalyst.
Because the amount of hydrogen required can be large, 1000 to 5000 SCF/bbl of liquid, the
reactors are very large and can operate at severe conditions, from a few hundred psi to as
much as 5000 psi, and temperatures from around 400°F-900°F.

The temperature inside the reactor is difficult to control in conventional systems. The

temperature of the oil and hydrogen feed in the reactor can be controlled; however, once the
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tenperature of the oil and hydrogen feed in the
reactor can be controll ed; however, once thefeed is

W0 p®cde2s8he reactor, there no adjustments to tPET/FFEN@M0639
that can raise or |lower the tenperature of the

feed is Fhdidd e rQPRR, tibretrdr Rjushiidnté RANE Systdn thald Cart @dseto@lower the
tenperature nust be acconplished through an outside

tempergtime cfthe af/hydragen mixtuee ndeychapaed indlateapier tominsratimgjrayst be

col.d dr qgen i.nt he reactor.if | .
sccom§igd SEPRAFEPU TS pitEe A58 £ty kb BREOTRRnis Aot ot cold
hydro %@ﬁﬁl@tﬁtth@ﬂea@caf #litybdcbsiés todlHok.eThie Midtindd ofiogolih@a reactor is expensive

_tenperature of the reactor is often a difficult task
and is p poieotislsptehoRd. systens, controlling the pressure of

t be e ' ' Br&ds hefichigekk i
o IR S BRE HPLBDeRARE SFlCTo R E BRERE IATOHPR in
converifoRabaysensf cdrtellingsthe pressiet efithe hydrmpsacessingsysteghisa much

valve if the pressure becocﬂes ta reat, an

d.to
casier [aey BEFSEITS I ESEIPSEHSEHE TGRS FresHEs B LS Syfiem, rlease
pressugftgngﬂfgg ARl iPWMe pReddiRTREEReCOD LI, HY %6 BIE&E8 Delpr&Bure of the

control the pressure on a single
systenhif diropressnesisicames Gmdpbwr ;A rssevecqnitohsysten canohbe used to control

I A TN

and inSbad PRsRIYdintRR o8 MBe MMtfr8 sy, Gk 6 @Rt VitgalirSactors.
cat al yst coki ng. Coki ng occur's when hydrocarbon

nBhe ofithediggestareblems witht hydropapcessing isotatadyit caliag e Colyimg occurs
unt, of hydr n available IS | (.Gl
when RS mREWES PR Pl Iop L apiay I tthods SRR the Hifount of
hydroS& HANAs1e AssurEsiedt! TheGholekil gracRdtottBk point tharit dornisieke, a

surface of the catalyst, |eading to coke forrratii)n and
carbonpee@isiresidico rCreeking sar tke plase on fesyrpenef tha srtalyyls {ading to coke

: ing i in US Patent Numb

formaljSi ol SGEARDY dTp a1 LS Rt en e 6,
1&8%11%?{0321 ’\ﬁis%giA %ﬁ i@ﬁg;ﬁéﬂé@ﬁﬁéﬁ&ﬁa@hﬁiﬂmw 47,
DONOR ROCESS. na ' 1

issued; tRMpRnIEhY. o WPEIALY AR Foh ROt %@#@‘Wﬁ%

TME%&’%@EI}I%ON@% Bf]?@ﬁN‘i*Q?E@Aemg‘r PROEEEST REcCIash 197 mixes

process, the mxture I's separated into product an
the inpuefitw withueiohor dihabnt toesupplyrihe biydrogent foi thercpgpiimey proeess byhfter the

kg, SR RAE L o0 AL LR 8 L 1) B e
diluené I‘rﬁbﬁg%&%{? #’% gﬁétﬁ%m&ﬁo sh6HSNS CRImEBb YREiRht NB® fSIORSEracking

fi
e process in order to rel ease the
step. INotk thgeMcBenaghydi 47 ubstantislbkehaggesthe chenpiel nabuwe & Higydonor

. 147 process is limted b ey tenperatur :
ciluent ifipBREEO L I 5B POl o e REF SHe Pegfipe gAlso: the
McC(HfagﬁBﬁ Sl PRoceddisAiniRRL 5y @peLRAIPRMENGS késfraliPOSE doilFoking, and
on t’he maxi mum cracking tenperature of the process. .
incredsedsligiitagas prodmotidye WhiclsSs asBonemingly imposgd higniben Hie maimum

August 1 1989, discl oses a METHOD FOR HYDROCRACKI NG
crack Wpﬁﬂi&‘f%ﬁﬁ?}%@%bo ' 168 uses both a donor

dith gepdteRMNLnbEe UEBON 68aisied t6 Wubb ¥t 41nen Ayduaden1 989 discloses a
t he catal yst enhanced cracki n% .
METHOD FOR H¥DROCRACK]NG HEAVY FRACTION OIL. Kubo ‘168 uses both a
donor diluent and hydrogen gas to supply the hydrogen for the catalyst enhanced cracking
process. Kubo €168 discloses that a proper supply of heavy fraction oil, donor solvent,
hydrogen gas, and catalyst will limit the formation of coke on the catalyst, and the coke

formation may be substantially or completely eliminated. Kubo ‘168 requires a cracking
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process. Kubo '168 discloses that a proper supply of

heavy fraction oil, donor solvent, hydrogen gas, and
we@analyss4 Wi Il [imt the formati on of coke on PEEUS2006/010639

catal yst, and the coke formation may be substantially

reactorGHitlc 4Ry &taal ¥ sepdrie %@H@%endﬂﬁ?@eécﬂ&&viﬂﬁ@aﬂﬂyﬂs Kaibo ‘168 also
cracki ngreactor wth cat avlntys and a separate

relies amythe breekdawmeyf the deresrdilientfor supaiykydrogangs thepsactipngyocess.
reki f r..ai r
SR e R B D SOPR e 1B o0, v
HYDRUDESULBURGAATIEN PRESSEIRE CONITROL appaatublfwesheollihg pressure
. 1992, shows a HYDRODESULFURI ZATI ON PRESSURE.  CONTROL
in a compymtian dydogdpsULYHEIN A GCIOFBEIE I SHWACTERHP RERSFBR of 2
FZ At F : erehn the
L
manipulefiiy averg cpninalembreifor the refotratigpyoaesnindi marrek that insures

. mani pul ating a.ven ontral valve for t r ef or.m
meximgudeatoho saARIE R ARaEs fardriratimribinny o B rogen
from tHd re?éfﬁii%@ﬁo@eég}{g{/éiﬁ&f‘thf&{gh%%Wn,f\#é‘ht ¢avé.on before any

of the hydrogen fromthe reform ng process is vented

tBiSoBefient Nembent, Uaeln® 13y tssvesl toSt@cy Patiargnsiiy 1988, shows a

revoffit ol LR RS e PR °

temperhiife MR PA Hidhch QiR khdt Bis@ AHHenoRtinY 8i@at Hgtereheseddum
met hyl ati ng agent as a quench nediumthat is

that is infrodpereclesiwben seguentigbtpaetiar zones Btepeiar. 7 brfeRropertign of vapor

react or.. The t f 1. QL .
pss BR8P 0o KRR OGRR RO Bl e
and prbVide feigeydtated 8@uclion by tkevhpprieaticieo itk iquid com@onent of the

reduction by the vaporization of the |liquid conponent
methylgfing Rgentet hyl ati ng agent. BRI EF SUMMARY OF THE

I NVENTI ON m accordance with the present invention, a

process has been devel oped wherein the need to
BRIEEISUMMARYQUTHEINYENTIONugh the catal yst is

elimnated. This is acconpl.ished b 1 Xi ng .,and/ or .

f R AHFORRER IR BG Brgesnt JHENHem Agrgoethaseey és‘fei%mdﬁ”weén the

! - Cc Jaients

need (GO By Bogtn 3 R e AR ol TS o OXRHRRY by
mixing emoafdshpieghe hydrogenanddhereil tq bs wedtedin theprasgrbeedemsolvent or

. | utiian., The t . . .of  dil t added
aituent gy FRigH e idrqetn oiBisR ik rndeizsfe seink B es® S onsfif
pressufd eflvi®nihedt, 98 &bt FRIAFEn idinlsBRutiBMdr opr ocessi ng

reactions i's available 1 n solution. The

oTh¢ tiipk aed ameyar dgénenadded, an welns theamadier gaaditios gan be set so

eactor, such as a.plu | ow or.tubular rea (1, .
ot ol P06 B gpoBY ealied i Rupio e Bt 1 n SR B Be sgtyton.
The oMLy HRZBA sbMESPERNhESHE RAUD beehctdr)@ichfa0aplug M@y or tubular
hydrogen recircul ation is avoi ded and the trickle bed

reactonpaekad with eatalysiovisa theail angl hydengga seactrh Hogadditionat hdrogen is
ek . L B LR S50 R raion of i

reactof N Hviole@U Theie@ite Ahe hagetrickdied reacpuro vartlee replaeed by tnuoh smaller

reactors (see FIGS. 1, 2 and 3). The continuous liquid phase reactors provide more control

over the reactor temperature, virtually eliminate catalyst coking, reduce light end
hydrocarbon production and can make the system safer.
The present invention is also directed to hydrocracking, hydroisomerization,

hydrodemetalization, and the like. As described above, hydrogen gas is mixed and/or flashed
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over the reactor tenperature, virtually elimnate

catal yst coking, reduce |ight end hydrocarbon
w@e@daersson and can nake the system safer. TheP@r/esmué/010639

invention is also directed to hydrocracking,

togethdd WEHhQhé RI¥RStbElahhPAdi kel el AELaydl G ydestrackied prdiict, idotnerized
As descri bed above, hydrogen gas is m xed and/ or

product, o stsueled dempiatedyrednot.ise af seplecaleydregsd in selivtigand thepdhe
.. as I cl cracked product, isonerized product,
1nm&ng%lp§%§ép§§a§%%&?g|ed product, so as to place hydrogen
i Apaadipleioblfect afifie hanttihentibi isthe pravigiers sfah imfroved continuous
. . catalyst. A principle object of the present invention
liquid phase hlrpprogessing Fysiema processy Boad.cBH{or 3RATatus qui d
p ' : nd/ or
e e B B B o ey 15
hydroctdekings hydreisomenfatan, Fisphreoxlzcpsaly dnd/or kysdcodemetalization process.
hydr oi soperi zation, Fischer-Tropsch.and/or
R R PR D PR O0S s B HOIL Ry ol mefhed for o
reactoflh % 8Rfind ¥ %ﬁﬁidﬂfhabéh};d?@pr%é&’lhg L ORerRf prBc&8thétRba BEAgparhtus.
for a reactor 1n a conti'nuous Tiquid phase
Muchtiogrrobixes ef thg psassitanyenpion ¢eths pravesitroof oy impypeadaapparatus for
ot her .obj ect of .the esent .invention is the
controflg gieniAyp Lahtd PR PRlORI P B AL HBy Rt ie B R grdior
apparafi@Nt i nuous |iquid phase hydroprocessi ng system

process, nethod and/or apparatus. Another object of
t Aveotheradbiast of the presentinyentiohés the prawisiomobd liguidileyel gontrol

ol Y30 T BB P SO0 B o o

appara@fs. apparatus. Anot her object of the present invention
I's the provision of a pressure control pethod for the

vapaherpstvagsé of theipaeseat ingugion ds hepreyiden ot #bEsRIe pefiffed method
o A USRSy TSy AR R TR sy o,
procesk,iBeth6 vt fiparat@d. an i nproved continuous |iquid phase
hydr opr ocessi ng system procgess, nethod, and/or )
herQpiechRE HEiPACCRBIV Peiionds haprVigan Phimiriavedeatighous
it AT AR S S, BRI G A e i
may flo® ihfoeh@reavios fiom eifheatheitopobthe deactior thechestohi fithel reactor.

phase hydropr.Qcessi ng. system . process, t hod, and/ or
L S pether QRicehAG 1 S REInYERIOg,* B PRGSIC of SRty vFLchipgous
liquid gh%'e 'ﬂghl%pf&%%%]sysf&ﬁ,tpk@eﬁb, RRBIJAO A/ ortdpphMusBihdréiR e design
ed reactors. ot her “obj e¢t of the present i nvention
of the Bysténh enayrfoatingsi aninglé reastdn.oimigiplei rgintorsandfny dndbplethed seactors.

i l.i quid ph . hyd [
DR g eeseaP RS igR R AR of el bl
hydro%g?&)vr\%s %@G%Qé?t&ﬂiﬁﬁgé gaﬁﬁl%aﬁﬁlyﬁﬁp%&%fﬂs% f%v&'ﬂﬁlg excess gas at a

is a schematic process ow di agram
constapf rage direstly|frdny thedop ehthersactor.
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FIGURE 2 is a schematic process flow diagramof a
resid hydrotreater; FIGQURE 3 is a schematic process

wo b@er1aisagr am of a hydroprocessi ng system Fl QRREUL2006010639
a schematic process flow diagramof a nultistage

BRIEF PESCRIPTIONCOF THEWRAWINGS schematic process flow
di agr am of 1200 BPSD hydroprocessing unit; FlGURE 6
|F§GgJF£ch@rﬁa10h@memc nroa@mfy @agrﬁ@acftadile@ybwﬁﬁr%@s e the

by the
HIGTRE i sohih ploled s GRERRlor el oRr

FIOURA 3 & aJs‘chamdtimproﬁéss\ﬂome@agmm (ﬁ'}aﬁ’(}dmptbmsang bgstem;
uantlt% U|d|nt2_1 reactor s controlled b the
i scbﬁ@a@%gr@ge%s O AP HCR! P eREea5(or 8Ysgem
S90S 5 & f c %aﬂ@pfolcé’éé’ ffo%a&ltagfr ArSYSE BIHOVBYRTS h (lﬂ%grocessmg
guantity o lquid in the reactor is controlled
unit; | evel of the liquid in the reactor; FIGURE 9 |s a

iC an act or .3, stem
JGHRH § Searsoneiatiol » ke BpRitau SAERLNERG PPy fdiauia
in the R6A551 'E:Snt?cflleﬁhﬁr ersel fthé NGuil @RAfeQbdctdrt GURE 10 is a
schemati ¢ of | ow two reactor system where the
FUGRIRE ¥ isof sdhcm@n@l of :mdo\rvue flowareadter systepoihers thesgnaptitytafdiquid
evel i n reactor: RE 11 is a
inthe igfgfinia Srnt e vt Rrs it AE 1 R B e e wher et he
CRIGURE 8 i4 sdhieftidti€l of & i ﬁofv&ééb‘t&@yét&m&@lﬁﬁré el Rentity dffiquid in
pressure of the gases in the reactor; FIGURE 12 is a
the reagioh isragnirellest bhﬁheg?}/ o Pﬁiheﬂlﬂbldrlééléﬁt@ﬁc'@yst em where the

W ? ig %schleﬂl%lﬂg ?ﬁg&vﬁgegcg rsyétgﬁg%%ﬂ]f S(ﬁlqnﬁ]xﬁ, JriGuid in

the reaStol mhtrcn@;f b}amelmesfshﬁwftHWga@mﬁtthH reay®i;em wher e t he

uantit Ilqwdlnthe reactor is control]ed by the
Sl? i 0 #5ra yohemgiie eka down Hawtwgdeastor snfﬁt@p@eratheﬁuanﬂty of
. | .emw th
o FEHERBHP AlonfafRrey WM SRS Bt iBben 1
rH&TﬁjRE 11 & cahtematit efla Bywh flewl tewebtactdr sybtem whgre the quantity of

react or i a s ermtlco a down fl ow
liquid a tﬁa re@cﬁoéwmw%ﬁmww aant HEGEOGher e t he
QERATRIE Y2 ?J a éthHfaﬁc bPard BE 6K AGH Pactct s9§i%rv%ér@ﬁ1e%aﬁtli@ of

pressure of gases |€i§t he reactor; "FIGURE 16 iSs a
liquid scthe natcioc 1sﬁonanllaqbby Hevewil ofihe ltqaabmdhe gpstoem with two

beds .wh tit liquid |, h .
B s L Snenals oty AR b berleevili yidl o uanity of
liquid i @e E@a@ﬁﬁ%eﬁkﬁi@fb} the predu® ds6s Bfth@feabrf | ow
single reactor systemwth two catal yst beds wher e t he
UEAIRE ¢4 Gﬁf a sdhgmiatic pha dpen flenciiegle reacion Aystemn vath typ qatdyst

beds wWhere the ag 1ty OP th%g ﬁaelrgact[ot}eis controlled by the level of the liquid in the

reactor;

FIGURE 15 is a schematic of a down flow single reactor system with two catalyst
beds where the quantity of liquid in the reactor is controlled by the pressure of the gases in
the reactor;

FIGURE 16 is a schematic of an up flow single reactor system with two catalyst beds
where the quantity of liquid in the reactor is controlled by the level of the liquid in the

reactor;
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reactor; FIGURE 18 is a schematic of a single bed,
down flow reactor with a liquid |level controller for
WQIs®o6i1ms5a4 cont i nuous |iquid phase hydr opr ocessPELUS2006/010639
process; and FIGURE 19 is a schematic of a mnulti-bed,
HGURBM T BaccRémad ¢f A0 e SiiplcGeftdiisySlemewith tvas catsl9st beds
in a continuous |iquid phase hydroprocessi ng_ process.
where thepppmtipobEgaRiphearaaper ip av@rqi{ed@wdbeepreasuﬁ @fctgg gasgh &t the
reactOrthe need to circul ate hydrogen gas or have a separate
hydr ogen phase through the catalyst is elimnated.
HMGYRBE 1 isaasehérhstiesk dingte bed)goandiaw rdattas withg lidudd level
hydrogen and the oj.l to be treated i.n the resdence of
controlieT 4| Wre iR aa?ntenupu%hﬁulﬁmm}lyérqpé%?ﬁ%wca@gw
SAGHRRE 16 % f Rhell¥ ulttﬂeéf"ug PR RELtoPKRE BWé Bressure
environnent, so that the hydfogen in is solution.
controliers s sisé i ogeinuoss lijuie phasa iy dropfdcassireproedse. t he
oi |l /diluent solution so that the maxi mum capacity of
the oil/diluent solution for hydrogen is utilized.
DETAIVEDWESCRIPEXORSS of the anount soluble in the
T~ oll/dirugent sofution renmains in the vapor phase. The
tWpbawndevalopadhe pofcest Wherathearbdd o ciaanlate hyydragen gas or have a

react or conditions,. can,be.set .s hat.all of th ..
separale S eien SR o e 15 ERL Ry Sekaaning Pecdeptsfied by mixing
and/or MsHih@ethyldfbesR labd tHRMbil 1R tiated Gh kHeaittdeRysls RO Ivent or diluent

~ solution can then be fed to a plug flow, tubular or
havingat nelatively déghoolgukivdar hydrpgeained gastaphpressureeBionmga so that
O- . . I .

the by DR IE S ERG, R A e R BT oA S
solutiohrsb ¢hdt ehdoaaximmet edpacity of tht bi/dileattsolutios faMeiddasn(seilized.

FIGS. 1, 2 and 3). Hence, the |large trickle bed,
Hydrogeadaegeess ehhesmauapsolelle ipihe pildiluspgolutiongemaing in the vapor
reactors (see FIG 18). In addition to using nuch
smal l er or sinpler reactors, the use of a hydrogen
rBeytgpeambamees 96 dilaait addddd edwelBectha seactdriconditibhsg can be set so

that at 5t R HoBfaE 57 i PERRTBHSSSRAFBIE 1570 o Ge 1 fion. The

oil/dill%inf/ﬁ%ﬁr@é&l SNHIBIGA 193l B %hgqlon@ SR R Qea@\%??acked
or the recycle conpressor. I'mnation of the recycle

with catalypirvelss o theanihndrieydusgen aéact.f o additinpidldygtoggn fs reguioed, therefore,
hydrogeidsyiulioh ntiomsaging b Gk ned Raetafitn SPHR it hudiipd (e

FIGS. 1Y 8Rd 8P NHARY, € 1254 @RI Ued rR%dr8 BarPBhreh BB &luch 8maller or
accommodat e the speéecifications required of the

simplep readioes (segFlen8 specific feed. To achi eve the desired

odyct ecificationg from articul.arl
chridiendt Goe pEah st STLPeEREb e i of o o drpegprecyete
comprésde fsia0Bidkd. BacHusy all EV@B hiyfrobbe regafied Miehereattidn mhebe
reactors are required, thereactors of the present

availahlpiresnlitinn zhead pf @i eeactar, thereds no aped torvaculatedbidspgen gas within
the rea%%? M fo 'ﬁlé]eed for ﬁ{léﬁ}*lecl:ﬁlie compressor. Elimination of the recycle compressor

phase.

and the use of, for example plug flow or tubular reactors, greatly reduces the capital cost of
the hydrotreating process.

The reactors in the present invention may be altered in design and in number to
accommodate the specifications required of the product, given a specific feed. To achieve the
desired product specifications from a particularly contaminated feed may necessitate the

addition of an additional reactor. Even in the case where multiple reactors are required, the
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size and nore sinple design still results in a
reduction of capital cost when conpared to

wa@eoveamsonal systens. In addition to utilizi nBCT/US2006/010639
multiple reactors, it is also possible to house

reactor$1tf the Pt@esiadhaditivh abesisfenteli b BortvehliciBll tcac®acChdbuse their smaller
housing. The creation of nultiple-bed reactors (see

size ang-pgre $ig)ple designesiill isiiisgn e apductipn efeapital cast when eapgpaged to

i I c | ,&.0. i | .
comerf Gy S PR ESAE SRR 5 g i ed o
multiplelcafabgybeiB ywittin t ainglediehdter ItkingaTak yedatidy pEmuitiplevbedreactors

efficiently acconplish the _product specificat

(see Flfgn §9) igrtheiewersfapite sesthyattilizings ngle seactpr vessel t%qlo%gearlnhltiple
o ; ca hiahl . _

PSS U DS gy coniin

differenteatdlyst typEh & mergpeificientlraabntphich thearoduct speaiflsation goal.

AR B B HEE LB SR ARyt

aresulf, Eg%at afaitol ﬁeg{t%ﬁgérféfatediﬁi tA9redctof MERd Rinpafatile 68 BRAENotor can be
and bl ended wth fresh feed and hydrogén. The recycle

controlxdrbsausinghs teciele lstream.c Acwntrdlldsl/val e p€raaciop affent ¢ag be recycled

feed apd drogen on th at al yst and reduc t.he
back g G FoP LY PG LE P BHC e ERET 8 S Qe Y g frosh feed and
hydrogeBNTRE 8cyEIR sErédin RBsdEdMdadtilef@dd BY tdibétInl dfiBe f6a@ ahd Bdtogen
feed tenperature, using a preheater as necessary, and

on the ealystirandneduses thedgmperaturrisedtirauigh the tsaeien; sEhaigactor temperature
{ i cul .
cn e PTG L CSAFUGLTACO D 0 B R Hn R  Hosssy,

and th&RSEN bf kétyele! T additiew, beefust tHetrb@fclcaraiadonefind helecules that
tenperature of the reactor through the use of a .
have alzepdyirpassers 1t alspuicey op pa e inceiitugnt. The nspssBisiayentioniprevides further

' t fcl : : '
conoofATHERPARARlr I LR DERBATHOLS OHIRERIAY 1M e st
as oppasddan tirgenoéntinabinickle bed sedcioguivtierelvatea thémitroof liguitihisit

. . liquids, in general, have hjgher, heat, c;’%gp cities thaﬂ
distribyigd gxer thgatalyetar e adKantpgenl acoplpiquy ligpdphgss tactor 1 that

. ’ . i .
i) S 1l BB LTy A0 i 100, TGRS il i o
given molerwic/thb greatarabdy that mehgoeledtas far absarbinfz hedt Tomtitssugosndings

while . &gn 213?1% f ?ﬂ%%q%rée %&g%p%r%tut?%ﬂgegé a& %:glgtmtlﬁgss ﬂal?lidrf)%ase reactor
acts as%%?éiﬁl&,%?m?ﬁtgf@&k%&ﬁ theat Hh fhe BEctbiblegHMEl! RO cRipetdt@e

conti nuous | | phase reactor, the process becones
throughongh Witlo Srerintrodustion gf theeohidnueas liqniddheseugactor, irs pratess

40F- 60F (22C;330). t t diff B
becompRigpE b Flofe g boiteds R b o atiech VP BCRE SOHRer 7220
temperhfBE difRer&el beRIRAMRYS Mh&oflinldt Ah& FaBtor bikl@de bpprBRinidlely a 10°F

reduci ng the tenperature difference between the

(5.5°C) trmapegaturerdiffereneri Ineddition totadueing tlhanigmparatire diffarpree between

| | i qui . I
thereap et P essr i B bRt e v D o Bl oleBe Rt o
serves €@ badl$ teddBé thegbhlgmtdTRopsppeedtvelopit@nbitidn tlhedatalyst bed.
B‘é@ir oprocessi ng, coki ngycan be nearly elimnated

ag ¢he nrasenbinventign ey BydaBiogessHgd sdarmcana neady sliminated
Lon. to avoi Ki - - I: r L QF e .
e T L
reactiong tikeglaceP aha dafdeaintd much longer catalyst life and reduced operating and

maintenance costs.
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mai nt enance costs. Anot her problem found in

hydr oprocessing is the production of |ight end
wogasocssbon gases. These nol ecul es, predom nab€l/ys2006/010639

met hane, are an undesirabl e product which, in great

eittg pepbderh ifbureisin hlyﬁﬁiprdlﬁsdi@@‘ﬂﬂlﬁdducﬂionaﬂ (ight @idetydrocarbon
cost. These light .ends increase in cqluan s the

gases. {[Bggsapalecyles, @redlor%én%t@laém%qmg@f%nee esfig emr ckwihiph, in great
i

emog R P o O TR BB ok e i

quantitylae the tempemtmp of tht weagtion goasagpe §Fl$|pgob16mc;é ﬂngh‘yemimvélctlon is

the set. .t f th mbat t
futher QP st B9 b ROLTY AP G BT ERBIPL 0y o navhere the
temper8RiRS M¥ich&i s 1&1&1’[19 WBHEIthD St eSmpdRhtare RF eheRbat&d To combat this
t hroughout t reactor. The quench boxes serve to
occurr¢mp,e®nvenﬂo@aﬂwrf@ge¢ﬁssmg ysténas erapley dhe uss of gaeicd hores which are
placedglhrnyeél L 0 \;gactczoﬁl?lgt hgrru!hgbgoo erv%\ﬁ)tmj%g é’ol(ll ﬁy&%génoﬂ%qthe

reactorf10 $&lude #afteinpefanza Ermde'lfh@redetsr gNotodnly mw.}@u%‘mfankmpﬁmve
and the nmethod of controlling how they i ntroduce

choiceigicioglam thededrtom i cra RS safety bagarh Thedesiansef thndesneh poxes
and th&fﬁg th SRS RIS h&w ﬁqe?fllaﬁgdﬁ% Hg g dﬁ f% ﬁl@tr ?or%}‘é%?ﬂl because

unaway reactyon coul p033| y creating
an erroa nomid phwssithalostef a:tgltltoh ef the entﬂmtsystﬂmem rumawhp reaction could be

TP e e
cracking i9 %&é&tl? héfiRed Q%hqb"y AN fﬂld‘fbdﬁétﬁfh ﬁﬁoﬁ’% meabs$bMKednfinuous

Create a reactor environnent that 'is close to .
liquid please heactonworking slspear hicgleinkdo wrdatentaasion msntonment that is close

. |imnat.es the need, for cold dro
to isotfegil, oS R et Be b en e T Fl R B rppen
quenciPbSEES8d SRS thetapRARSt s dfptetaquatd fdiehsyetesantindieases the
the introduction of a continuous |iquid phase reactor,
safety phdp&Ysiema need to be able to control the tenperature
{
e Bt ctobr Bt AL By Aifaldiiinol ARr R nebl Mpe sble o
controB&le tenparathitd ofghé hQulde ﬂmtrea:dtorraadylmiseﬂfelheau:hlninwfhicheallows the
nperature of the fr fee i ble t

S (O
Systerrbts AEPBIR clgse te éﬁeﬂ@rra?lu %ﬂﬂtrpﬂgla tfla amate@tﬁi‘?wcxeéﬁeé gqd the
temp ex%ﬂxge BRB LA féeﬁelb }fkg?&ssﬁler% 'coﬂﬂrélriﬁé‘{erﬂﬂaﬁatﬁi% &4 A quid 1nhthe

rogen quench’ her issue that arises Wt
reactot, Iamd matntaiol tiot ieahsiok, witlon themeed forlhiydragen ghersd bogest or

IS the .nee for a pro ess f conroIIJn the ntit .
RS g s P e T S Pt G TR reakror i

the ne¥¥BH$ a pFddesd for EOBrdIHAN helgnamity bf tHat Hqhid. tTHR is 8aehPliskédby one
be controlled by maintaining the liquid in the reactor

of tw0tvmya Ejrete thre aniiteod liqpideia th regrtomcange cpptroljed byimaigtpining the
liquid ev & Féar@tao% gtlé 3 Vﬁ{cﬁﬁe%ﬁ?%elt(ggg ﬁ[dss G%ﬁ@ﬁ Ti f1'4;e lellﬁg.uhldthis process,

there 1§TB Ispﬁcﬁid’dlelthmd fevehangewéthinahe teaetot whichdnust b€ snaligtainbd.gif the
anmpunt of hydrogen in the oil/diluent/hydrogen

level %tb& liguad gegsrigo highetheammouat ohdiyidrogsa m therqlidiBient/py qrgg@rmlxture
going Hg(\?v relabt%g {Vglrlrgg ﬁﬁlreafé%todlpglexé tﬁlg ‘ﬁhuﬂt}e%q 1814 thdttlvel SRR Rl Arops
too lowj ﬁlé ainbustif/hiyyichzen ﬁnthm oxlf/ dﬂuentg}wdrc@gen mhigturé going dtd dlte reactor

will be decreased to allow more liquid to enter the reactor. In the second control process, the
quantity of liquid in the reactor can be controlled by maintaining the pressure of the gases

inside the reactor (See FIGS. 7, 9, 11, 13, 15 and 17). The excess hydrogen and light end



10

15

20

25

30

will be decreased to allow nore liquid to enter the
reactor. In the second control process, the quantity
wo@boobitopsd4l i n the reactor can be controll ed byPCT/US2006/010639
mai ntai ning the pressure of the gases inside the
hydrochbas ledes (ke tht @actof ardheld fo a §p'3:(31fil=5 paesslurd 7 If thd peessure of those
excess hydrogen and i ht endhtﬁl rbon _gases inside
gases hepemesdge geat, gh%alnemﬁ of y@rogﬁbm dypeddiydeogen mugiyge

mtroddggc?ﬁﬁ&{h% 1t TR d&ﬁ‘c‘s%ﬁ;ﬁ{/ eganﬂag) AssudsNer AEBHALure

drogen in uent m xture
drops tbon ldmdhla:ﬁdommto(ﬁ hytre gereacthe Dll/(dnlhéntﬂgddgen eds@c wil be increased.

Ina hya.%}%rgcl\éfef,éngt e W%r r%s S@P@ﬁé};ﬁgﬁ%@?ﬁ U.ﬁlp e ll;e(ed r%glgtg?s efrg gsed the

quanti 'o'f’h@lhlldliﬁ Bl BYAbRIR) rlnrthé(éééé 8f Mﬂuﬂa@bwferas@ﬁ Qflrrolhdidg the
y roprocessm st em wher e mJItlp e reactors or

catalyshrbedsi gﬂnéwa@dtrpg@ct s exelusive atilization of gﬁmnmlgltlnlre liguigl fewtel

controts 8L E}uit}plee g%ﬁor? :S’E??g‘rlfﬁ 0{11#51@ %gﬁ%f’%%%‘?s ol ﬂbe%pgg ﬁ&rglog %flthe reactor, or
the twé edHitfo hdefddb yhaly 1t o@ﬁﬁimb‘éu Mevadious tarabinaions] withintee same system.
nultiple liquid level controls or nmultiple vapor

prheqyerent inyentios) alsapdiffersdroyn seveptional iechipplegy Hb‘ihﬁ Brgewreas can
be ven{elaﬁlofeg%gﬁgﬁl thg gera}i:{égs 1.cony ?ﬁg%@&;i@&@&@%E nni'ﬁ¥ Vpﬁmfmsf gases
directlg fistrethe rebotr by mﬁemksmln\becmnse)hy(kbg@l ghsinfwest be Eirartated through the

cqnventiona] tec n that exc ss as can
reactor, dRERP R FoLS P QRN PR B GREO 1A, LETF AT Apal of
hydrodd¥ WRild Sfoki&h usbd %eYﬁ&&ﬁtﬂ:g I%caﬁs@stﬁ§pl@bér§ GiveMtibn Qi e
reactor is not possible because hydrogen gas nust be

continggus diguii phdse m@gg ht is et nesgssaryr to cnlfcu]g‘@shydeqyntthrongh the reactor,

di rect | conve nt i onal S
and thof S e o st B T B S0 e o Rl
hydrooaﬂﬁﬁtga@est henBhg sRdtss EVERCH P frot the ir&Rfor A116WB kridR¢! @ﬂﬁwnt
i phase reactor, it is not necessary to circul ate
controh h@ gstent hy supknizing thebwe speded for thp sysies teadjpsialigheianges

are magg’g‘f) % é{rgl’:f‘)t géltgﬁ/era[e #35he %;kﬁﬁ{ (Iﬁln gfﬁg@g&éegﬁg (ﬁ bf }gja}o gen

ases. | T6C
fromt]ﬁers;metme reactor allows nore efficient control of the

en1by mnimzin the ti me needed systemto
a%yqxéts o é?ak?m%‘?ﬁ oosPR IR dRSFn (e eist ﬁzs‘frg ireqiggencrally
des1gnEt%H %g@ﬁe ﬂu?ﬁeorald{bhtﬁ‘l‘é& f2Ea B o9 %rbuhﬂ)eﬁrby%éﬁ ¢ n%é AnPi4 to

e system FIG ows “a sche
Comblmtmm@ma 18. dihediran rfeen stack K2 idipespkd hy fedtcheige gump 14 to

combiGRE %, 5 BB, Mt P TRl RobefS e
hydrot%%f@él' 8&t iR RHBFB feciBixhire QO f\/ﬁﬁé‘t‘ﬁres.’!@fél{hér?seb&a&ﬂﬁﬁ 86barator
feed charge punp 14 to conbi nation area

22to fbméimstfsmatgm wase gasep 24 rhé penataitst midurgidOh Sﬁ’?%ﬂ&@ééﬂ?{%‘? 30is

dr tr ed f 6 f
combné?jfj WM¥ tgl %te%n rgact ?{géljt élgl’rgg n{ne(ti%%%(f ?hg}e ét%@ Shixture 40
is spliff 1ﬁfol'ﬁ)vfolm§duc$ Sk atoyclavisy e2gnd ESnti&ﬂm@g’lﬂoxﬁ &pa rRiabﬂﬁle flow is
m xture 30. Separated m xture 30 is conbined w

pumpegayiegyele mymp ﬁ4 febeaogie thg hydotrented feéfééé ahigh W@H@Hwé with the
ﬁﬁﬁlg%Eﬁigﬁﬁéﬁgé%h ?ure 40 is split into two product
OWS, recycle

ow 42 and continuing flow 50. Recycle
fCOlenumgﬁlﬂm éd ﬂ@yvsriﬁt!o)sepaatpnﬁbMéretsmodlﬁhs&p&ratdnsvaste gases 54 are
drotreated feed 16 s._conbjned wt
removec){ to create the reaotede separate\:l(\ih ﬁ 6b Reacte(i separated fffow 28 then flows into

flasher 62 to form flasher waste gases 64 and reacted separated flashed flow 70. The reacted
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fresh feed 12 and hydrogen 15. Continuing fl ow 50
flows into separator 52 where second separator waste
w@amed0544 are renoved to create the reacted seper/asmde/010639
fl ow 60. Reacted separated flow 60 then flows into
separatbd 8adiRl R T@isftasmpirhmaliato sitsied 7gadese ddpperdvastagasesd/4 are
separated fl ashed fl ow 70. The react edseparat ed
removed, tg Jovare the| wiput0rqdict $bn punped into stripped 72 where

& P 4 %&g&é@?&é‘%@‘%ﬂg Brocédt W dfaﬁgt'ﬂ‘}’ £ alrBsid ﬁ&&?ofr@@celoggnefﬂly

prod shows a scHenmatic process f
des1gna:tediby e funtera 106s [E"desh)fcbtiﬁtm(&a]ﬂ@rls gembinad Wythdsebaeghhﬂeai

combisioh a3 et SR S R 3 53R on e

124. T8 @‘Qﬂnﬁﬁﬁd%slwﬁcnfeeé EEFisGRE] @enHePwiR By&0g€0 1Y Adl hydifotreated
area . The conbi ned sol vent-feed 120 1's then

feed 128dntfom uy@mgm-wwmg“eqd mmuradaohﬁordmgp@-&wé@ntf%é@m@sre 130is
to d f
e s TS O0: T b STl St B 3 speret

mixturb 186t S??ﬁzﬁé@h@ituﬁe’b’mot@ chrabimed withtcatbypal 42 Brrevast B4 to form

ases and se%arat ed m.xture 140. Sep 3rat d m xt %
reacted|ixtirs 168nHiha&epc dtmlxaa@ APy isesplintq fwvq redpgdlopparecycle tlow

152 and%r ﬁlﬂt\ﬁtﬁﬁg hgg lrgbxﬁéég cé gfv fga% %@g%ﬂe%/ {EF%JV%IE‘ %Ergﬁgiﬁal'toc‘become

the hydmttéatav feed 108 mhnﬂlﬁ@ coRbmedIvétifthesolv&s-fesl lﬂﬂnmdlydyogen 126.
recycle to.becone the hydrotreated f 1
rmeing SR p e atin SHinad SO LESuReY stFoRf geparator waste

gases WA 85 v G0 cfégfétth@féaeﬁdfséﬁ%\%té@ﬁo%' 1905 RieRét8d S&afAél flow 170

separator 162 where second ‘separator waste gases 164
then flawe inte ftosted 17 btmfoeratfétslmtrewas@agaswl Heypdrreacee Fepaated Atpshed

d fl f
flow 157 Fhe fladEE8R P Siies 1 22 p Dolei T donfitbel Dl ol Mok 122
which fid éiﬁl'ilﬁﬁlecf WﬁW‘cﬂeﬁﬁcorﬁﬁh% ffdspshari1oast e gases 174 are
cool ed gX condenser 176 to form solvent 112 which is

cBipieaeiad ogperptedilashad SawnigOrthestowsing sttipperige whese steigper
waste §%4§9 V\%*e ?‘lg rg{n@ﬁ?&ﬁg i Yykejb%&&tg%hfg 4% into stripper

ripper was are renmoved to form
t PES. Gushpuis a@blﬁﬁimmic pkSékss Ab. didbrah dusa Bydsefreo@sing unit generally
process flow diagramfor a hydroprocessing unit
deSlE“@'@ﬁéWéh‘F?m&%@i ted by the numeral 200. Fresh feed

]csf:“l%g}%( fe2ll %IOO!CE 262 L MY xgpchﬂ Tie trcﬁlhex‘ijt'ioureaﬂh fi2Q4oatbition area
I'rst co 2

nati on area orm irst diluent-feed
206 to20fn fiFstrdiluenti feerb2A8. fiist dR@Stifeed 208rs themsombihedivwith asecond

ond diluent .210 at combin Jon tO 1 4
dituen] B SR BT R oA 2304 SR EB RO T Ssidpd ditue
feed 2*1& 151 RN RHPREBY kue%-kééa%mfg@ 636 tHtagbr2difatiod area 218.

rd conblnatlon area 218. drogen 220 is input into

hﬂddmgelm 220 rspnptstsmo hydmgen compiesss 732 da Bl pympissed hydrogen

24. Th d d
224, Tiiomplereenup s Ry Houg Sroffiomniiel B 2100
C 9BddnE TIlaehtiRed maild?czﬁnlﬁesse@ Bydrbga Bt aré bombined at third

combination area 218 to form hydrogen-diluent-feed mixture 226. The hydrogen-diluent-

feed mixture 226 then flows through feed-product exchanger 228 which warms the mixture
226, by use of the third separator exhaust 230, to form the first exchanger flow 232. First
exchanger flow 232 and first recycle flow 234 are combined at fourth combination area 236

to form first recycle feed 238.

10
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conmbi nation area 218 to form hydrogen-dil uent-feed

m xture 226. The hydrogen-diluentfeed m xture 226 then
wo b@wgozsks ough f eed- product exchanger 228 whi cPCTVEFEI86/010639

the m xture 226, by use of the third separator exhaust

2%Q firtQed RIdHeb D38 iHehflowsGhiRO R first E@‘df-ﬁ&ﬂlct Ekd¢tahger 240 which

exchanger fl ow 232 and first recycle flqow 234
warmns dhsriBiieis 238, WonReat Lo sshnacr Gl araien K TABER vt 242, to

form t eﬁs%g&l e;{c egﬁee 9. fsg&ﬁ'{d e'k@ﬁ’%gleﬁﬂé@ 0d4 238 séc%ﬁ@ rddyO8Slow

rou exchanger 240 whi ch warirs
246 ard dstﬁnbme'd Mrfﬁ:ttﬁétﬁnblhytlmmea)m& tbeforx sdvand exbytlerfeed 250.

rectifier ex aust, tofo m t he opd
ehhersg remi%fesgig 0 &G abein SoRIFPCYI ISR 25 faytorm feed-
recyclesﬁﬁﬁﬁl‘é fSQC%é@ré‘ckl&\é’n%QQI@ﬁﬂ S BbWe thtdkedetdr tillet separator 256.
nbi nati on area to form second recycle feed 250.

'[Haedﬂ;@tyu}anp@my (Z>3|5€,l 15 @Q@ra@gon reacto @ﬂetrﬁem;gtor 356 to form reactor

inlet seé)%%gor{yga% Cé%g{/‘rg(ge am.%2 Qﬁet E:eg) ré]geszTP{lL g ﬁh? F} %trr é%t?ctsg arator

waste gd%l:@ﬁ!S SABMapddr oBfwidee@tlovediclysth ehd'pmiem eysﬂs51420($
ggrated in reactor inlet separat 6, to

et BEXtSEANHS Brmined B e ebE BRRS(H A4 to form
reactec? I%tz%% Fﬁeéétg&ar < ?ef oW EREd ﬁctbln&ﬁfet §%§‘z&§1tﬁ8

e gases or Ot erwmwse re from

tlkl@ctﬁd&ﬁﬁmre 26 isesep2@ted 11!1 rdaetor setﬂxa sepeeaion?6& torform égciag outlet
conbi ned wi t al

separaiog GG @A B SBHY R CLHIR G T o PO SeRprpor waste

gases SRPESWR FroBt e @bachiiRAkIRL L ar%f%@ 26§§ﬁf b8 GhdA Mdrbd 6r SB6rwiSe removed
separated I n reactor outlet separator 268 to form

from thepresant syigth@00separ at or wast e gases 270 and outl et

rated m xt.ure Rea r Q
o BB 3o haPh BiteRe AT e B oP ket b YERREBL 26 BB Sotitnto
large 186\ 1A Gw 218 And E@ﬁtﬁﬁu%}o@lehéﬁpﬂtaﬁﬂ i ed6 bt Bt §ﬂ1ﬁ area 278.
present system 200 tlet separated m xture 272 fl gws

olargefecyelgdlast 2 biasinampse gipughoiec yagPunes 280 opepend spliparea

22, LGOS LR 4 AT O EOR LBURES e fcSoRat o o
second teaye12 Tidwi BiepwihipR dret txed ugprevmylgldmcpssnﬁs 280 to second

lit 282.
Crminiing oK PRESROmES ATB leves BES ani rvecl ot Ty into
efflue %%%925@%811&@&%63%@1&@@{ &y age used as previously

i scussed ntinuing outlet separated m xture 276
| Hasted efﬂuest ﬂmp 12186 fkanwsantﬁ T8stapctifick 368 Wihnteat isfsblitaq first

reciSBT RGN £ 0P PENIBETGLAOT 0B FIT oISt ERHGH S S oy et

flow 290 sbﬁﬁr&@iy‘ ﬂov‘z Eﬁt@ sédohatexélﬁﬁgérfwﬂrwlfé%@ﬂl@ﬁttelﬁﬁ&a@[’&dﬂffef@be is
rectifrer flow 292. First rectifier exhaust 290 and

reducdd.rst rectifier flow 292 separately fl ow into second
- ChnERa s o a oS oY g SRR O B i Hh IR ehchanged
exhauSPdRUSHKic2 DOwE 1d frst Fdedtprodiet efdhengee 240 anpesiously described. First
feed-product exchanger 240 cools first rectifier exchanged exhaust 242 even further to form
first double cooled exhaust 296.
First double cooled exhaust 296 is then cooled by condenser 298 to become first
condensed exhaust 300. First condensed exhaust 300 then flows into reflux accumulator 302

where it is split into exhaust 304 and first diluent 204. Exhaust 304 is exhausted from the

11
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exhaust 242 which flows to first feed-product
exchanger 240 as previously described. First

wo e@dAmseduct exchanger 240 cools first rectifP@r/US2006/010639
exchanged exhaust 242 even further to formfirst

systemdOb IFerstditleat2 @k flaws to ZBconinstiondoed 06 to @otbihcendtiatirtfresh
296 is then cool ed by condenser 298 to becone first
feed stegindf@rasaedqidy discwsed. First condensed exhaust 300

tﬁf(alrkx];fl o ir s‘?oﬂrﬁf%rgt} Qtﬂgéi?%r & nﬁpﬁrsm%ﬁﬁeﬂ chha?nged flow

aust |Iuent 204. Exhaust
306 wlaemﬂosrs mm ethmi saapaxfatommoeh@hyd separ 203 08riptitst firdi tegtifier exclianged

ws to first co ne with

flow 34 iy phsepirater SEBRRE SHARS ST RVFIEN T Shiesed.  The
epGhARgSatdr reﬁﬁﬁfs@ﬁﬂﬁﬂf)\bvﬁ fﬂ exrcﬁﬁigef DEY ad proviodl? dbdthiBed.
first rectifier exchan | ow 306 which flows into

Exchanggr 228 s@cpiaﬂmiﬁep@@@r ex uSth?s(btpafﬁm gacond goalpd pxhaust 312

E i

condeSRR KRSt 3 18X MEHIRT coAdbnsbli @¥iaukioB 1@¢h4§lﬁﬂq\€$ i?@ Befrk accumulator 318
previously descri bed. Exchang;er 228 c%g@i t hé{&‘

where deip &l Testinerspmdon exhrwst A7Q arbirgorodifusat 21 Refux

accum%li]ago SRGRIHE 321 4{%?%& SENEM ke %@teh& %CSI‘RP{;] @by 10 ﬂows to

enser econe t hird condensed exhaust
second]' bbrmdnattmm«ersﬁm xhpisthe3iden ﬁ@ﬁ a$ pmus}ytd)squesfeldux

| at ere it is's f

o reatBed Dot st g SroSBLishuidt Raoferi gs st ineg e
rect1ﬁé1£c§<ﬁ5ﬁ§lt 3 DEnEHEARYS] fiGw326S Fﬁ%‘tfbﬁbl&”lo@miff BBh LAIs thY S§skéh 200 for

Second diluent 210 flows to second combi nati on

use orz;ﬁclll’efamr Pictessing. eThrdlrwhﬁeISG]ibm&ﬁﬁ%ﬂo‘Hs ige eondenggryp28 where it is
i scussed.. Secand recti f flow 310 flows into second
0001609%3{6??1}1%& %gfl’\%ﬁ%ﬁf’g ]t? ?’S)pl it intothird rectifier
exhad sénd3adedailalist 330 flowd flohOMwndetser 528 Bito &ngthfdepayatd? 832.
then exits the system 200 for use or further

FourtlpsepewstpsidAg spitsithizd pendepsed sxhaghadfsintosparth seppgatpppgaust 334 and
second gn&jﬁg\f’ %36 ﬁausgép%,géé5r é@a&ggkf i dag(ﬁa&? b & tem 200.

condens condensed ex aust
Secornitleadlotv 336 thamebeitssthe sy3Pdn ROM for fuseiort furlhelgabedswmg?: 3 2

Fourth i 332 split hi d
SHEG g B U b AP Sorousdiatien 1§58 | JECSE AN Bigpessing

4 QUL IhSRRALAE &0, exhaust 334 i s exhaust ed
umtg% &mﬁ%egg st e% 200. Second end flow 336 then exits

t Feesk fwdesmck@l@lﬁsnmomtered rat f‘n:st mmattomg)mastsmilgfor Fgogptahle input

R SRa ISR P CEEEE) 4 AR L8 o B e et

feed s%ﬁﬁb@lls 80 cofibRe wWideAdiflcat 40444 HirdtToffbiiatioh @fkaamé to form
first nonitoring point 402 for acceptable in

combpﬂad dﬂm@ﬁ@dﬁo&@nmbahﬁﬁhd@e}ﬂt-ﬁf@wﬁg (sithecpumpe lzzodﬁlsqnt-feed
200 BBLLD,
charst RS ACHBI AR G OB i peekic<g s R Ty il sdthar

combiafién 48841 form conbi ned dil uent f eed 408. Conbi ned
di luent-feed 408 is then purrEJ %/ | uent - f eed
Hydrogen 420 is input at parameters of 100°F (37. 8°C) 500 psi (3447 kPa), and
40,000 SCE/HR (1133 m’/hr) into hydrogen compressor 422 to make compressed hydrogen

424. The hydrogen compressor 422 compresses the hydrogen 420 to 1500 psi (2896 kPa to

10,342 kPa). The compressed hydrogen 424 flows through second monitoring point 426
where it is monitored for acceptable input parameters. The compressed hydrogen 424 flows

through second monitoring orifice 428 and second valve 430 to second combination area 416.
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charge punp 410 through first nonitoring orifice 412

and first valve 414 to second conbi nation area 416.
wolg@eaessd 420 is i nput at paraneters of 1000F ¢GWU82006/010639

0C), 500 psi (3447 kPa), and 40,000 SCF/ HR (1133

Mshbnitdting diifibedd enfisovavessn ﬁndlf&dtfﬁrwmkmdt@mraed$enkroller

(FFIC)Hﬁgg%gégd ke BR300 e[ A0E ) A eI RRS (e incoming

flow otl chHﬁle{itof'EBﬂ 268 ﬁgséag%g&%nﬁt% drb PN, télﬁﬁfdﬁb second

rronr oring poin ere 1t 1s nonitoréd for
momtoamg eﬁﬁarbMB iseqont] vphneaﬂﬂﬁ; ardsFICH?E ronpmestsd to Ry éylewhlch

424 flows t ro h secon nito orifice 4
controlg Qe EP R RE SO i ERL B siiond BRtoR Afbg 416
Comblgwaﬂlféh’r-ﬁgzd Qb8 fah& Borfiprésseliifydfogé@ UYL art lbmbaivd ot e@dnd
I ndi cat or and controller ( FFI 2 434 are
combimation ersedd 6 o fradeydrogncditusnt-feod miviurest40 Hheymizgye pagagisters

contr [ o
ave aprggnp L s EEREITERD st 27 Lo BT VR HittroledE foprth
monitoMRBipofft 489, Thé hydegdrilusheterddnixairy ¢4613en fﬁomi tEloGgm B2d-
areé connected to FFI C 434 which_controls .the

product pxshanger dhprhsicharerppdhobedio gemdifysnisieed ﬁgx%%{fqa g:?t]&q]use of
the recﬁfi gl%%igct Zéﬁ%' 35 ¢ lgéoélzﬂr#ggﬁggg RSH 488 188 ‘g%e‘?l?%ﬂ@&%ﬁ%anger 444

are co t "second co tion area
works 4ﬂ4§)pt@mfn@fem hys4 vOMBTU/HREAS6 k8O mi xture 440. The

m Xture paranmeters are, appro te 1500 10,,342
B%e%ah@%zsﬂwééé/slmw%‘ﬁﬁ &t éhﬂ’%mﬂt é?’é%rp%rfl §> gther
mfonn'e‘ﬂ?é‘ﬁ Lk 8 dﬁ?%rﬂéter@%%the@;%hmg@f AgRNdi | uent - f eed

m xture 44 en flows through feedproduct exchanger
4T exohanger fawrel6tthen tharatsagtorthel rdagion preheatar 450which is capable

440, by .th
ot g e S £l 4 SMIBR BB 0 8HA 0 B4 e Regfhe o
452, PAKidafedFlovr s RhertoRdd at2i:88 AoMVBITAY pn{ F5Carid\Wy: TIUMBS6
exchanger flow 446 is nonitored at fifth ponitoring

pBuerh gasi4 e fovytrensh thisd galva f6O AndiseuanitorR wrﬁrﬁé‘f%rnélcatm and
contof 0, RERAUBRT L0 Sy TiSAPHAIAEY! gt bRt o

third vaBRasl en@ teniwritirtdntiidstoe xahevngel1ed (TUCH4HS. at

OMMBTU HR (1456 kW to. create e preheat ed
4B@heqbecbﬂ@g[4%a ig q:qmbmgctwptg reﬁyﬁ]etfig 4.3t third com matmn area 466

to fonﬂ?)péhtegt'e LYQ%I f?ﬁ)}r 468. B ﬁeﬁé’d-gécgilqlé@ BowRlis ﬁﬁﬁn&%& at seventh

owWs t ve 46 dis nonitored

momt@ﬁ@}smmeﬂm d]heqirej’reaaddemiﬂdrfhjw ¢68 {sPhed) miad in cﬁeeglupm mixer
t he fuel

f th h 45
T PRI e
separa%}ch%oﬁ'gk Qbdofr 11 s@?aﬁﬁ)@ 478089 8AhR6kefs TB023D.ix510°07S/S (1.52m

nmbined wth rec e flow 464 at third conbi nation
x 3.05ar)ea 466 to form preheat ed- recycl e flow 468

nﬁﬁ%ﬁ%ﬁyﬂar ec%%% 33%3 1 %&?ﬂa ?Eeg) d%l t§ %xg%geactor

inlet sbﬁarﬁth?ﬁraﬂb ?%s 4ng Eﬁ‘@ﬁﬂét@@p’aﬁh@d mixtare 4802 R@cfo@ lirm:t separator waste
-recycle mxture 474. Feed-recycle m xture
gases 1471& ﬂoW| feng therreacterintet separaipied 76 through third rnomtonng onﬂce 482
which is connected to FI 484. The reactor inlet separator waste gases 478 then travel through
fourth valve 486, past eighth monitoring point 488 and are then flared or otherwise removed
from the present system 400.
Liquid indicator and controller (LIC) 490 is connected to both fourth valve 486 and

reactor inlet separator 476.
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separator 476. The reactor inlet separator 476 has
paraneters of 60" LD. x 1000'S/S ( 1.52m x 3.05m.
woe@dA0meycl e mi xture 474 is separated in reacPOr/UsIM&010639
separator 476 to formreactor inlet separator waste
Gilseseparafedantitire 480 floapautdPtle Pdaston irdet4Bfaratle 46 with
i nl et separator wast eH?)ases 478 fl ;z{%@a; .react or d
parameiqyp 8f amoé@afraieéy 59978 (8 &)gﬂdﬂﬁ@%ﬁl §hish §tp gppnitore
atnmﬂldfﬁ%nw ggynected to FI 484. The reactor inlet

vvaste gases 478 then travel through fourth
\Iﬁ]eVﬂBpéﬁlﬁ:d piastrediq i tonmrinéd with ngalysi 52 in8sictar$04te form

TN T RS T S ——

point 518 f&%es&,hﬁg chb@rdOtihe k&ustddmkalry 806184 @@ﬁnét@ﬁ&if@OS“F (232°C)
inlet separator 476. Met separated m xture 480 fl ows

and 146®1ps1c§995t7HeP9f) @aditftaws intogeacienntigt tpats St h par aneters
(30 4
S RRLFSTESS) 1 SR05L A0 RO AR A Mt e

separatoP Qrastk s 532pad atiet soparhited enididif: 31%5. Rouubion eutleti sbﬂmrator waste

catal yst 502 in reactor 504 to formreacte
gases Hddlovtba B TGRSO eﬂﬁet%nar?@r Aot Eh quesyt OTE(LE‘ 51,38, The

reactm_a[c{j%ltef egct e nvb&s?er Ql' tﬂ%} n Radh] E)ert e%%ﬁ%%nﬁ%%ﬁﬁﬂ? 520 and

mxt as paraneters of
through ZFR0GE)veeizd ahd 5 khsn ﬂ@&%ﬂ‘ okfeayisa semavefl|fmoms therpresent system
reactor outlet separator 512. Reacted m xture 506 is
400. separated in reactor outlet separator 512 to form

IBRC o0t € epRRRG ADAS c¥RRERA (RS8R T oNAL N2 A UThieactor
separated m xture 516. Reactor outlet separator waste

outlet q@w@rma hiab pevafetems oﬁ@”d@m HY-QBu/P €t sglgpga?, 85m). 512
=y
@B‘i‘# g?@f%gp beaélé)f f?qovi Qﬁ)zﬁeaﬂog 1t agatr%f g tge%}]l?i]ls split into

both ré¥QBle oW Mg & dUntibdidg aﬁdettsbpeﬁax@m nﬁxﬁltmsmt\fﬁst&gﬁt aaai 528
are then flared or otherw se renoved fromthe pre

sBeavele oo 464 unned tyouglyracyele pupar 8@ andpast 'F"%elfth momtonng
point 33318 ?&Lﬁtﬁ%&?ﬁ&fﬁ%&ﬂ&%@ﬂ‘M@o&&&?{%&ﬁﬁé : O,4ggkbge§ted to FIC

Sépar a araneters o
536 wKn]:h eonmededEnYIC ﬂl& IHC $8épanadbdixth xilue 63& 141kt ihasecycle flow

BT G T NEE TN S
to thlrﬁnb?)%ﬂﬁﬁmggﬁﬁét%g ihafe if E’(%Ihﬁln@é' ®ih g%%eatg@ iy 452fds ?)Y‘éxﬂ&fkly

rough recycle punps 530 and past twelft
dlscussmhl toring point 532 to fourth nonitoring orifice 534

urth noni t or.i |ce to,.Fl C.536
B PR R REES 16 o6 BaapFEs SEeE oy SrEoAents
valve Y& \\J(/ﬁlcﬁ:@eorﬁfotll%ﬁ by ngCrseay @u‘ﬁeif depivatb@mikary §36 fHeH flofvs past
monitoring orifice 534, the fl ow 464 flows through

thirteenfhxmhnijeringep S 4arie eﬂlvenbhftatﬂrﬁé%onbl nation area 466
é‘@g{}ﬂ&ﬁgg&%ﬁbmlxgne %é ﬁ]leg '%r%b&ﬂn%‘ tﬁe R fledSr 544 which is capable

of heating the outlet separated mixture 526 at 3.0 MMBTU/HR (879 kW) to create the heated
effluent flow 546. The heated effluent flow 546 is monitored by TIC 548 and at fourteenth

monitoring point 550. Fuel gas 552 flows through eighth valve 554 and is monitored by PIC
556 to supply the fuel for the effluent heater 544. PIC 556 is connected to eighth valve 554
and TIC 548.

Heated effluent flow 546 flows from fourteenth monitoring point 550 into rectifier
552. Rectifier 552 is connected to LIC 554. Steam 556 flows into rectifier 552 through
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di scussed. Qutlet separated m xture 526 | eaves first

split area 528 and fl ows through seventh val ve 540
wovi06h03534 control l ed by LIC 524. Qutl et separ aP@mus2006/010639

m xture 526 then flows past thirteenth nonitoring

twentidi® hidhitdbdZe peine$ 9. IRettuhERieay fid# 460 &b Fletvs sistp acaifre 552.

Jxture 526 then travels into the effl Ygg eater 544
Rectfigi) b 9-GRIET B 07 Wock SHOU LSS b Tok 16t el

RGP 367 Bofs MEF b et 312 p oo SIBETRG pand st
fifteenthsmondtuiringrpedht kSﬁ6TIR@ci5ﬂﬁ chalnelntéléZ ft]nnmrﬂmﬂlroughrrec{tdierr ngerhead

0.. .Fuel fl o vaI ve 554
condefig phss ReHfiEbs Ea) Brecnssotp g ann T HEC s i e peifier
diluen® le tH §6¥im B&GRfcBedMhentd 78, mtlfl& dVeRae b&lichSer 68 Mbdparameters

val ve 554 and TIC 548. Heated effluent flow 546 fl ows

of 5. SGWTU&Rém%nl toring point 550 into rectifier

2 Re t f ier e
e s e R
reflux @@Uuﬁiuléi&%%ﬂ@tslﬁafhnﬂdtérb en42'f1 oV $600°88/Sq1 07 a1s 31061, Rectlﬁer
rectifier 552. Rectifier 552 has paraneters of 42"
reflux geopmpulager T79s mongeraddyIElCAER) Repgitien flik agrumpdetor %@zsphts the

condelias%%&%%e%?%zlfﬁl%t{n %E%Eﬂrc%ﬁns‘r’éx%n{)&r%gm%' % gs?reéﬂr%-@l fnPlthent

eenth nonitoring point ctifier
suemmﬁQOuent 562 then floms through rectifier overhead

RGP B B Ao SO R LR AGr T OR AT BRbseL MRty 578

outof%rgggﬁlemodl | uent 572. Rectifier overhead condenser
has parameters of 5.56 MVBTU HR (1629 kW .
o’a‘aﬂﬁwgmds&ﬂh flaveneut B 2ectifiienreflug wecunntlaor &4, |pﬁ$t@rgtﬁ@mmx

momt%éar%t@g %r?d?tﬁg)ugﬁ b IS?S to gf hy tggé:e%iucg];lﬁ]gt)ﬁrfa 8h Ef’?lmped

diluenfR8fdatnf 308ris tigdnl spkit S SMBNRLOS arirenirs ditait ﬂawesisokw sédofid split
592. Rectifier reflux accunmulator 574 spli

area 6QGb ngdwrné &Ofér iflowes frons yerone ﬁl@ilttarﬁaé@()srhrfé&héemh WaiVﬁ 69?— pag Hird
momt(?r{ %Ep %?&94 th ?10\% {ﬁ"d Pﬁnrﬁtrﬁrﬁﬁfé’)r(lgggom% f;ll‘St

out rec |er Cunu
combibattbnaineh mhéfe Hi domblﬁgsamdufreshf fetcheosky 4 leas pﬂreﬂou@discussed

stream 580 flows out of rectifier ref]lux accunmul a
shetunpdilsent g 08 Ao sHEm serond g G eR ®9aast BHgiee raldnarrwﬂng

point A d1&nB 1Py G@%eﬁlﬂh{o%&iﬁe?tsﬁﬁ a8 VAWIRRR is connected

|I’uent stream 598 I1s then split into diluent 404 and
to TIG®4urn diluent flow 560 at second split area 600.

t, 404 f
oL a7 b9 Bl B S35 BB ot
612 aﬂa lhrbeé&*chﬁ%r whep ﬂ‘ohﬁ\&cﬁdhgéa ttifieh prodhdt @i N ExBRingkd B bfied

first conmbination area 406 where it conbines with
productrﬁelé thdnefdewspast kventy-sepongd mopitening poigt sl ansidbirough product pump

616. Exchanged rectified product 614 flows from pump 616 through fifth monitoring orifice
618. Sixth monitoring orifice 618 is connected to FI 620. Exchanged rectified product then
flows from sixth monitoring orifice 618 to twelfth valve 622. Twelfth valve 622 is connected
to LIC 554. Exchanged rectified product 614 then flows from twelfth valve 622 through
twenty-third monitoring point 624 and into product cooler 626 where it is cooled to form
final product 632, Product cooler 626 uses CWS/R 628. Product cooler has parameters of
0.640 MMBTU/HR (187.5 kW). Final product 632 flows out of cooler 626, past twenty-
fourth monitoring point 630 and out of the system 400.
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Return diluent flow 560 flows from second split area

600, past nineteenth nonitoring point 606, through
web@eamsbs val ve 608 and into rectifier 552. El reBDO81006/010639

val ve 608 is connected to TIC 564. Rectified product

610, § kleowes Dsthemiatic peickds fyw Blagranpfest rﬁuﬂﬁsthgae liydrstreater

nmonitoring point 612 and_into exch A}Woform
generaldy depigngtsd 1ydBe prmet! FP@qfiead 4943 ccya‘aﬁ%wa drogen i/ bgyand first
recyclegsg@gwéfg& ghﬁﬁ 16 ke po?,ggheé fe@@%aégapf&yae @{rEaﬁﬁ HB§. The

roug uct pu Exchanged

combirred dedd-hyghio gemergoydle ﬁtehrri T2W8ows mho ﬁr,sm:ﬁaatps T2hwbexght is reacted to
o 5k B BB 50 S

recyclaoitﬁghhoﬂ 4tng 'ﬁrit' OWEntihe fRasior oW IO a‘t Qfela 17192 OFirkt dotifidi@g reactor
|fth valve 622. Twel fth valve 622 is connected

flow 74(bﬂmvcu% stnp@cmr}@Me plsipperrwaste gased(fd sugh as Hpd,NHs, ¢ind H20
fromt val through twenty-third nonitoring
arererrboveﬁlto% ;1 e% gvzgogduct cool er 626 where it is

itpgsdl ficw 760 m tﬁbmadmmhécﬁiw@h a8 onAhgdtoptn G6D hed s€edhd recycle
uses CW5/ R 628. Product, cool er, has parangters of 0. 40
stream s TAIR 75 € &7 fosmyaambinsdrshipnsddydeagen secyelesiiear 46 0p e

comblﬁe(aoslh%ép ﬁlgfdm%%ﬁ trect;ﬁ%e@t%%%uf@thd%ﬁhfo%tﬁﬂ&m?ﬂe%toﬁ%ﬁ Whde it is

tem shows a schemati c process
reacted fodferml |sen@né medctr oatp Iﬂbwsz.%)g & hk setront] resatarroutpen dloal 170 is

th 700. F 0 d
lelde%?S' g"’h% g}b@%"‘ ?ﬁ‘gn E?}n‘g’% estreamd, é§ 3}%8 p@%@%%mear ea
. 6Qhb0E FsARERIREE: 4 88Ha NYHTEAER-syREMC h&leiélfye&e@l ghdRd by the

e conbi ned feed-hydrogen-recycle Stream 72
numeralr&()@ wherstherquantityrof Tiguidwh rerengtor is cm@tmiteéd:yttbe iEtYﬁth?f the liquid

in the @a{tﬁ%tﬁrp&ofﬁoé§ 1,‘{55% Iﬂ\gwg\évlgo sstfsgﬁt?%r%a} ﬁ)tthr %%51 forst orifice 804.

RecycRH h&REB ;ﬂrédlfw d5é Fb&t 1196 Rédont iofificé 8 AT thfa |cemibﬁ14aﬁ rédycled
area 73 First continuing reactor flow.740 flows intaq

reacted podpgieand feed, Bhdreaits first ppldrareelOdhigugle thirdsorifigedPSa Sombined

recycI%?ctwﬁoggggmﬁ%%moﬁlgwgg rr]ﬁlg% 0%13}11%11 ?ﬁ&%l&%ﬁ\ﬂle’c 824

where &Cid combinad whithdrydgesen 832, whidh Sﬁiefsndmbemﬂhﬁo@rsemndiﬁld(er inlet

in area 756 to form conbi nﬁd strlp ed-h dro en reégg
828. Therquantity o hydieger 8ibisrontraisd @&t Pe Kpeyeed reacted

produ&}fée%ﬂgl %% nfgh9%Rits Bifer®2h %ﬁ@ﬁ%lpﬂu{e? 86iQ r82§ @ﬂd ‘HBWS e?ntb t1reactor

to formsecond reactor output flow 770
840 thesmughmehctarantcnd420 LIhﬁldB rdalctow8Zq,aedysledi reaccﬂ@tipmdu(atfe@d/lmlzcgen

to f L 7 t t put
522 1Ry R B B SO0 YERBARERTS BF TAV UGN r eact or
produ@tbf@écﬂf?dr&é‘éﬁ%’?@'rkéétsd ﬁ?ﬂl@@@ﬂ gh A IHgheel MR Gdar a‘éébe B85, may

the quantity of e reactor i's cont | ed by
come oWt lselntipn afid @d@gmlunlam pigthe tpprafaecactriBr Gaﬁl?Se%ﬁ @r@ ggnoved from

rea°t°¥ ‘Rg‘!lf’r%’rgﬁfr%c %é%yf:[?‘ re‘l’a‘%:']{ug% g% gé %%‘{% 1%’%9 Phigm

reactol 84PthBABANRKEfiRE IghY @@co‘%l%uamsy vhe vapetsyoed recycl ed
reacted product and feed, 812, exjits f| rst SB|It ar ea

gThe teﬁﬁlcﬂf@hﬁ Hanid decyelefl ireastagiqmodusy/figsdAwdrogen 822 is monitored at
level controller 850 which is above catalyst bed 860. If the level of liquid recycled reacted

product/feed/hydrogen 822 rises above the desired liquid level, level controller 850 will
signal to hydrogen valve 830 to increase the amount of hydrogen to mixer 820. If the level of
liquid recycled reacted product/feed/hydrogen 822 drops below the desired liquid level, level
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recycl ed reacted product and feed 812 then enters
m xer 820 through first mxer inlet 824 where it is
wa@eovbitmsa4 Wi t h hydr ogen 832, which enters m xePCBRS2006/010639

t hrough second mi xer inlet 828. The quantity of

controllty §50 94N si332l tb hrydatii ohlved3®io degrbacgdn aumutofBMrogen into
Recycl ed reacted product/feed/ hydrogen 822 exits m xer

mixer 889" t hr ough mi xer outlet 826 and flows into reactor
ok fig %4%%% L Ract P%@(? N bR bR E R4S, RedéfHliquid 846
recyc react e pro uct ydrogen 822 f

flows ihforsecuyid spit ardey 940 ﬂewﬁﬂbumh enﬁcev 94% ‘&hﬁzrb gt is AglltrlgW&VlOéﬂ)WS

ey A s B o260 .923,1 eL oOE28E0.250

recycle?l%é&éd;&oéﬁhq 936 HHIGH 418 sé&onﬁ@ﬁhtt 282 240 thﬁﬂfgh@[xtﬁéﬁﬁce 946.

Gases 845 are renoved fromreactor 840 through reactor
Recyclod rdapied pgarinct SHeis pamped thrapghoreeyrde pamp 260 hefote migygwith fresh

rea r through orifice 847 is controlled by
feedg(i/e rSt §aigﬁpThe | evel of the liquid recycled

raact @Iiioxm fedieiratie gt/ hdoivofen r&%ﬂ)rlsystamn'nge&@ designated by the
| evel controller 850 which_ is aboye cat ﬁ X%t bed 860.
numerglfl D) whees the quantity giligrid @%:%Fea&tqré%%qné@ y the pressure of the

gases 1? Etﬁedfégétfv eve%h B 08341 ssiﬁt% fﬁptc%ﬁt LRe léﬁ‘ﬁﬂfr&%h first orifice

evel contr er 85 si gnal
1004. deycxb@hma«/cadi p®d830L 1156 ﬂawsrmmssecd:dde)rﬂ”m 4A06 afid ﬁgedzooﬂjmwd

recyel GG TgAREE PioaBt ) dredo Ch 8 35t i e PE Hordh i SrEce 100

Comblhécgi%'c?clls@ Yeéakied pRyRICE AR feed I 612 Baf eﬂ?eﬂs'mlﬁblgmo thfbugh first mixer
hydrogen val ve 830 to decrease the amount of éor ogen

inlet 1024 where s c@@bincfeaththydrageqd 032 srgclesiters mléarcl thepggh

T

1030. Né@ij'cﬂed teattsd pRidubt/febd/BydroBed 1 G2A%exits plikdr IIOQa(tliledgh mixer outlet
product 952, which exits second SBHt area 940 throu h

1026 wﬂﬂpwsemmfrpaféorsw@ thyaush wagier wéetl84et Bgds e 0dggredycled
reactecy\‘?xj ct%%cf/%yﬁ%eglnlg)lﬁ gio'vJs tﬁlroﬁgh ga?kglg%ﬂ{e‘aéggo %J}fé}ehlt reaats As

reacte
recycléd‘lﬁe@(hi‘gdlpfoeluyttﬂeed/hydrpgaﬁmme‘émg hpilvogerggas anld lfghESIid hykzokarbon

02 at first split area 10. G 7 sho C
sases, {55, MAyARRS PO FUMGTD G P@fﬂa‘ﬁ‘gaéﬁ%% 1910 repgly Bﬁgﬁ offises 1045
are rexﬁ ddHforf? %fo@lloi@ﬁﬁ)oﬂgﬁ Gegctbifftdaniy t Yhotatd ht%‘hleh loBses 1045

e reactor 1s controlled by the pressure of the gases
are remowdilfmm eactom f 040:t}ee¢gllf<nf€¢eslﬂ)é% ks cfb@tmlléd oywerityalyeflio7 et

s lit area r,ou fice 1004. R
PeSP s DRreres P ErT s B0 bt Rardar Bhvebet oo Re
monl’c&i'@&i att P8ssaRIRInA8 e RBYGIIREh s2B6VEhtAyAddE I 06MdIffiRephessure of
2, exits first split area 1010 through third

gases b(ManlS@e ahoeghe desitsil gatipicasye Peagsyre gonteellopd BeRiwill siggal to

feed, 1 n.enters r Stre [
R T O T
gases YU5Cdio @6\3 tid detred RApredsucy gressaee ondrotiex €050 wilksignal to
1028. guant ity of hydro n 1032 is con% al | ed by

hydrogﬁ}ldfﬁb\@eww p increpe3 the aaupt plydregeatipty mixer
pk@&ve% o&&g&g%x@ £Q0868.c 2R @R ot or 4024 1094 OREGhkted

m Xxer
product 1046 flows into second split area 1140 through fourth orifice 1142 where it is split

into two flows, split reacted product 1152, which exits second split area 1140 through fifth
orifice 1144, and recycled reacted product 1156 which exits second split area 1140 through
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1026 and flows into reactor 1040 through reactor inlet
1042. Inside reactor 1040, recycled reacted
w@ewduaexssf eed/ hydrogen 1022 fl ows through cat abgEUSIEE010639
1060 where it reacts. As recycled reacted
sixth o@ﬁmucmsz fRee g1y ebao@aprddidl] T56ds bempbl/iraghiegarse puih 1160

ght end hé rocarbon gases, 1045, nmay cone out of
before@gpggw&lgfgﬁ %@clﬂ%l%ﬁ@téﬁlﬂtaﬁ@ ]toée of reactor 1040.

FEES %nfaﬁg?#eaﬂ%rm e%@t%l’ @\ﬁtﬁ L, #Qn&}aﬁg H%%at%clr bey the

react or or| e ra gase
numeral éﬁm/whexferthﬂqummy of lidiadi th thi r@ugm isoranfrioled bﬁth?e lewel of the

. ..controlled.b ent  val 070, The ssur exce
iquid 55 EeRT bt oG ctoh % bt Bt JuBaEed ByRin g i
orifice TR0Y. tRESA 1eatremesa3;%a@tq9m 116¥% Bfto 362004 BATIEH12G6 AlaaKe

catal yst bed 10 the pressure of gases 1045 rises

combingd gy clelacarsed predugiand fred J212.cexitp fles spliteresohd L0ghtough third
orifice #%(%) d%mlb]tn%% ?Qc%lc El?eacye%rpgg Xéﬁ?{i %g% 359 ff‘%hteﬁ ﬁ%%srr%&%? 1220

e anoun rogen t e pressure

througloﬁrsg afes 1111@1452211r\013@‘e b eovnbined d&ﬁlh@f&ﬂ)ggﬁls 2m &aftH enters mixer
essure controller 1050 will Enal to rogen val ve

1220 tht@lah &eeomqqep@aé@e& H28arkbe ﬂtlanmy Alydsegsn h 2ds pentealled by
hydrogi ¢Rve @?&t Egﬁg&ﬂé’& p a7 a{(}gct?g%%gZ%é %?’193 HlVeP Y930

react or out ows I nto
througls mixandutipd 112126and aﬂoiwilséiﬁ)totrberomrgﬁzlt) throogh mac:tbr méet 1242 Inside

reactor\plﬁgé,dgi: r!flzrfagtﬁﬁ)@lﬁlﬁtg e't?agﬁ%%%o 232 FHOtWSJ éfa’rﬁlyst bed 1260

where 'Féa‘é‘eég g ﬂeéydle&féaéﬂe& srohaéﬁlfee&wdrb g&mﬁ%é g&%gen gas and

product 115 exits second split area
light endirysinertaghont gaS@ﬂr, |1.’r2%enamwme % of sdlaidon @@caceutnp}atﬂjmhe top of

reacton o2, e Gy FH0Y R M S T ERrpBleg TR Toe

rate at WRRWEaesSIOAE HBS tetndved fidth téRcthl DOt %@ brifi¥s 1 247 i 1s controlled by
. 8Zenerally desi gnat ed by the nuneral 00 where the
veEmv

R70ty of liquid in the reactor is controlled by the

1’13%3}: ki o&éﬂgﬁ}#uoaq#é: chl J‘geéﬁﬁe 5%?@%%3@%&? oug%%fll r s?’ k{tored at

level catidliet €2 3PRHich RestywicedtatygaisddeiR6pr afihe levEBSOliduidveytled ecacted
e 1206 and_the co

produchfislheiossn | £ Lo s Abore BROEsrad SHd ISprl oo @Rtrg e 290 will
signal for}faﬁl‘@[%ntvlal 290 kd hﬁ?ea;tﬁ@ig amgﬁfﬁbdf']ﬁ@.rdg?ﬁ Y& heekr 19861 ﬁQhe level

feed 1212 then enter 1220 t hroug
of hqui‘dl recytclath reasted plogductiRedhydregan 1222idsopsdretiwm the dmsxlrehi 11qu1d level,

e SSRE P Sl S SRS 1 A28 R4 H5 M rogen

into m&eni1ol | ed by hydr ogen val ve 1230. Recycl ed react ed
product/feed/ hydrogen 1222 exits m xer 1220 through
Reaeted praduet 1246pexitamencidrdi40 thieeghrreaatorquttep 41244 rﬂm@ﬁ

o E26 B B B B0 IORI IR b A e i

into two oM sy sglithediciZa0dwens?, lvihlﬂﬁ@ﬁts%ecoﬁa spEECated €340 Besiighdifth
product/f eed/ hydr ogen 1222 reacts, hy drogen gas and
onﬁcellﬁ@%tané ﬁ%%iﬁérre@&@cg@ﬁ dyrid 450 Wh@h@xﬂﬁwoe Alitdigea x40 through

s L1400 RGBS 8 085500 001 A 47
before higing avithofréshi feed 12007at fitsteplit area 1210

FIG. 9 shows a schematic for an up flow reactor system, generally designated by the
numeral 1400 where the quantity of liquid in the reactor is controlled by the pressure of the

gases in the reactor. Fresh feed stock 1402 flows into first split area 1410 through first orifice
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rate at which gases 1245 are renoved fromreactor 1240

through orifice 1247 is controlled by vent valve 1270.
wab@ocheasal of the liquid recycled reacted PCT/US2006/010639

product/feed/ hydrogen 1222 is nonitored at |evel

1404, Re®ycled regvted goduatissh flosvs alliit@\éeco@ldtoﬁlﬁ'ys 1 40%ahdliA6 Gombined
the level of liquid recycled reacte

recyclogrowAck PR AR Bredlg bH 21 DB RSB0t MBiY1Q Heonabishird arifice 1405,
Combih%/cg#:c léc?l\ég{;ted ngélzcglgc SRNELP Ml%rthér?ﬁger\%ﬁlkeﬂ peﬁﬁr ggl'é ﬁrst mixer

en va to increase t anount o
inlet 1424 wiereit i 2&0binkd mﬂhdlyidmgeh 1432, mihgeh ehtere u;axdalekm()ehwugd

secondf G e A0 NI AR AR 325 b GPEIrfen vanve
1430. RSV RIERaMtEd g&d&&medxﬁy&egémg kliemaruabo afrohitihage Butlet

I nt'o m xer Reacted product 1246 exits reactor

1426 an@ flows mt@ m@qtqrelééo tdhrough teactorliples 144% dlsidd reactaddd0, reawled
reactecgﬁ;ro}ﬁrsc&) 5&10621 A4 438 tdowg%%rgpgl%gﬁgﬁt% 8%%?? ]:N%%{e 1? relactts As

recycld‘dQ@Edt&ﬂpﬂ@ﬂ@éi!fééd/ﬂ-}?cﬁagen\/\ng hesg, h§drs gaogd asp |11Ight @’fd&@/drocarbon
1340 through fifth orifice 1344, and recgcled reac
gases, 45 ey conBEURRT saiution and asewnwatesh the:top PEEeagten 4440, ' Gises 1445

e 045 R A4y PREXOUEY, 0L PERYER:
are remvdvicth flfolne&iaﬁfoe éMQﬂ?ﬂlﬁtoﬂﬁce 44450l dohtra]ﬂc&bbﬁ\?elﬁ valFk G47®@
emat or an r st
ﬂ%ﬁsqaspfﬁcefgpéﬁ ilefer@gsef o R oaon Gied Mheare
monitdPR PrEbu@lcohtraiidid 450 vitligh & G8&FXatdlyst 68N 146V, | E%J’Meéshfe of

pressure of the gases in the reactor. Fresh feed 'stock
gases 1440 2ist4 aheyeitig deslred gas prpssute, aressurd ddigraller dd4hwill sigeal to

ifj 4. R l.ed dyct .1556 fl i_nt
hydro@BBla T470 13 AP EHOR R TR DEBRALD T R T e gt of
gases 1H48Q6Hs RIS fiRedbsirddt dad, f)r@s?é flebsusd cablollbr BAFBAvilKighal to
through third orifice 1408 nmbi ned recycled react ed

hydrogsnaalyetl 420 tp nseagsa the2mayaholdmdeagsn itr arixaubg0t hr ough

fkéﬁ ﬁe)((ﬁfécg ;Eéllé\e;\%xﬁ's@ga%t G tﬂrc f%%ﬁ?{)l#?eg 1 hReact

chenters mx TOU secon

produd¥i1 446 ﬂb*w‘s ﬁito iéb%ﬁd sptearep B30I thavugh fduythr crifese 1543 Fvhege it is split
controll ed ydrogen valve 1430. Rec ail ed reacted
into twer RV 6P ftéew?ﬂ/mp a%ﬂ S 5ahieh it Seponk spiikiga | At thgepsh fifth

orifice 548 and ke ietd]r%iﬁ%@ﬂ%dﬁct W56 i Jxﬁ% &'hdjsé %J‘%ﬁb&ﬂrough

réactor | e nsi e reactor
sixth drﬁ‘metléds PR eyateid/reetet] Iisry)ducm démo Ib@&p‘ekicbhwuglhrawg}h pump 1560

cat eac As recycl ed reacted
beforeﬁ?’é g@%%ﬁ@?@% ﬁtﬁ’h 2T ‘210 hydr ogen gas and

| Fghty O%H@Wm( dERGAH R IB: HASES ok 448-redBRt s8R, éﬁerﬂ%/ designated

sol ution and accunul ate at the top of réactor 144

by the Gasesal 130G whers theqmay of liqnid oxibe seactpg docanmobed hy the level of

e i R FRo 58 soTh o2 gt R g R o
orificeCBOl! Rebﬁﬂecbﬁéaé‘t@@ brodabyB55410%s ifeeefdrRisgifi 1806 ane ers
hydr ogen and |ight end hydrocarbon gases, 1445, are

combineshieeytledireaeted pes@m @%f@m FOI2 e¥1t81fh§tﬁp}aﬁ AreR 1840 Heueh third
onﬁcecf?gtOg. t‘%&nb%%% r%é"}ﬁc?ed rle];ct&li] groﬂ{ﬁsaiﬂ §d0812 then enters first mixer 1820

through first mixer inlet 1824 where it is combined with hydrogen 1832, which enters first
mixer 1820 through second mixer inlet 1828. The quantity of hydrogen 1832 is controlled by
first hydrogen valve 1830. Recycled reacted product/feed/hydrogen 1822 exits first mixer
1820 through first mixer outlet 1826 and flows into first reactor 1840 through first reactor
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gases 1445 ri ses above the desired gas pressure,
pressure controller 1450 will signal to hydrogen val ve
wadde/10334decr ease the anmount of hydrogen to ni ReT/US20B&010639
If the pressure of gases 1445 drops bel ow the desired
inlet 1&;@5 Idi@s fitst esacr €840 recyeledireaetddeyrodwbbiceditykirsgieg 182 flows

through s ALY} DOELIRG0 YRR SePor R TTCIAAGasd Prodheibraghytrosen
1822 r%%%oﬁ}s%ﬁg@gt ¥ R eﬁgaé &la 1%@%‘%@32& a‘?ﬁo qutg4§4ﬁ§y

nt o secon area
come oot bf sodwticibatid amanelatetat itlee toplof first retaotot \h&40 I Exm ca@blst bed gases

react ed, pro its secon
1845 aigg agorrd B iiet reraion 4 niough St ek SRR b BCRuse
which Bfs@ gaelystiiRiatavdyi 1845 @xd fefnoves QB8 518l dchotds esn0ltaAfigh first reactor
t hrough sixth orifice 1546. Recycled reacted product

orifice 1845 is confyaligstley first venjtyalvedgéd.e punp 1560 before mixing

SIS G 4R Pl o g0 R

first legginentpdlley 196G ivbivatiedbde firbiecamiliysebed 1360Af mele&ltolﬁ hquld
ty of liquid in the reactor is con

|l.ed b
recyclq%er\f;@te%PrOfiwé/fP?%lwdaogqﬁl 1422 riseoe thekgdr hewid Tt i;éizst level

conrol 1855 e A 8 AL BB S en
first msec 820. dif ltlfe: leecl b8 liGuidnecytched reanidsi preduatHesddyelio gendGR2 drops

below Fleined Saiia LEP oredae somrolet Lttt & Bt Piditeenatve

1830t@ﬂ%é&%t@“ﬁn&tﬁﬁ@fﬂ%@géﬂ%& ﬁx@iﬁb&rfwl@t m xer 1820
through first mxer inlet 1824 where it is conbined

vﬁlrsh cighypidepdPrad®P 1 846hexdts fsitrezotorf1i84Q threiglefirst ggtor outlet

1544, 5 BN EER00E: 1 Ehe MEFlud F50pe PlFer R bbb guiver e

1884, ¥Ba0 it iRe6blned wigdasideskearigdy a&ﬁdhe@@b!rb yetoad aiixdr8B20 through
exits first mxer 1820 through first mxer outlet 1826

fourth aﬁ&erfim@@éS%ntT&lequa@féWrOé aydigeen B3 is spwiirdledfayrsggond hydrogen
c r
valve L e o P o b SR St i 1SR HEL G
secondaixat ystiet ﬂ6816 ﬁ.ﬁﬁﬂowﬂ ane s¢cond ezactos 1 9@(‘5th|t®[g]{1(}ieemhd reactbeitlet
roduct/feed/ h ogen 182 cts t ca t bed
1902. fisie e mactah B RE G cargsHyaTs ‘m{bﬁ gaseLiBons Hrough
seconcf@aYal Bed 9930 fol(ﬂ%cﬂ 1¢héto nA@@i@st@% o@tlct/th Hero %&Pl@éz reacts,
first reactor 1840. First catalyst be gases” 1845 are

second etayss bed hpdnogén gis mdd@bwndJMOOQathommhesth\Oé tmayecomeout of

i fi 1 t st .bed

soutiof anflaS Gtk zs hedol SE PR RReRT LI0d Secbl Sty gy o05

are rerﬁweatfran@ 36088 r&cioch 1960 #BGeh cHRINEERb] Geiday1 JoT! Tthe YABhL
val ve 1870. The level of the liquid recycled reacted

which gecoeid @@f/&b@bbﬂdrgﬁ@mb%}s an@EEmaved o acsprditoastor 19@Q trenghisecond
reactorl%%%c ol]9|]$ﬁ 8,60 E;Eroll\’\@ \38 fge(%o,%ql'“ \Q%l\re fg%b cat al yst bed

recycled reacted

DTlmjlldOél/d‘f giedfiRychitglgamed @2021%1/18}&130 @QQ\SSZ ﬁshﬁodﬁ@ﬂed @tlsecond level
uid level, first |level controller 18

|
Contmﬂ%fqlfﬂ1P§Yh1?i}/¥§r38@‘é?153&8114/ gatalysicbertd 92%&%%%1@/@% fHﬁﬁﬁﬁgﬁb?%Ped
produé}%g&x%%gﬁl 188 1f1éers Elde %%QWLJ 13@&65408?{(%%5@‘ contrBHLA 910 will

ycled reacte pro uct rogen drops
signal to second hydrogen valve 1890 to increase the amount of hydrogen to second mixer

1880. Ifthe level of first catalyst bed product/hydrogen 1882 drops below the desired liquid
level, second level controller 1910 will signal to second hydrogen valve 1890 to decrease the

amount of hydrogen into second mixer 1880.
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bel ow the desired liquid level, first |level controller
1850 will signal to first hydrogen valve 1830 to

walewraeses t he anount of hydrogen into first nmReT/USBBE010639
First catal yst bed product 1846 exits first reactor

R&é&edl produetl Fo6rexits sezand teactor | Y@ thididh sedondstactat aitles1904.
product 1846 flows into secon%gom

1880Q.th
Reacte@ quactrﬂ. P floyeigio seeeu sphipaes 1940 huoteh fiaarifis 104 here it
is split p‘ggr t s xgb?’% i;ﬁ&bféh gd&s.l@f F95§e&lﬁﬁﬂte?1tt§(Eécgﬂ(ﬁ%%nta?éaol%b through

The’ quan rogen
fifth orife d 844, ramidIreciched reataiwtotyad 1 65@whichlexds d800d slﬂntmcta 1940

trongh G55 o ies GO BEOHIF (RoLar BoRPaIOT8 B amRr i hGiken Py e pump

1960 beRFOAiALHah Tresh 9 11802 atgRt Rk aRd 18¢act or inlet 1902.
I nsi de second reactor 1900, first catal yst bed

G dLishorwscy sshematia®p afdosmslav Fetracion siptrm.ceenatally designated

T T —

of the dhiyélyiagRdregadr.aPidsh fegbktoek d0odRy Hows Bitd st gﬂﬁ%ealﬁﬂlﬁ) thyigh first
cone out of solution and accunul ate at the t

f
orifice 384 neqyeled reacteroducte dhHowaine second eaﬁg%%&g? angghe
combn%ﬁ‘?e t_y}g:ﬁ‘a\fggcft }21’3?13% %H&]%h (9R§5 gﬁltsli%%ﬁsﬁhﬂ E%g%?rl]g %8@&1 third

reactor orl e rate at
orifice 2ah&| §embined rgysied rdR04 pmodict embiced 20t Dthes enerdfirst mixer 2020

through SR T erdblehg LeRBa I REM YRS B aBLoePm DT TNl s
mixer iOsttBro‘ﬁgﬁ 3bal nhge: 1ch@g(958t IThé Q{)u‘dﬂ@@ oF8$drolsn PO fs‘cf)ﬁtgolled by

second |l evel controller 1910 which is above second
first hymnwewe [2630.182¢ycladfreadied produedt/fedd/yidregen4Paleys fitsehixer

t/h dro ses.abqv r,ed | 'd
2020 oG L IS SORR A8 2 PBHR 15 A e 0% i ugt ft Feactor
inlet 203@0 GREAD T RGBT ol @echBRA réARtdd1abeaEedd/EdasERUP02D Flows
rogen to second m xer 1880. If the level of first

througl B yisbystard FICOaUsey by emsisciearssl Bexse elibydrogen
2022 r%%ﬁér f'ngslg 841’(5 lgedl Yl?cl n%y Tt eé%l? hicﬁ?%@dn{ gétsag'%%% may

acrexse”
come dub 6f sutmiti andf acbmduhw thetop oS €iesd chtcmr 2640. 1884 cRabst E:di gases
product 1906 _exits second react or 1900 through secon

2045 aﬂfeer&moaﬁd B st reoefer 20404brough Srgaercior poidige £ ?NsThma&e at
which gﬁ%@ B Rb 'rém@f&laﬁarg %)sttrge[c %46 %Bﬁéh 5t féaa%r mﬂge 2047 is

It 1s's nto tmo I't reacted
cmnuobﬂﬁﬂuﬁthQE&Mvwﬁ@dh exits second spllt area 1940

s e oo Eebel S AT 1l carbon sases
2045 akdWBHE808 bRt bk onkIG: 2030amELIed BACHRS cREBHURI 2060. It

hrough recycle punp 1960 before ™ m Xi ng
the prewmrnOf ﬁlescataleretdoenl&ases@% risestabope the daslee;l gasmessmbcﬁrs&nressure

B L TN R TR TR TV -

to firstGRiREL 2020, f thieipfiébisteiof fikdl @ataBBEBEA gakés Z?(mﬁtd’r@d oW thet digired
pressure of the gases in the reactor. Fresh feed stock

gas Prepgue, ﬁnsbmgsaum epnfrotley 20§}9IW1i1 signehtoXgsichydregstigiaive 3039 to increase
4. cted product 2156 flows into
the amg{ujlt %gn int %%g‘k andio?ﬁ'e

econ
First catalyst bed product 2046 exits first reactor 2040 through first reactor outlet

2044. First catalyst bed product 2046 flows into second mixer 2080 through third mixer inlet
2084 where it is combined with hydrogen 2092, which enters second mixer 2080 through
fourth mixer inlet 2088. The quantity of hydrogen 2092 is controlled by second hydrogen
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conmbi ned recycl ed reacted product and feed 2012 exits
first split area 2010 through third orifice 2008.
w@eovbilmsa4 r ecycl ed reacted product and feed 20BCT/URENG/010639
enters first m xer 2020 through first m xer inlet 2024
valve 200@ Biréticatadyst bebpidadcttyidio gey d08exdits208ihd mivet DOFNhesugh
first mxer 2020 through second m xer inlet 2028. The
second ix it Qutlpt 208tang Beenindpspsondsreacint #1510 taepig} seéangyreactor inlet

\/ 0 -

2102. ORI ZE08 r ORISR PRy arogen 2153 lgws through
secondtdatabysyybed 2 126 wherk éirreantd. | A¢ ﬁ%@@ﬁa]aﬂd?eﬂlpm@ct/hy@ogd;rr 2182 reacts,
socondteais?ped By Bp bt Mo el Sand iSRG bh Bhsts 2708 Fiay' 35le TG of
solutioR A8 H&duhiBad ae 619 6sedOrehdtOVm] 0DNISREEHY dakd1$dt bed gases 2105

catal yst bed 2060 where it reacts. As recycled reacted
are renpyved firony $esend readion § 00 thorzhsecpmdgeactqrrogifice 2 87y The radglat

. . hydr s .and l4i.ght _end h

which {RE0h@ Sty HTRea RS 195 o LY ORI PR 2806021 0E i Rgh second

reactod drifiek 21 626 Wntrdédby kecoad veatvalvwm3hed gases 2045 are
renmoved fromfirst reactor 2040 through fjrst reactaor

otherhressurzef excesh geqond €alatystipaddiydipesa and Hight enddydeneathon sases
2105 a&e{)@[}}xi}‘tdréé bt geggﬁ %8%364 hrildf 188 ofvi isfagggéogéc%ﬁ% E4thi§& bed

s contr Irst vent valve
2120. pffths pressure bf eccoad sathiysiiedgasaal2y 6F risesthbloyel theglesiradhghs pressure,

e e A 7S o s TS g
amoung g%ﬁ}cﬂééenqg dodanixkf 26906 IPhE DRdikEe OF sécjogg tataRkBbeiSIases 2105

gases 2045 rises above the desired pressure,
drops Halow thepdeszedigas mressurey stoond pasOreconiraiegAhl 0 wil signal o second

hydr | ve 2030 to decrease the amount, of ogen

hydrogh) VB 2PN B3 thFreags e oo Tt FrsB GREPH Bl e
bréhcBaR601R04 D0GIEaRSERIdavA AR 1de SirbBgh §R6ndFeASBHbElet 2104
first Eressure controller 2050 will signal to first

Reactedypipdige Al Vaflows mosercoad s eeadd 40 Heoughiprthorifiep gl dhwhere it
is splilJ ethto(%wfo'f[o%&s Eﬁlﬁ% cﬁe&ﬁ%&ll@t ?2526 8\3‘{11&4[ s sQ&%d%E)ﬁgﬂgﬁ %f@:ltﬁrough

Xits first eacC r I'rst reactor ou

fifth o e 148 fisd recpdlad yeattet ebdueioIS6twidEi éxifsl sevend splidarea 2140
cond m xer 2080 through third mxer inle 2081§yhere

se ) d
throughsixtly oBea? Y Recysled jeacisd @rrdiebdl 5o PEWP%Ciﬁhé?@ SEYHPUMp
' - 2 : L XEF+ 4 088. The
2160 %Ecgﬁ %1} Dt%% § g?{lﬂf;%:ﬁgg%ié’%ﬁgg% ﬁl%slf é@gtn%réuoﬁ le(:% by second
hiyldt. g shews ¥ ectfBiic 61 arsup Gaw avyseachedystem, generally designated

by tho Bl 240 BREIED Bvorsbbel L 1) GRECEIE & SOBBNEt PEBrel of

the liqaiHQR dVedtgh BREPRAI RBE b2 Nk Eint@ERL splltRedade 199RB0Eh first
reactor 2100, first catal yst bed product/hydrogen 2

orifice12394f Reovyeledreacigh pasluoindB 56 dloaisyisto speandrifzedaep and the

.reacts. first catalyst rogduct /hydr o 82, 1.
combipEEehted Ratish Plofif Hia/Sha AR RIS R SHNSED IR By thjra
orificd DPAB O CRNIMRREddRERIePraSedBiodaetBd Gedd 22f 2 Sdnldntes figdi thixer 2220

accunul ate at the top of second reactor 2100. Second

throughirafimyizer indel 234 edrereliv’s capdined vatellydrogsm 223¢ ofhich enters first

. [ d [fl T
i 5o AR B ACEIRC TR, B30 s Aot
first hy@ OBt g ZOB0S Eepncled eaacted Hratihoffetdyh pdigBers 222N ekits first mixer
2220 through first mixer outlet 2226 and flows into first reactor 2240 through first reactor
inlet 2242. Inside first reactor 2240, recycled reacted product/feed/hydrogen 2222 flows

through first catalyst bed 2260 where it reacts. As recycled reacted product/feed/hydrogen
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reactor orifice 2107 is controlled by second vent

val ve 2130. The pressure of excess second catal yst bed
why@eagssd and | i ght end hydrocar bon gases 2105P@r/@52006/010639

nonitored at second pressure controller 2110 which is

2222 reabeVErssealns b@ahghmg&n Baxchnd 120t edd hyldhscapisgages2 245 may come
second cat al ases 2105 rises above the desired
out of sghriopragd §Eﬁ‘@ml§fé@bﬂ7& PR eieastar 2t Hdist etalygthgd\gpsgs 2245 are

removel r;fgaglg@%ge%?og%% gggggfgg ﬁh}éﬂ?%@&%%g %g Qtﬁ%?whﬁﬁ first

rogen
catalyspetisgges2 a5 as&mmtﬁ/ed ditoal fisst repetdr Y2 kethrAgbSirshrropdorei fww 2247

X the desired gas p sure, second pressure controller
1s Contr.?ﬁi‘é)g}i\n%ﬁlt"?i“ {2% second hydrogen val ve 2090 to

'T‘ih%ﬁ&%? 8f hB% 3am% c1&H reBed BBRCt TBEPhyR6 LMD IPDX% Emonitored at
2080. Reacte roduct 2106 exits second reactor 2100

first leweh ponitgiles @2¥hwhich as alwve diusticatalyst lpal 2260adf g lprebafiiquid
recycleﬁ %%%t%fé%\é@%{y? vﬁ%é}y &S ng 229% esaarb?)ﬁ? &1%41%3&%21 1?(#\.\35 1er81J rﬁ%& level

controlle? 225 @il kigHalab ﬁZs"ch%drngh Glilv@ ZB(Stoﬁﬁﬁ@ﬁKé the hﬂnbulﬁrcﬁ’ aydrogen to
2140 through fifth orifice 2144, and recycl ed reacted
first miget,2h20 IDthsdevphpEhqudrecycled é@ﬂ%ﬁdﬁw"tﬂ/ﬁeéﬁl}’ﬂ%@n 2222 drops

i SUEHR B RS S5PAB PPl o8 gt el v

2230 tondldcheabe etanioat o Z@Rogdn ihorfatt miplet 2224r ea 2010. FI G 12

h h f|
Ry BRGS0 B et 2195 B D B bt
2244, Fh‘&rya’[aﬁ%t Qéd 1')1'0@1&'6’[@2'4@ flohg ikt %85091& n‘n?lelcmbrtﬁtlo'ugﬁi 1 ﬁib&%r inlet

| evel he liquid in the reactor. Fresh st ock
2284 wheait fsl qw@madtmﬂﬂ hydogepladR, whish eptOsechmbmgter 228 through

fourth Qites i1k 2RE, Tbeaodatg A6 bR R AR el Balye i dbligen
valve ZQDOdFFfEt cafdlyst 8edlp &a&&/lgﬁatdsg&nfzasgt:x@mewnm@@r 224®through

through third orifice nmbi ned recycled reacte
secondgnizaueutich AR abilpps mte srepndirpeles 2340 throughssepongaegptor inlet

250, SR SRR SRR ARk A Phons

secondeangy@ be(SEm’hdhéfb méadtfﬂ AS fik? 2falydited gueduct/hydrofen 2282 reacts,
rogen 2232 is controlled by first hydrogen val ve
secondzoz st pedhdregeny gas pd Lighy @&qucar@ep tg?%ﬁséégﬁ mpycome out of

solut1oﬁ>éga ?f(fu'rrﬁﬁéte o of ?”cop?gf-’&crsﬁ 1%9&52}254 gOStSe%ﬁEﬁJa%Q%t b8l o22€6305

irst reactor t hrou
are remce/adlfmm sacbmd r@ﬁ%ﬁ 230(hshiralehfseccsil remtmrﬁczmw The rate at

wioh LB TR S LSt LhasaLbud o0en, 2222 LMt coon second

reactOIr (ﬁ'ﬁ%@b@ g7 fs%ﬁh‘éﬁecpﬁﬁ cieohd L &RTARKIRIGEN2222 react s,
first catal ydrogen gas and |ight end

righsbrlwa obthe fgaiscasaljm 55d pepdu agen 2@82 sohoniteed afrrgcond level

ool G535 S Sl 7 e B,

bed/hytifygeh @8] Hidstabb et Aesitdd lquicle?@4decorld BeveBdoaitratlevdB 10hwill
first catal yst bed gases 2245 are renoved fromfirst

signal joesgeonst hyzlragenvigl Oftp fngrease Hetaptoust ¢ livdeogep4g seepnd mixer

s, T IEM G bR B 20 A o8 i

level, md lev€ldontroller 2310 will signal to second hydrogen valve 2290 to increase the
amount of hydrogen into second mixer 2280.

Reacted product 2306 exits second reactor 2300 through second reactor outlet 2304.
Reacted product 2306 flows into second split area 2340 through fourth orifice 2342 where it
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first level controller 2250 which is above first
catal yst bed 2260. If the level of liquid recycled

wo e@etiexd3pr oduct / f eed/ hydrogen 2222 ri ses aboveCT/082006/010639
desired liquid level, first level controller 2250 w ||

is split $ritg Habd ﬂwaI Spms teabted Ipﬁgﬁlﬁt 3382y ehRRIMith Gecond kidtseed 1810 through
ydr o%én irst mxer 2220. |If the | evel

Ffth orgfcel 33 TP TER bTOd 35 S AP B TR0
througlg 561% 1?@ 5558 gﬁ%d ﬁgctga dgctg.%\rfgltls %Jrfééegltﬂéfno%éﬁ llrecgcle pump

2360 b%ﬁﬂmﬁmngiwu:m&eesh feteki@f&ﬁ?nauﬁtst qﬂltla;aaaﬁgén into first

20. F rst c t al roduct 2246 eX|
Bisls AR arcneshed Bk dn iR, pebleRgar txsfort gepdially dasignated
by the Mih&hl TR0 NS ¢ aﬁﬁ@quul%zlﬂ & Ilegc‘!t@r is '&bﬁtr@lféﬁoﬁdthe pressure
m xer 2280thro§'t ird mxer inlet where’it iIs

of the gagefinrkairoarton Frgsl fgéatop 8402 fipws inte ﬁt% rsghtsaé@o%l Orthmgh first

nIe 2288.
orifce B SeSdo Rl ol 28T e oS g Ediae pPRr SRR hidip
comblr%ZQ&ycI%drrsictaBpraﬂlycSTanb Esbdp2 DAY Stits Ter PlieAred 28?0 ghbligh third
ond m xer 2280 through second m xer outlet 2286 and

orifice PifCombined acyplad Feitaddiodmbend fred a@w ther gAigry fgtméer 2420
s b e DS a2 R38R R DS B o

mixer 220dhnpaph bednd AfAkenihiet 2433 ’l?lﬁa}:nhﬁmym hiydogen Qmiﬁiswsﬁtrolled by

e D SSISarn 2208 el decone Solal et B
2420 tHOWEh PidE mPler SANH408 2AD HoRS %M& b ot g&ﬁ@ tlﬁgﬂgl‘g%rg‘%reactor

second reactor 2300. Second cata yst b gases
inlet 242 Insidmfiest rdacf@n%%b oenycled acactnd 26O fduddiygoger 24221 flows

ovong 8ROl B0 3% o RS i Stz

2422 rdaeBCHRE cAYE: Bl hGaiges 8604 1 g@lﬁ@ﬁcplﬁgyd?béafrbdiﬁga%gﬁﬁﬁsmay come
control | ed by second vent valve 23 | evel

out of gofiytion a@étaw%wlaf@@aﬂmt@m gﬁﬁvshgﬁmat@g A0 Fipmt p@tamwﬂdcgae@ 2445
e enfy S5 gt 245l SR L e ATy 2B TP RSl

catalysbiesll grayehr Dy 2dbvet Siesn flomactiohed4etirdied firstidhdor orifice 2447
) Igygk second | evel controller 2310 wll signal to
15 cont‘é’ eSRY fiks arpigevei70e 2290 to increase the anount of
ol v
PR RS0 ity 6%y P ULl Ol s
2445, agesiongaret |aqﬁrs¢i ptessie¢ corgmtlenzi 0ewkich dxatiowe lfire catdBkObed 2460.

ifthe pffsgirs o ST oo e 40 GIoCRta Ui Geiod bikromutes fe
pressurBlcBatesIter 2356 welk | b1 alStS ¢id %’ﬂl%%@ﬁ PAlvE3h t‘bhfe@fé%b the %ﬁf&%‘c of

reactor outl et 04. Reacted product 2306 flows into
hydrogee trofigt mipter 2420. eH tixgaessure ofUfiyst datalyst hed gaa‘es @é45zamzs below the

desn”ed%?> Qres\s,wi'e,cfﬁsp y %sglrenéoo tﬁ@r %HS ngrskél iz@zéj’ ?fgeﬁl f\?ﬁt 30 to

1ncreasethd‘an¢<ﬁm28ﬂ14 dragh ihRCHet Ritkek ea@d.ed product 2356 whi ch
exits secon split area 2340 through sixth orifice

f@ﬁtscataﬂe&;b@d @FP%%&‘H@(PXHB Satisqactps 8640 Srgnghpligt tehetongutlet
2444, F?&%ﬁéa 1%&\?09 ZQEé g&% mté 's&)%nWrﬁlQerfiﬁl%% W}Jo%&? th%r?aoriglixer inlet

ar éa
2484 where it is comblned with hydrogen 2492, which enters second mixer 2480 through

fourth mixer inlet 2488. The quantity of hydrogen 2492 is controlled by second hydrogen
valve 2490. First catalyst bed product/hydrogen 2482 exits second mixer 2480 through

second mixer outlet 2486 and flows into second reactor 2500 through second reactor inlet
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FIG 13 shows a schematic for an up flow two-reactor
system generally designated by the nuneral 2400 where
wo b@eqoemsst ity of liquid in the reactor is contPOl/USTHO&Y10639

the pressure of the gases in the reactor. Fresh feed

2502, HisliekedstddeddtonVgs00Nfint Edtalgst beg brdduat/lg&lr@gbh(ﬂﬂﬁ rflmasghthrough

second;chéiét o %@2%@?%@@5@5@ %@%aet el Brabifgngaech 2482 reacts,
second fs ch g@sg@d%aﬁ 84 H ﬁ)%gnbog @l&s 29 U5 h?ay c'ofn%tout of

are roug orlflce 24 mbi ned
solut1on and( ad:oathuiz&a at thd tqy mfchecchndarnmbtcbtewoz A‘S@Qondh@mlm’ﬂ bed gases 2505

fir m xer 2420 t rst xer |n 4
ar renyefl SoBLHBPHOLA61 Fo oy AL o2t o eE o 07 THY Pl
which S8c¥8d cA%38 Bar AL 598 GRSl ¥E@ fromNe@dnddéddor J30® through second
guantity of hydrgg{gen 2432 is controlled by first

reactortoyifice §6A7 issdoniroiadby sqrend ¥¢rd yalve 263@d

PR 050 AR S I Hon e

2505, e[re afinitbred4dd Bedond @ughurk icostiollee 251 mwhlchhsaabozrézﬁaconldrwtabbest bed
first reactor 2440, recycled

r

2520. Birthe pressure ef59pRd %téwstjo@g;_gaqug&,@ Flﬁ?soa(]i’@ﬁe theydepired gas pressure,
t

ol TS0 Bl 88y R g

amounkh yﬂhyfgegmgasewmi rhixgh2486n df thy grassure o secgnd eatabsBedgages 2505

of . sol uti on and accunul at
drops a0 (% desrd Bouahpts ras propd Beeeats contsatyr b Bsifel gp gecond
hydrogeﬁ%%%b() AMrlckdagd ie@BiouBl ofAAAFb el ittt @B onld itk eff 2480t OF
orifice 2447. The rate at which first catal yst bed

ReetedPrddnch 280G exitssechnidroantdriZ50 threngh sncondiracion pBilRiRS04.

Reacte%lg{r@cgl %Z% ﬁ%lﬁg{ﬂrg{) Igécg)ﬂg gpzll fa'reéq)g%gﬂttﬂr Léﬁg)ugtéto f{cétzs%f g;here it
is split M tR@ETbva) Bplktiredtiedee ity A5 ST; aﬂbﬂneﬂ’afseﬁond%@ﬁﬁareaﬂmo through
noni tored at first pressure cont raoller, 2450 which i

fifth ofien 2544 prd regygelad yapptcd PEpdugisth >0 whith exifsysecansh wplih prea 3540
througillsfx%lrl of b YA I?eecg?lgaf‘&witea?)%oﬁﬁc{ 2458 i ?g&\ﬁg4% lebRfe pump

pressure, ressure control

2560 lﬁfcga ahxintg wikh EESH&dd Dgl?md‘aim;ah@ﬂ:@@%l@ decr eas e the
amount of hydrogen, to first _m xer

pFis ddshows Ysrhehatic fond Je¥n fey rﬁ\&&ﬁ@agi%gr&ﬁvg‘%@’ BEAcEHlY

L ( EYof Idoﬁf lled by th
demgn%%@ b‘}qﬁ+ fxﬁﬂeﬁ?? (R); Vgﬁfrlb' Fl’:;e{ q{ai;%t? oogf gﬁﬁ@glﬂ \';lge %2 Q rolled by the

level dftios bqeé int the reacm.rn {Fresh fogddtanetBOR rﬂOMJSflnﬁosﬁrS‘iﬁpklé pre24800

t t _bed f t
through 0 i A RPCI LRt Pt s s edsef T ep 2p06 and
the co&%ﬁe@rr&q}éfe‘d ré44&1 1‘31’09&‘& ahd FRASETIONExifH fhef sphift %a&@[@ﬂ@@ugh third
hird m’xer inlet 2484 where it is combi ned with

onﬁc&@@so g?emkan@QrGCM¢<trﬁa@tnd proslugieand feedA8iarthamediens dirg weper 2820

twous gy P e 2Dy SR o BBl ol A5 BARR A
mixer @82 @ thtstlighoReomt m@wi‘ ofifiyel2 8xge Th24RaAntyiof hydegomA83a 1 m eontrolled
2480 t hrough _second m xer outl %2486 and fl

by firss bpdiegen alve §83G 5Reryeled senghrdsuedist focddyiEasen 3684 oftsirst mixer
2820 Moﬂ&ﬂ?}r?tﬁﬁg@go@ge? 2§§§ xﬁf’@&vs ﬁxﬁcf éﬁctﬁ@iﬂoytﬁfd)u%ﬁ% ctor inlet 2842,

rough secon
Inmdeb@é:btmoy\ﬁeyded teabtedq)tcslucfﬁ&ed/hychb gﬁﬁl&ﬁZyIMWdolﬂmbugh ﬁrst catalyst
roduct/ hydrogen 2482 re
bed 2860 where it r%acts gAs recycled reacted product/feed/hydrogen 2822 reacts, first
catalyst bed hydrogen gas and light end hydrocarbon gases 2845 may come out of solution

and accumulate at the top of reactor 2840. First catalyst bed gases 2845 are removed from
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second catal yst bed hydrogen gas and |ight end

hydr ocar bon gases 2505 may cone out of solution and
waewamdsat e at the top of second reactor 2500. PEETSIVI6/010639

cat al yst bed gases 2505 are renoved from second

reactor’2830 tigbudbifit tdatou gtifice2eTd Theaatk at whichffirstecaB@st bed bases
rate at which second catal yst bed

ases 5 are
2845 acmpserl FPBrFEAREA O Benugh firsp s tor DG ﬂg%ce)lé GAgtrolled by first

r orifice 2507 is controlled by second vent
vaﬁvﬁ&?ﬁ§@2530 The pressure of excess second catal yst bed
Hbtdrlegd nf ﬁ:ed1quncgfwycﬂerﬂrdaytdd pmme@mggemm is aomitored at

fist i) Gl GRA0 B b B Ag5t e e Of Bedeidl ofiatd

recycl&EieaAch ﬁl‘%ﬁﬁétﬁ‘ééd]ﬁ’ﬁﬁomz 2R05:HovE 8% ERRVEliGe 16ies ifirdevel

gas pressure, second pressure controller 2510 w ||
controBér@¥a0 wib sw@btmﬁrhtylmdgwn valve 283Q tpoigcieasedie prgyat qffjydrogen to

w8, OSSR, G R A TA rlh e 1 aos

below 'tﬁb&iddff@d LQdd 8], Firegses ContfliepPEE (oW ibs g t@ first hpdrogen valve
will signal to second hydro en valve 2490 to
2830t9d@¢fé%ﬁ§éh‘ftﬁé0mi§h¥ regehipén BEeh 284t o second ni xer

t:ﬁ?& catgﬁfgg@ ﬂoéem Y&k AoQ6; n%(bécégé ﬁﬁ?&%@@gﬁgﬁ%}a %ﬁ?‘taQnixer

roug react or OUt et 2 React e
inlet 2856 héredvis combines exitinitydspdent2892 cehighs dltetsmecanghmixou 2339

throueh Satioaing? Gt Bodse apin koL Be @il efitfmed By shoond

hydro %e?.o 1%@899 9 hlréﬂ éaftahyé% vbea bfRueAfAro RN ISR E 6xied Moﬁcﬁ@@ie@ dgsgo

duct 25 exits second split area 254

throughhcmmghmscmmﬂeb 28$6 oul Dousthreegbypedand cptabyst berl %%b\umre it

s 28 e BB DA B SO BT 450 S50 Sl s

and llgﬁﬁ‘ UG h?dr§&ﬁ86@%és@s bous @ag e bhtF soniktibh ahédedu@adito bt the top of
ystem genera de5|?nated by the nuneral (2800 where

second malqsmg 2690. OSeqqnq wr@lyshbadrzaspsedb gre Temayss thrgngtetpepyd

reactog ?%fétf(e 2(‘)[ffh|e 55\% alk kvﬁ%h;jsieér:&tdtclsa%]lfsfﬁg& gz{sesz?(gszﬁﬁ It ug‘ﬁd from
throuéfh: s@&dnd%dtd‘t@ﬂﬁlf?o%é%07 ng% l%ﬁ sezond zcmo;dm_tz% 35 6
ows int n r )
by tvekpngiad 5N GAA BALPTP AR Y9 Est S0 Egniiored ot
secon§ Relvlelt cio‘ﬂ f5Re 2019 aﬂﬁ&? %o@é"éé’cgﬁg@édﬁl §%ed §9§0 fPaRbI R8I liquid

reacte proauct and eed 12 then enters
first c:ﬁtalysﬁbempxmiucﬂﬁﬁdrogdm b&&jzrnsres alsqverthe(éwslmqh lighiddeved, sghendelevel

i.ned with which enters firs
contrqliex e CSRBERET s nl KRB Nelve TRo0t ok oo u dpgubt 3
hydro %&Pﬂatsb&}hd%lx@ﬁ’ olg 8113 G0 t1298¢el b hﬁtﬁﬂtfﬂrél'chﬁ@sbwe(f pro8iict/hydrogen
drogen val ve 30. Recycl ed reacted

2882 thpsjhciontb@detsmd ﬂxqg@riemzszc@d legel cppigellari2Qe9 walg signal to second

t I t
hydropef T IO bt g e B o8BS0 R ule R Sud b 8850
I ReX@bEpoieacioed eﬁft@fiﬁd@tbf pemdhivngh ogR tor Zﬁﬁé’t 284Q)I\I:Reacted
through first catal yst bed 2860 where it reac

produgiedBA6| g srinteciceen aee 2P tron fowdhn og@geZZEfﬂgaw}lge it is split
into t\{g(‘) rgl %’8’ - %&}?{e\éétted 2)?0%21%1}/ @ ﬁg%ﬂ cﬂ%%t?g%oﬂ'fl %Sﬁt a?&d2940 through fifth

on-gas come out o
orifice 2944, and recycled reacted product 295 6 which exits second spht area 2940 through

sixth orifice 2946. Recycled reacted product 2956 is pumped through recycle pump 2960
before mixing with fresh feed 2802 at first split area 2810.
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and accunul ate at the top of reactor 2840. First
catal yst bed gases 2845 are renoved fronreactor 2840

wo booeagas3f i rst reactor orifice 2847. The rate BECT/B20061010639
first catalyst bed gases 2845 are renoved from reactor

28@015 Kiowsdschematic foeacloom flow fuiuttbb&Bredctos sy;smmn raghérelly
first vent valve 2870. The | evel.  of .the

iquid
des1gn¢t@d;w fhequumesl 3900 Pt fhe Araddy algwd anths gesiards ontrolled by the
s SARRE Hnd kil BB B R AR i e 2010
througlt ﬁmy ohﬁde B@MctMypiﬁda deacted fpeatichy tivoolewvs m&zaecpmé ey ce 3006 and

e conSH e LG S 5 S o B SYBsBhtn ie

orifice '3098 e@§1@1bhfé§ rét?@léﬂtre&fedl'})@d&@@ﬁﬁ feed BOIthemeﬁ%Es 28PMixer 3020
| evel ui d recgcled reacte

througlp ﬁmﬂ mm’rlel@a:&@%ﬂdwbgeﬁ ipgpm lap@pygthﬁwrlmen A3y adhiskpenters first
s A Sl S a0 SR A6 TR St o

first h}l’dl)/@eﬁg'@IVel 3080. Rex@lediBafed podsdt/ feal/lafdrsgent 3022 il first mixer

lows into second m xer 2880 tﬁﬁ h t rd mx?
3020 ﬂFIﬁll%l% ﬁ@ssuxwﬂ@t 3926j28d dlgwsiinie deagfqrs 0 @ 8 gigpinlet 3042.

Inside %&P 3%;68 25 9‘?9&%&5&&&0’(&&%@3@?&%{ Qbe QHGVE tﬁnﬂhg‘fﬁﬁrst catalyst

e quantity o en 2892 is
bed 3060 mtherd it echctsy Meem&d@ﬁ@md@fw@/@@@@en&%é treacts, first

S e P LA 52 S See0nt e
and ac&ﬂﬁt?lﬂﬁrht ﬁ?ectgf)‘ dr Fe%&t%} ¥640. thﬂst 8&219@45&@ fﬁsést30r49 a6d #moRed from

first catal yst bed product/hydrogen Z882 reacts,
reactosHeOribrough ﬁlrsy seactys @rifigel 3O nTlnggteaa’ﬁ avhighyfst eatelyst bed gases

so4s R P, 8550 PR T B 0P S B e

valve $g@ond cat al yst bed gases 2905 are renoved through
second reactor orifice 2907, The rate _at whjch second

cﬁheamywrmfcﬁxg% digstzatabyshped hiogracnd dight end ipiprarbon gases
3045 a\?;egﬁ][‘&H 8%95%%8&%%& Eﬁﬁgflozllgi SR :isgega!logg ﬂﬁ’%ﬁgtﬁﬁﬁ@ﬂﬁed 3060. If

the prds&tra by §itst batdlypr edunikdsB0dS aigesatidd8 2hd desiredh gztsmresi;uﬁd; first pressure
econd | evel h iis above second

control |l er 291
controfigy 1) Tisegpabiogerst ydrogss ebipe03o fipcgiense the gragunt of hydrogen
to ﬁrstﬁ‘géﬁl\a;r ?O b eh e ?éegtﬁ%tngrcgﬂt evegaséé 565 (ﬁ@ﬁé’@elévk}?he desired

I|qU| vel , secon control l'er 291
gas prwshﬂe ﬁrsgpmbsw«{)caﬂ!mblﬂd3 Wvdmgnai/w fnest Hﬁb@gwalmir@@ée increase
second m xer 2880. If the

nt of hy
thearqoggtemﬁrqgeamta ’F?t ?‘e’i: @Qr yst bed product/hydrogen

2834 cHaRRBbL&EIBYGA: BE46 ﬁ@W@ 8o kécaHil thik&V3iz0 tmagm third mixer
_ | evel control ler 2910 wi signal to second dr ogen
inlet 3084 whezg0 cpmbmedrvelasbydrh@enawganwh@h P S8 ﬁteé 3080

d
orou SRR PRSP HER: oFE AT RE RS CRRR S RIS e
hydrogdnO¥vd 3090. Fasostalsibel pafdaat/}g%&gehmoem gkitd wdbﬁdTmlxer 3080
orifice 2942 where it is S&nlt into two fl ows

ihroughsacarddnipes it 30854 lnye resehisScascsriys bra 3130 where i
reactsz%ggirgt %&%gb%{»foﬁu&m%f &n ggﬁrea dse{:&@/ k@@%@@ﬁ&&%gw gas

eX|ts econd split area
and 11;§Hﬁ eAd8hdrocarbon gases 3105 may come out of solution and accumulate at the top of

second catalyst bed 3120. Second catalyst bed gases 3105 are removed through second
reactor orifice 3107. The rate at which second catalyst bed gases 3105 are removed from

through second reactor orifice 3107 is controlled by second vent valve 3120.
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sixth orifice 2946. Recycled reacted product 2956 is
punped t hrough recycle punp 2960 before mxing wth

wo e@shofseed 2802 at first split area 2810. Fl G PABUST00&810639
a schematic for a down flow nulti-bed reactor system

URBPFkilng offestcgnadcend tatallyktebed luydrogkn aADRgwead dydivearbon gases

quantity of liquid in the reactor ig coptrolled b 1tSEEd
3105 sygroaritored dfscrandl Ryseslss coRrpH 1AM aihigh iS phaapep @A pe
3120. %&ﬁ%?%é%Ba&tc%é% g%flgﬁ%@h' 5se§g‘?@5 ALLOLbYE BidARsitdd Sk pressure,

react ed product 3156 flows into
secondeestne conirdllere 1308611 sigdalith sccadibiydogen selye BE0 toedesreas the

amounf i kydgpeceitp peroBi PHRES 0380K, DB e ol Tee PUaTR Y Saps 3105
drops 1{2,»?]&9 Hicldedéh %a?seﬁ}eégrje,zsécﬁﬁd‘ RBues Sorftiollef 3 TR 39D to second

rough first mxer inlet 3024 where it is conbl ned
hydrogen tvhlvh 3690 treimc@as2the wiownt of iydvogen jnte secopst apxgFHG0.

through sec ixer 1inl ' f
e g ere SRS b S ek B LA gttt sk 3004 Reacted
producBB6b NGRS 1Eb estone eslitacbadiad uinbiflefatthydifiog Sh4B0ARre it is split
i exits first mxer 3020 through first m xer OSH etﬁqrsoﬁ(%fth
into twgrflpvis, smlis reaetes predeat 31 53 ounck W@@@Wnﬂéaﬁt yea p HGihrough It
. ) ' r ; I ;
orifioe 34 RS SAAEbrod 56 REYH! e SRERA Bt area 3140 throush
sixth ofificaBy46. RedcRdGeacddgredudt 3t Haistpempad threugictesycle pamped 60
pr.oduct/feed/ hydrogen 3022 .reacts,. first catal yst bed
before ggigngJEh 5951 gﬁ@ﬁ‘?@ﬁﬁ%ﬁal%@rm %@]&r bon gases 3045 may
CRCE 18 léfl%\g;a 2 §81Feﬂ{a'ti9 '?otadﬁq%@ﬂ&u Mili@bhed Adactod Q%sttgi?,eggnerally

react or . First catalyst bed gases 304 [
designatedbydie fiurnenat 3206t wher® 00uahtityod Hqnidris the isagieipis controlled by the

rifice,3047. The rate .at [ i St .catal yst.
ove ARG IO I8, 756 gl bR iR BB g
tMouggrﬂréti GiRic30434.] ReSRIMdeAdI@TprBNUALI3BS6 fle@sinty dkoad HWiTide 3206 and
he pressure of excess first catal yst bed hydrogen and, .
the combigiet reqyeledyerctedenTodirt gad Eod A3, afits firstplibiiey 3210 through third
. fdrst r ' ' ' .
ot 08| PRS00 LRt ol dutiLal SR i 22
throughgifstgakesind@4324 whet ialswombirve vidshydrdgans323pr ebihreaters first
first pressure controller

3050 wil | sj | fir
mixer 4920 BUHEAAEPUE) BSOS De8r CRSAVAREY SHOHREDISZA) & gemlied by
first h%&e}ag%rf iy - %@g%gd téacfeﬁ ‘fmﬁfu@ﬁ&@&/ﬁygﬁo gbh 8312 Gats@HrtShixer

ases el ow'the desired gas pressure,
3220 thidush fpstenixer eutted A2260iddelov@OiR® meadtbr 324grthtouigh réactagtinlet 3242,

.. hydrogen val v 030 to i,ncrea he of .. hyd n
s e, el ~agsb LR et R M 5 e
Lt C ' lob6h Bl20ereadts) Mkt
b 2 BRI FOR i pragh oy ot

catalystrited hydmpen gds ariddéght 808bydragasbeihedset B2HS.MacepomePwtof solution

3088, . Th tdt f d '
and BRI RyaF Bt 0360 5 2o R L{RY e BB 40Are Fohn&Ved from
reactoP BV AU BHATO0RRACtSOSAIRIMS. T8e edelatmviieh fiddatatyst badognses
second m xer outlet 3086 and flows through secon

: d
3245 warangwad ey reacsay 32A@ irongh fushreator gafies F247 18 genffajled by first

bed duct/ hydrogen 3082 reacts, second catal yst bed
vent Vﬁ@&%@n gas

The level of the liquid recycled reacted product/feed/hydrogen 3222 is monitored at
first level controller 3250 which is above first catalyst bed 3260. If the level of liquid
recycled reacted product/feed/hydrogen 3222 rises above the desired liquid level, first level
controller 3250 will signal to first hydrogen valve 3230 to increase the amount of hydrogen to
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and |ight end hydrocarbon gases 3105 may cone out of
sol ution and accunul ate at the top of second catal yst
whewe30284+ Second catal yst bed gases 3105 are PENDS®EA6/010639
t hrough second reactor orifice 3107. The rate at which
first mﬁ@l@ﬂw aethellyad obEglig asoy6led @bted pRodie e hytifapeh 3222 drops

rough second reactor_orifice 3107 |s cgn ol | ed by
below @@é@ﬂﬁ?d\)éwed ipxely Brsgiovs! qqiroflpeia(mellsiena E’eé@t 1@@&% valve

3230tc§%§éa¥§{heba‘flgou%¥gf Sodiflol Qé}hlx%f@aiwdfocar bon gases

ar € noni tor atesecond pressure controller 3110
\HMstd:atalystéied\peo(hmtm% ﬂcaﬁahy&tecchmhmwz 6280 through third mixer

iner 3GV s o g aoon Pab diEst 208h TEGucH Sapianae LR
througl® fob@thWhixer #il&n2R8.L Phe g@glﬁgl ooraeaRn 328 ecoa@8fed By second

decrease the amount o en to second m xer 3080.
hydrogef velve 3@9%351@$t@a@iys§b@bmdd adrpgpn B8 gralssgcapdonixer 3280

|
trons BB S B BRSSP A e
reacts. 309rst @athl&@tﬂﬁaﬁiﬁodﬁﬁhﬁdlﬁ b 3230 rbyetl, egond Icﬁlﬁa@sﬁbﬁl[}diro gen gas
m xer 3080. Reacted pr oduct 3106 exits reactor

and 11ghh?né‘l}§}1ﬁ‘m°éﬁ2ﬂncﬁas%ﬁﬁ3l etmapeme o o€ sUtion @Mu@m@@ at the top of
secondféa 5%?35? ﬁe’agn& Plehi ﬁrst‘%reﬁ %a&%@@Oﬁ heQu Pvéd)ﬂ‘ﬁ('j h second
or | c e ere It

S spfit into two
reactorr @He 80P THeicdte 3bRich wiviond caxlymsbesl@achS@ﬁ lare rea‘ros*ad from

140 through fif I‘IfIC 4, an eact ed
through ek Feogiaariie SR) Disieput Qlsagnseaid vk pige 35
ITHeQued of tﬁétﬁ}spéa'tafly& %e&; %fb@uctﬁﬁﬂ)’d‘éeﬁ@%@ Mgﬁt&é@ gtuetond level

3156 1s punped through recycl unp 3 bef ore m xi ng
controliért33 10 mdwth fsebdveamthcatﬂystbﬁd §§IQ tIf éth]&V@GDf @irstma‘@lysn@ed

proancl 4Rt SERaTRp riotrale SRat B Hob R eTRE Smer o386k grapto van

signal tdRcoMBIMNdrdyenOfalvd mlodo itrdab&thiceatduar of 15ydeestnto lséad Mixer
the level of the liquid in the reactor. Fresh feed

3280. éf ibe keveboDfinst w;slyﬂrheé produsthyispgen 328¢ drca@mlqwm@gﬁred liquid
f f
level, ﬁelfg%le?e%lltcghfs%glé%n ng V\Fﬁ %?é%‘lﬂ%g 6%0%%83&?1"10% IE: %293& ﬁ) increase the

amounltGﬁhﬁdregénrlﬁﬁﬁsteedubmﬁxwew(ﬁnd feed, 3212, exits first
it area 3210 through third orlflce 3

i ned
wtqdéwowaé%%emsaa%f&r 340 thrawgh resetor ?\Hﬁeﬁ 3 elliga%ted
prodth 3536 1% Bt 3420 %ﬁlﬁtﬁ&%ﬁﬁb&ﬁﬁwgﬂé Kffgh! SHRSe S3AZHHIEK & splie

IS co |ne ogen 32 ich enters first
into tvm fkews, Sﬂﬁﬁeadﬁwdapxgﬂucﬂéééhdwmm@mﬂ set@td pHpgrea BB40 through fifth

oriﬁce%g?;alé)tgﬁe Of&lql%rd %‘g%gproggééépg o&‘g)taeé(?tlé lagc%ngysplfiti arrgatt 3340 through
sixth o?irfi‘ég 4844 f REA/ ML RIS 13 dect 3856 is%nﬁﬂgfeﬁtthlﬁhglﬁfec?@lg Pum 3360

hrough first m xer outlet 3226 and flows intO reac
beforemﬁlgt\hlrﬂmfrg*h feed 3207 ati firstepliB@a2321thsi de reactor 3240

t.ed d t/f d/ 222 .1
Y IR B S ot S in FSS AN RHET BB Saitp ¥ty
des1gnf'é@@)b9|tﬁéimhﬁéﬁt L) PR RS e/ 4@@@&@{@@@@1&1& twl%actbeacz:bﬁmned by the
irst catal yst bed h%dro as and |lig

pressutg/efitbe gasss in Gageastors wraétoa lﬂo“@fm@cei{rak pdikargad410
througgggycrgll f%te %§§%5 %cﬁe%grﬁg{}:%cg&?%& r35§§ gltg%vrs 'i_'fété }%c to?éﬁ}ég 8406 and

gases romvre
the cofnbfn‘élﬂ ré@@%ﬂgéac@éd prodect 3Rd feed, 3¥ 21 ity fbt split adea BM(Sthrough third
cat al yst bed gase
orifice 3408. %Iomblned r%cycled reacted product and feed 3412 then enters first mixer 3420
through first mixer inlet 3424 where it is combined with hydrogen 3432, which enters first

mixer 3420 through second mixer inlet 3428. The quantity of hydrogen 3432 is controlled by
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3245 are renoved fromreactor 3240 through first

reactor orifice 3247 is controlled by first vent valve
W@20006/1036Be | evel of the liquid recycl ed react eBCT/US2006/010639

product/feed/ hydrogen 3222 is nonitored at first |evel

first hydﬂig%n ohlveB432 5Redl}blddheacﬁecﬂkr6&lﬁ:tlff$ddﬁiyd&@eﬁl3ﬂ32 eRiegifirst mixer
If the level of liquid recycled reacted

3420 ﬂwm@tsﬂ g PHetdge and 8o fnta ERatign 3440 Hrenghosngterdnlet 3442.
Inside J{e%&?lf ?StO? ﬁe%g/cleﬁ Eéa%{edlp?ef é:gge%mhg@f‘ol &h 322PH W {ﬂroﬁf‘% ?atalyst

rogen val'v crease the
bed 346@/d'hetgenream i Aslredycbed med&&ﬂ(}nrodﬁct/fdmd/ﬂydt@en 622 rcmuiisﬁﬁrst

cled reacte r /fee drogen 3222 drops
catalys iy et GBS L HER o o rog P apT EFferag P o7 oGR PRoTfsghution
and accidmfatélat the $b06Bdeadtr §4405 tFnt%V SHAYRbel %héé@ 3328 QrctBmoved from
decrease t he anmount of iﬁF{qﬁrogen into first m xer 3220.

reactoruig tthr@@glaﬁlgﬁﬁteabt@ﬂ opfiesd gatelabwhichifirst cstedyatibied gases
2445 off R Rl Bt gfbitRs Sk BB R rpl e

3470. 3280 through fourth mxer inlet 3288. The quantity of
rogen 3292 is _controlled by second

d h n val ve
ﬁ@@rewrﬁgf exeasafiya et heddudeagen pad B@%ﬁ@ drasasbog gases,
3445, aﬁ‘?gl\%gﬁo )é?ﬁﬁg’él%gs&rg E&Hﬂﬁ er ?@5?{;\91&1%%%09 Tirst %ﬁﬁ%&f%éo

oug econd cata yst
If the presawe ©f fifse chtialyst ba:bgaabwigms hrizels pivove tilod ddsirdd gaepreSR82 first

pressult S Qslr BT0 (AL SEnl4b Bt dy gk vt 610 Gofeseshagount of

hydroggf fHit Aler 326 .he tﬁ@ﬂeﬁuré@ﬂ?@fjca@eﬁilﬁ lh¥§ '}ga&@ @4@5?3 s below the
Second cat al yst bed gases 3305 are” renoved t hroug

desiredsgag prassureatsopressuied ¢andgrods0BASOTHid Slglabtoaﬁlrst/\hbrdrhg@e&cabmﬁ%O to

al yst . b ases. 3305 are ved from through
1ncreasgzll ﬂ%owéggg%cﬁo%ﬂ ]P? rs&%{f ?gﬁ'@ ontrol |l ed by sgcond
et ca\tﬂyéﬁbea pe8iuciBid feoved inff seb iRl s B4Wﬂ1@$ﬁg$1tth§@ ¢hixer

roduct/ hydrogen 3282 is nonitored at second |evel

inlet 3484rwhese itas C%@@e@\mfhﬁn’d@g%é%? Ididhentera sedopd minerB480

I I t
g et 48 NS L Lo SRR ka8 copgyed oo
hydrogleEVﬁ!]ng 38%: O]F‘ldst lcataBist eaiirodidt/bydidgaN3482 dxigisgtvald rhiger 3480
second hydrogen val ve 3290 to increase the anmount of

througiy 5568 BIRE UHEIASE P flopvs3rgBeh acont eatplasichcd g2 prbste it
et 4 8 Syl ML OERp 285, R oL croze

and 11ghnhérid Igndgnatbo?(gasssddﬁd nimycoopaeut vhsoleti@P8d dcoumniateca siee top of
328
seont AR’ SLPIED B0 355350 Boenotat Pt

reactordgiftte 3REACTIROraR! QAUGEL 2684 EdtRYst Heﬂ%ﬁse% 8805 Qresﬂéhiokred from

area 3340 through fourth orificCe 3 where it 1Is
througly ﬁﬁcpnd rem:@r pribicd BYsis cglpircrlledrbe'ascccm yenbealee 33852,

econ it. arne 40 thr fift
Mierfe 5] R ERRRpBR A UE R PRONERY csamySopppangn soses
3505, ®&hlohit6Re anskcsid piesaire dortivHer 8 SMOKEBIBH 5 aoRkre 88doht @8talyst bed
3346. Recycl ed reacted product 3356 is punped through

3520. Hebgpressustipseggmbeatalysbed grses 4§0ises abpee thefdssitedigee pressure,
second%‘iessﬁxresctont?&llér%5% FAu §1%4x91 to second hydrogen valve 3490 to decrease the

amount of hydrogen to second mixer 3480. If the pressure of second catalyst bed gases 3505
drops below the desired gas pressure, second pressure controller 3510 will signal to second

hydrogen valve 3490 to increase the amount of hydrogen into second mixer 3480.
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FIG 17 shows a schematic for an up flow nmulti-bed

reactor system generally designated by the nunera
wa406/1085e4 e the quantity of liquid in the reacPOr/Us®06/010639

controlled by the pressure of the gases in the

ReactprodutER06feritsiratoe R4B BRoghevstdrudef 3444t Reptted

area 3410 through first aorifice 3404 Rgc ycl ed ﬁeacted

producb?»mwsslsl%seppwlm Atea 3340 Bwengh foprth eri§ae a4 wherg af is split
L6

o ST i BEUE LS AR o0 gty P it

orifice 38408 an@mclychaé deac&ad;pmd)chntt B &¥cwhidh pritcisecondspdit i@ 534 tiough

st of iy G Eey 167 g BB ML 1 11 RGHPOLLID a8y i piefp S50

before ﬁmlﬁgsvlfhl frsch fBARI0234 Afkt kpIiiQaiB4agecond ni xer inl et
The quantity of hydrogen 3432 is controll ed

Wﬁ i&shcrm sshematiafoy @ segbobedreasyer with pdeyel eentroller for use in 2
down f?‘h"‘{ g , /LIESS §‘é‘ﬁ§$fl§srg %g/ﬂ.fbé e%?fg%ﬁroé%s,f éeng}aﬁ de%izgl%%%% y the

numbeBéMlﬂ) tR&a@td)@ A00@RGoaobel dftvesst#t2010, havidg ah &ﬂettdirfﬁc344m2 and an
ycl ed react ed product/feed/hydro en 3422 fl ows

outlet erﬁfcéu@‘?f""f |]Fl?tm@ﬁt’%‘l’gfﬁc“%@o%%é‘V\‘tgf?érl’étoltYVO ZEBES 31 UpRer zone,
4020, cfo?l@ﬁﬁhg gasre a@%ﬁ Céng Eg% éaBﬁ?ga(r %\leeﬂ)ng 44%)%0r @(ﬁﬁlﬁmg catalyst

rogen an i ght
bed 406§, coopasdibef (gmmpalﬁdw5406ﬁawn¢hqmdoéf)3ibf soI ut| on and

ccu he t of .react or 3440.
e e iasbas werln Sunatih disav-atie o teidhp B ie: zone
4030 af 4 1e9b] 46296 bARlyH Bl 4080 342 At 40878 cleades fgﬁées w2 s Brofd & 1 Zone
cat al yst bed gases 3445 are renoved from reactor

4020 at hpwdgﬂqrmmned cosst@ydte.i ¥ entohd o3 regdlatwl b‘yn vent valee ﬂom v e

0 The sur f ex flr st be
HiGe 1o b SRR Bra RO SksT JRLBls ke fiftogiers for use in
an up BN téRimeuatiqlil hhiseMyafoprdRss rb@d:ds egenafhﬁgl déﬁgﬁzhedl By the
above first catalyst bed 3460. If the pressure o

number #2QQ. Reackor #2p0 Beiompasedkofzpass] A7 10 bavipsga lmlﬁfeoret‘@§» #%4, and an
outlet &‘?ﬁ’ceprlﬁfé?ts u];f?e' 1n{eh P {)jf HBE FER I ol éfgé % ifsk (C:I ﬁl?r dI J1%]60,
r ease’ t he

ogen valve
composebﬂ)cbﬂﬁatabf'st bydicteg GQ62 (folﬂcbvvéd by weixer 3220, whith isithen followed by a

f f t t bed 3445 d bel
second Gty Bpd-dkd2 g;éo%&pégé# halyst paitles 4320 o control Lor
3R opidd oficastad 4208 1&5&?:& béwéérp&gaoefﬁ\he\f Q2843 tPer 14280 is

i ncrease the anount of drogen into first mxer
dividefints twe mrwlsyaIuppedzqmeoM c@uiBinfg| gaves 4236 parslecogaificantly larger

480 t.h | gt 84 wh it
towes BRyko PRI A AN GAES SRS < cocond m xer

FBQutdvoRugef @50%‘%&%8 Ena‘nﬁﬁlﬁtthégﬁt%gsure @.WZSHM uPper zone
hydr ogen 3492 is control second h rogen val ve

4220 ag4 gtpderermiged pagsairgsV enb@ﬁﬂrrgl@a@s lehsed |48% ﬁomameez¢rtes4220 ata

predetgiyy St rhdciwgéﬂgnﬁg’ 2’2\8%\&‘ gﬁ%}‘g éggtg(gg& m@é%’(%‘l 9 l{{éz:j t 348 6 and
a6k 9280 ofripkiSing @frsd Mt 4@tophiestiuet ligyids @Q@llﬁ({lﬁﬂxer 4280, a

reacts, second catal yst bed hydrogen gas and Ilglht end
secondhilpt 4345 toontradisehiydmEsn intg miera 28 anganawhlgh 4286 leading fo

the top of second catal yst bed 3520.
seank@%@%ﬂﬁkgg?% yst bed gases 3505 are renpved through

SEgOpition of reactor 4200 located between mixer 4280 and reactor outlet 4244 is

l-()

divided into two zones, an upper zone, 4350, containing gases 4355, and a significantly larger

lower zone, 4360, containing catalyst bed 4320 and liquids 4365.
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reactor orifice 3507. The rate at which second
catal yst bed gases 3505 are renoved fromthrough
wa@ewenasseact or orifice 3507 is controll ed by Berosm6/010639
vent val ve 3530. The pressure of excess second
@Ms@dl&%bnﬂ?@l&rh}% do d0esed anshaint i theqresstipf@asdsiGnS gasg=er zone
, are nonitored at second pressure controller 35%
4350 amr@ﬁetpléma%p@swé%o}{anté‘é%ri}@%se%é%fe%% o upper zone 4350 at 2
prodetdPofiRg ¥bfistel 380 Uk ERIAL Yt RErb SRGE 9213005501 ses above
eS|re gas pressure, secon ressure controller
36 acconddnice siithrthe ptesenst au@ntjlom ydda&pgelhng adlvent3 aludegropane,

d th d d 34
butane, Anq Epap ey ARG ReabUBRH csage i Baogieses Bepdfithares,
naphth8/BRe], W@V‘f)&ﬁ%uﬂ?%:yﬁl%ﬁrcﬁéﬁe@ 51O 8l FeRyc1e GOMSCcRCRSEpH uct,

controll er’ 3510 Wi | nal to second hydr ogen val ve

mmnﬁ@ﬂ@@“ﬁbciﬁ@W@ﬁdéﬂmh@kﬁﬂﬁ@hwt@*ﬂﬁydﬁbgen into second
m xer 3480. React ed product 3506 exits reactor 3440
t hrough reactor outl et 3444. Reacted product 3446
EXAMPI®S into second split area 3540 through fourth
~ orifice 3542 where it is split into two flows,

refeet selepied digat thgseoup %ﬂetfﬁlem fractigns giillalss, r@Slé% é\@xes lubes,
o0, SAR AR L ReSHLRR 54 oA SENEL SR8 tben,
Appro:tlhiam]:;gbO(SS@F 45.66 inf) oéh)aﬁd@n ﬂﬁmjoe Irmdtadqm: baelpf dibseltfuel to

IS pu h rec 3560 bhefore Xin
make SpEQRCAPBINONELc T BBt ISREieeled SI9H] the S oFPropane, Rytans
pentan 1P SEREI I MRS ﬂl’@hﬁlab&‘l@se‘l SPGDOBreVidully?

I’evel controller for use in a down flow conti nuous
hydroprgagesied spickis et lkguibbatiosabeienty A tdvdarseactrrroperting at 620K outlet

desi t b he n r 4000, 0
temperg i SR 101 S22 e IR SEed R ot S G igifatdo accomplish
the desft@d Zeacidisl. an outl et orifice, 4044 The interior of
reactor 4000 is divided into two zones, an upper zone,
4020, containing gases 4025, and a significantly
Xﬁri r lower zone, 4030, containing catal yst bed 4060,
E———ég%%%sed of catalyst particles 4062, and |iquids 4035.

Lﬁev@ki seletiet @ldnemeég@&q) o fpettdRUm! Bactidhs) idadtillatde cresjds iilsf waxes,
iquids 4035 in | owner é£n$,4030 at a | evel above
il

lubes, P&&Pp&ta Igepiheydhen drasphali eheliEategat 63 Iiéfzsena%rﬁﬂﬁn
o iR BB AR gL SHELNE R BR800 Ve

must bs cdaetedtpier bérosl of daasphaltekieadl to elaakbcspemﬂctdmoprpmhmt. €The diluent is

selectegﬁnt L e e$‘§b$ 8@%}% E E)‘?eoe gf%@fﬁ} I n us"g@ﬁ%‘guﬁ)@s

naphthﬁ rtﬁeé%}' 'W?O ﬁx%of?)usﬁ%@%%foc@@@ stodk€ %F‘E&ﬁﬁﬁlaﬁ@ns"tﬁ&%@f A tubular
0, having an inlét orifice, 4242, and an out

reactorcnpefatme at 62014 outfdtdernperetureanddio ha eflth@ammle msaf&ﬂ 1 of

a.first.ca d, 4260 of ca
sutfe 30 PRVE G b ioRr CRTEER Taoa i fipdRk gmperatue
rise thioigiteqbactyed by a second catalyst bed 4320, conposed
of catal yst particles 4322. The portion of reactor

4200 | ocated between reactor inlet 4242 and m xer 4280
Xﬁyi vided into two zones, an upper zone, 4220,
E 26 é|n|ng gases 4225, and a significantly |arger

A continuous liquid phase hydroprocessing method and apparatus as described and

show herein.
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| oner zone, 4230, containing catal yst bed 4260 and
liquids 4235. Pressure controller 4250 is used to
woranoatiedssd t he pressure of gases 4225 in upper PONES2ER010639
at a predeterm ned pressure. Vent 4247 rel eases gases
EXAMPREN from upper zone 4220 at a predeterm ned constant

rate. Vent 4247 is regul ated by vent valve 4270. M xer

bg ;/dreal:ﬁfpﬁ%t?aw@%wfii mprovepcnt remprisinghe &g eemixing and/or
i A L e oy eR e TP o g By vtich
the hydregaii solpbildy seltigh deletiteatioytse oibf#d4320. The portion of

reactor 4200 | ocated between m xer 4280 and reactor

outlet 4244 is divided into two zones, an upper zone,
ExXAMPRFOs containing gases 4355, and a significantly

[arger |ower zone, 4360, containing catal yst bed 4320

g Hxiamplert 2iasvimreis sha solvanhor diluest is4gitotetl Srops g grenp of

i Bl aj f.. 4355 | 50,.
newey g e B RSP0, Dol BRI S aR ise
VGO, g:2bufly bydtoppsessed B ks 20 cabimatisredBéresfn ned const ant

rate. Vent 4307 is regulated by vent valve 4330. In
accordance with the present invention, deasphalting

EXQQ@'E’@NS i ncl ude propane, butanes, and/or pentanes.
r feed diluents include |ight hydrocarbons, 1ight

ditethxaimpleS abavephiidren thk feseis, s fpme thiequrstiyy of oil, petroleum

R M N R T

like. EXAMPLE 1 A feed selected fromthe group of
etroleumfractions, distillates, resids, waxes,

E&MJBM DAO, or fuels other than diesel fuel is
hydrotreated.at, 620K.t o renove sul fur _and nitrogen. .
A Gt T4 bhe adroprocs g meipd GOmPHYBR T Qebeypy blending a

feed witk adilechtpRturiiend @k daberttifesihixue withth n ahead of a reactor
speci fication product. The diluent is selected from

reacting fe fgeddiducst/hydropemmixtpieaitea cyfalysidndhe 1epejpt to saturate or remove
st RS 5007 AR AL, FIBRpL B3y Yo o
crackirigher eof . A tubul ar reactor operating at 620K outl et
tenperature with a 1/1 or 2/1 recycle to feed ratio at
65 or 95 bar is sufficient to acconplish the desired
EXAMPEacd i ons. EXAMPLE 2 A feed selected fromthe group of

— petroleumfractions, distillates, resids, oils, waxes,
| Theedxampl(Y aloovetwiteertin Kee whdter istkkpirat deasystuzl AfSA0-60D0 psi (3447

- DS P o PSR e D g2

nB8) of hydrogen nust be reacted per barrel of
deasghalted oil to make specification product. The

EX nt is selected fromthe group of propane, butane,
pﬁm%tﬁra}%ple! 8 %&ve%ﬁgrcc%gn%%glsng tﬂxela SC{Q}; 0 %u%}ﬂnlgltﬁ% feactor at

supercritical solution conditions so that there is no solubility limit.

EXAMPLE 10
The Example 9 above further comprising the step of removing heat from the reactor
effluent, separating the diluent from the reacted feed, and recycling the diluent to a point

upstream of the reactor.
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napht ha, diesel, VGO, previously hydroprocessed
stocks, or conbinations thereof. A tubular reactor
wWop@rabisay at 620K outl et tenperature and 80 bBCT/E1006/610639

recycle ratio of 2.5/1 is sufficient to provide all of
EXAMPhE Hydr ogen required and allow for a |less than ZOK

te rature rise throygh the reactor. EXAVMPLE 3

U Bt esSed B3 R S iea Coea s e o criglaed, or the
like pe@aeahqﬁmcaﬁmqﬁééamm &mﬁe Y BEL B BRXAMELE 4 In a

ydroproce33|ng met’hod, e | nprovenent conprising the

step of m xing and/or fI ashi ng the hydrogen and the

M@}?ﬁ be treated in the presence of a solvent or
t in which the hydrogen solubility is high
rietaatioy @edsél foh@sedhlthd @gFovddyitlieatind PR cEsITRhEprdsent

above wherein the solvent or diluent 1s sel ect ed from

inventipp, giclidss patalystia acptivedy Al tubgs epeninch (BOBem® digrasien meth an
3l 4 ght _di Sty
B e B LSy e B e MBI yihstand
pressurepobimntat abontsortlin 80@LHsi (EXEIMkIF)6 The Exanple 5 above
wherein the feed is selected fromthe group of oil,
petrol eum fraction, distillate, resid, diesel fuel,
ExAMPegsphal ted oil, waxes, |ubes, and the |ike. EXAVWPLE 7
A continuous liquid phase hydr opr ocessi ng net hod
éo ﬁ@ph\'gmtr@amheltmg@p@cew elghfe&mdimmgs af f-ewdnenrt loontacted with one

Volumenofl dF g tos\ﬁég'“ai)gﬁthlgg Arfgg E%? Li'x?é‘ tplltﬁg bl(q]tt@obrlrtg rél\cnovgnng the
solventffﬁﬁﬁl /tICB ded§iHaltby 671 PDAD) Theddeht/ W AD nilx $Esudhpetto 'aBpltoQﬁ'nately

tor to saturate or renove sul fur, nitrogen, oxyge
1000- 1%@ Bf’rl i §68%5r kP, 340Kk A end axixed wih hydogem |aewv<anatw9@msCF

(254 nf B Bl Rbr BIRE HAone A forg B SR8 ndiy 8000

approxinsitely 396K -620K andbnthéRdcR catflyffer Iaﬁioy’almmfap Qﬁrdg%h and
é) P?S kPa - 28 684 kPa). EXAMPLE 9 The Exanple 8 above

saturatipg Frpfist hﬁ@lr?fﬁ@t@géf& rtane ip FrcAyCTeH Gopsthetyfrograted

DAOb%f‘ﬁ{,ﬁféfhéﬁ%?h&??d%?&%ﬁfé%&% T thove

further conprisi ng the step of renDV| ng heat fromthe

ExAMPERGLC

At least one of the examples above including multi-stage reactors, wherein two or

more reactors are placed in series with the reactors configured in accordance with the present
invention and having the reactors being the same or different with respect to temperature,
pressure, catalyst, or the like, and/or multi-bed reactors, wherein two or more catalyst beds

are placed in a single reactor in accordance with the present invention.

EXAMPLE 15

Further to Example 14 above, using multi-stage reactors to produce specialty
products, waxes, lubes, and the like.

Briefly, hydrocracking is the breaking of carbon-carbon bonds and
hydroisomerization is the rearrangement of carbon-carbon bonds. Hydrodemetalization is the
removal of metals, usually from vacuum tower bottoms or deasphalted oil, to avoid catalyst

poisoning in cat crackers and hydrocrackers.
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effluent, separating the diluent fromthe reacted
feed, and recycling the diluent to a point upstream of
wo b@onexmet or . EXAMPLE | | A hydroprocessed, PCT/US2006/010639
hydr ot reat ed, hydrofini shed, hydrorefined,
hydr ocracked, or the |ike petrol eum product produced
Eﬁ one of the above described Exanples. EXAMPLE 12 A
E r vessel for use in the inproved hydrotreating
HREEaS e e R The it B IER el e 00O BT EIBLS eay By
per barwd] ol ganoib fged erd biended with two volumesef tfcyeled hydo¢rbckiedl product

. c.and with the reactor huil j an SS
(eituerf g Ao s hiplr e bays B aS B hET) M RERR I STe0
kPa). The Ry@&driQRl pleRrpPEsHAihaD2Pp&A6&S Sa tﬁilmo;ﬁékdéﬁﬁ&e@‘l and 40

n-butane are contacted with one vol ume of vacuum t ower
percentygpidonrs. After renoving the pitch but prior to

recovering the solvent fromthe deasphalted oil (DAO

the solvent/DAO m x is punped to approximtely
EXAME®1A500 psi (6895 kPa - 10, 342 kPa) and mi xed with

hydr ogen, .approxi mately ﬁ%o SCE (25.4 nB) H per barrel,

YAsRIEPMEHEAOR| HeiyrEed 9‘8?‘8&@}%1“& SOnFFes} RArREH, KK tsgnixed

with 20PBER S BBF) F DR O 1Rl S BERAK Pl e Dol fmerized
produchpodihient snd pdst@t oy dn sbnearinggatahyst HUS8ME(283.8° €Y ande2G0D psi

5754 0, S P e b LRl ERASEE Ve
one of the exanples above including nulti-stage

reactors, wherein two or nore reactors are placed in
EXAVBIB 8 with the reactors configured in accordance with

t-he esent i.nveption a havi ng .t he.reactors in

R BaRS Sl Py TR el e e b B0 PR BF B el R brended
with 150 8B .85 kPaf M) pé&tbarrel addnfixed kgth chRdoQrmédi febydd@demetaled

reactors ereln two or nore catal yst beds are pl aced

wh
product gndpasserhper peatalyst of 45038 65v06hard 1H00mst (6899 kBak nihe product
contaidddE .?cfl 1 EXANPLE 15 Further to Exanple 14 above,
usi n]gHrlm FiTe ag

e reactors to produce specialty
PEeaduallys FisoheteRropschbrefrs tankk produdtionenf pBraiffdd from carbon
hydrocracki ng_is the breaking of carbon-carbon_ bonds
mono%Wﬂ&@B £ andiHog systhesie 23sda pyihgaheascogtains CO,, CO, H,

i 13k hZ@kd1 9%, | Phd Wfthesis gas is th
ond is P Y o e AT AT PRy hEk B Bnd e gos i then
reactedovel epspfiat dtalgsto kd prothacesspecific patdaktsst poi soning i n cat

thaeclk‘(lgcrhser-%gpsc g}rrrg e[s1asc1l§ %esf)ro uc'%/igrl'l %f llxgdrocarbons, almost exclusively
paraffins, from CO and H; over a supported metal catalyst. The classic Fischer-Tropsch

catalyst is iron; however other metal catalysts are also used.

Synthesis gas can and is used to produce other chemicals as well, primarily alcohols,
although these are not Fischer-Tropsch reactions. The technology of the present invention
can be used for any catalytic process where one or more components must be transferred

from the gas phase to the liquid phase for reaction on the catalyst surface.

EXAMPLE 19

A two stage hydroprocessing method, wherein the first stage is operated at conditions

sufficient for removal of sulfur, nitrogen, oxygen and the like [620K, 100 psi (689 kPa)],

35



10

15

20

25

30

Hydr ocracki ng: A volunme of vacuumgas oil is m xed
with 1000 SCF (6895 kPa) H2 per barrel of gas oil feed
war@ohbdmaded with two vol unes of recycl ed hydrpcr/asioee010639
product (diluent) and passed over a hydrocracking
after whRhahy/ sdntahindb@PhS( RO Ghd avattr 2G8mpsed 43 std8ndk Hage reactor is
The hydrocracked_product contained 20 percent naphtha,
then Owt%?téeﬁém@fl%§1€ﬁ°1§HHfOA6r°§&Ue SALAeRi . EXAMPLE 17
Hydr oi someri zati on: A volune of feed containing 80
percent paraffin wax is mxed with 200 SCF (5. 66 nB)
EXAMEZF2d barrel of feed and bl ended wi th one vol une of

TS el By B tired s S10aR385 e HR58 pigiion o
hydrog(eﬁ%a?%% lhE’ﬁamdgT éwov 18 94REd #EH 1Y IASIenldBS (% BBrc R GHtacted
an a of

with a Fhﬁdh@dlérﬁmcétl catedyst &f.thmssméheaw@f bydtpé@éozc @hﬁr@lpaiis ng 80
ppmtotal nmetals is blended with 150 SCF (4.25 kPa) H2
per barrel and m xed wi th one vol une of recycled

EXAMIgIRE2 BRI ed product and passed over a catal yst of 45Q0F
(232C) and 1000 p (6895 kPa). The product caqntai ned

3hedwpeest af reﬁ%@%qnsat IeashneLithe examplasaboys, sesn fgraiagtity of
r [
the hqﬁgg é@%ﬁﬁ%&fgﬁ%ﬁaﬁg{tﬁ% iidd RS ré‘aEfBFlch%HBﬁed;@r &ﬁ 1881 of the

or synthesis gas) esi s
liquid fead/ddoertt Ay DR ixIO6; artdreantetl fignig feed(dilsentfirydngeamiiztise in the

oS OUr ces, primarily coal or natural gas. The synthesis
reactolyas is then reacted over specific catalysts to produce

SPRCEVE] 6 f Bl HidsSin tHORabtbS NIt abo9® Efehos BHiHRREtaPyst Bed in the
the production of hydrocarbons, alnost exclusively

reactoquancpmﬁ)ged by ataveizantigllpre Aw/tbe lwelsq’fﬁpg higwids ipthglreactor rises or
I cl h h
e X R R

respecBydly, 1R leveDeFth€ Huids ¢h 1hs réssM. t 0 produce ot her

chem cals as well, primarily al cohols, although these

are not Fischer- Tropsch reactions. The technol ogy of
EXAMPBIS: p5 esent invention can be used for any catal ytic
= process where one or nore conponents nust be

t Tleembedss edrdeitedrin zitéeagamqﬁfah@emmﬁldfseablowquv}cbrﬁh dlsequfantity of

. reactjon on the catal surface. EXAVPLE 19 A _two
the hqglé?fa@ ﬁﬁw@@%eawn@ %(Mﬂe RRGRE P PFBIF b fhegyregggare of the
excess/HyAREH Bheshath ORE hga@@ab&ygésegaﬁﬁé tdpQif thereay@dt. Of

ni trogen, en and t he [ 620K, 100 psi
(BisOpreRald Qﬂ’:tht gasewhi ibh tdz}hd tboreashor rsdmlcktom@ecmlea peaselre

e.re ved ond a ct 1,S .1
oDPronS3us af B OO APP LGNS TR FEPERES oGl Giny fesied produc
specifit@idHs alsARe ples MM bEhd Gases at the top of the reactor increases or decreases,
the amount of hydrogen added to the feed/diluent mixture is adjusted to decrease or increase,

respectively, the pressure of the gases at the top of the reactor.

In accordance with the present invention, an improved hydroprocessing,
hydrotreating, hydrofinishing, hydrorefining, and/or hydrocracking process provides for the
removal of impurities from lube oils and waxes at a relatively low pressure and with a
minimum amount of catalyst by reducing or eliminating the need to force hydrogen into
solution by pressure in the reactor vessel and by increasing the solubility for hydrogen by

adding a diluent or a solvent or choice of diluent or solvent. For example, a diluent for a
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The process as recited in at | east one of the exanples
above, wherein in addition to hydrogen, carbon
woreeweAddes (CO) is mxed with the hydrogen and PeEUS2006/010639
m xture is contacted with a Fischer-Tropsch catal yst
heavy wtris tisscl fyelahé aidsluedt foyalligiaanbispentaner Mk&veﬁ)éﬂdl@hﬁm%
1 The. process as recited in | east one OE
pentan@%ﬁﬁﬂ%@t 6 \F80 aghgyhigh soly 131% r.gpingfae pxoa@ﬁs&fthe
presenf ﬁl@gﬂtfynl SEN LI eHT98 ﬁ{br?}}fé;lér 1&1ﬁ§1hgt?ic tBGuifeRRht 8 hydfogen in
controlfed by the leve [ the lrquid
solutlohe édéajibly uehzmgym ogerss i fiteunresentidvendng: et ¢einqaa1u:be cost of the

eed/ di | ent/hydr t he reac
pressuje sl ppd TP ERARRE FhaftbGadiPRetb R e e ot
Furthet cu@r WBillizingeh € ploat Dif tHSsteddnt inlentidR26hOMaRrBE aPRAG bRMAfhte the
by a level controller. As the | evel of the [iquids in
need forpchydsegenaecycloosnmesspal | s, the anmount of hydr ogen

aﬂféﬁcﬂ.lgh(?hé é}e cés@ ?ﬁfje é}rgseeﬂ{ lﬁl%lfﬁ ol %.n 'b? ?ﬁk&fﬁec%n{r&t ekl

or rairse, spec eve urdsn

equiprhdig fcﬁr&@ﬁfdpﬁoce@mgm’iy&roz&aﬂﬁg h@dmﬁﬁ&mngﬁhycﬁcteﬁﬁﬁlgl andatr
Ieast one of %he exanpl es above, MhereIEWWQ %uantlty
hydrocgackinge opg Eﬂ!ﬁ aghicye dheamsciey belter e husing SAWEMeRk
I I
reacto e%ﬁfrg% neon %agrs]& 1 érﬁlﬁth@ gﬁ%ﬂﬁ bgﬁ% gglrg tg ﬁlﬁf; tgg g?ocgé(sceﬁsfiower
pressutep pndior febeclingaolvent, dilhmt,ﬂt}{elmgen,eorcm ldakien gation ofithetpinaviously
actor is held to a specified pressure

hydr"piﬁ%ﬁ%eﬂrsiﬁ%gé’r ot he particular application, with

' W3R ee ihPertidf hhal Bgenadlh@W‘hriﬁ oﬂ@%frﬁ%f s Q&% it should be apparent
speci fications. )ressure_of the gases at the

to thOStecsblﬂ@fl in the arteth@ttlbts noh eqv sfe@ bk 1@@@@9@@1@@ vmh@lsaﬂmgqs and

ed |Iuen tur

modif i LI BAARE A Gn B OL B PR KbeHiphSy s

appropRia@Sthu the ppened glaﬁﬂé:‘obeaéonbﬂi’r@ed @Padly abdh 4 BRABARcondiftent with
accgrdance with the present invention, an inproved

the scqpp@f s B¥@SORNg, hydrotreating, hydrof m shing,
hydr oref m ng, and/or hydrocracki ng process provides
for the renoval of inpurities fromlube oils and waxes
at arelatively |ow pressure and with a m ni nrum anount
of catalyst by reducing or elimnating the need to
force hydrogen into solution by pressure in the
reactor vessel and by increasing the solubility for
hydr ogen by adding a diluent or a solvent or choice of
di l uent or solvent. For exanple, a diluent for aheavy
cut is diesel fuel and a diluent for a light cut is
pent ane. Moreover, while using pentane as a dil uent,
one can achi eve high solubility. Further, using the
process of the present invention, one can achi eve nore
than a stoichionetric requirenent of hydrogen in
solution. Also, by utilizing the process of the
present invention, one can reduce cost of the pressure
vessel and can use catalyst in small tubes in the
reactor and thereby reduce cost.
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Further, by utilizing the process of the present
i nvention, one nay be able to elimnate the need for a
why@eagssd recycl e conpressor. Al t hough the proRPeEESTNG/010639
the present invention can be utilized in conventiona
CLAI®Igui pent for hydroprocessing, hydrotreating,
hydrof m shing, hydrorefining and/or hydrocracking, one
We clgigh achi eve the same or a better result using | ower
cost equi pnent, reactors, hydrogen conpressors, and
the like by being able to run the process at a | ower
1. A cpnmmus Hquidphaser hydeeproddssigg swihodnisingrhi feacton gt apradedererined

empeigg gt R P00 P e e S Yol SRE
substa@tﬁumyl ToRfer béife dfydFogeh dis§H10ed B PRiIHRRITH gtud% @uﬁ‘&ﬁﬂﬁlg a

skilled in the art that it is not solimte but is

catalyst, wkesehyl widliqudyminisies Tueungess mraidmradstersunedbiemperature,
rting fromthe scope of the invention.

comp%%%ﬂﬂy&ﬂ%ﬁﬁg is appropriate that the appended
clapblending aqumﬁi fet® habingardoyitatiarit dr aoﬂt&ﬂﬁﬁhtswlasleﬁﬁt@ﬁb of
with the scope of the invention. CLAINS W claim 1,
confifige usnﬂw@m@%% 81913)3288 cowbnaion theiebaviihst h@ulé
reah@entdd fdnd &Qﬁgﬁﬁﬂl gﬁm ﬁflﬁ'érﬂff@edqﬂfx?ﬂg st eady
state operation and havi n upper zone of gases and
a(b3 bleadingtshidl dlljaehuéﬁegcbmnttomamﬂzbyrho gefn, hyanlcmgtmt pressure

di ssol.ved in 1 Xfure of UIdS rou n

cat BNy ETmeRaen) St fatog b oier ons
in gﬁmﬂhgkﬁg@%ﬁ%ggmﬂﬁiu&@nperature conprising the
steps of: (a) blending a liquid feed, having a

cehminvidneing sad com‘fmwms Hauitdphase faed/fidemt/hydrogaf medinfeinto the
mtrgaggr oxygen, netals, and conbi nations thereof,
wit A O|1qU|d diluent to forma continuous |iquid

?S@cdﬁé tlﬁrﬂ:écf/ﬁﬁiénﬂhyﬂrb'%& mix)re bt @BALHE S@id the catalyst in the
diluent/feed m xture wt ydr oge in a constant

pr e $eAGHE te Fﬁﬂl‘?"@r?ﬁ@rﬂont%@ﬂﬁ Op £ON %h@ma@ﬁcff@a thegfepdypyityre to form

conty JYIous 1hﬁH' &cB%%c{%%ﬁ% y sah# Iﬁgfd(l %ﬁgﬁfgg)ggrﬂ&ﬁaws%lth said

(c) introducing sal

f eedéadtdduepmid hrywauganelm@dﬁqmde niixtuee fohaingeagiaatity dfdjquid in the
reacting the feed/dil uent/hﬁdro en m xture at the

act freastarite thepgbypavide p sheymplly plablsandsgact or to renove

S%b ?oﬂ%ﬁ{‘ﬁ h@%ﬂ&ntﬁg fﬂgﬁﬂmﬂ‘tﬁg}éﬁo‘iﬁg‘g&%ﬁtgﬁﬁg g%i@qg%fgiﬁ of

ormt e reacte excess h
I [ ghtquﬂsdnth;«dxmmghmdegamsg thetghargty of hpdrogedadded un step b; and
Ld enteri n%‘omﬁllu' d mxture formng a quantity of

meﬁtn?ghextCﬁ%s gas e reactor.

2. The method of claim 1 wherein:
the method of controlling the quantity of liquid in the reactor is based on the level of said

liquid inside the reactor.
3. The method of claim 1 wherein:

the method of controlling said quantity of liquid in the reactor is based on the pressure of

the gases inside the reactor.
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10.

11.

12.

13.

reactor to thereby provide a thermally stable nass;

(e) controlling the quantity of liquids in the reactor
whgooenessori ng said quantity of |iquids and i nPCPESI006010639

or decreasing the quantity of hydrogen added in step

ThdnetBbd of Elhiny eRitepgnexcess gas fromthe reactor. 2. The
nmet hod of claim 1 wherein: the nethod of controlling

thet faed/dilizant/hydrogen mixjuiedesds inthdhe waof die reactptased on t he
| evel of said liquid inside the reactor. 3. The nethod
of claim1l wherein: the nmethod of controlling said

. Themathbd by clafm lliveherelni N t he reactor i s based on the

pressure of the gases jnside the reactor.4. The mnethod
thegeed/fifyent/hydpasnmpxturefgedsdpig/thg beftom phPareasks: mi xt ur e
feeds into the top of the reactor. 5. The nethod of
claim1l wherein: the feed/diluent/hydrogen m xture
Thd meiltod amimocleine ] wdteteim of t he reactor. 6. The nethod as
inclaiml wherein, the vent.rate i.s set to control
the ¥ iy FABHOGORTP e PRIRD ATHiEPhE SR B9 The et hod
of claim1l wherein: the solvent or diluent is selected
fromthe group of heavy naphtha, propane, butane,
Thometbad ef clingAtwheyeinocar bons, 1ight distillates,
n a e A [ evi e d
g P D gL G T tetsti nBhl e e AU RBPREERIHgp, butane
petithid, Mght hiesirbons] hightldetitiates, rophthat diekef, GO} frevigusisp
of oil, petroleumfraction, distillate, resid, diesel
hyfigarocesed sioRks 08 0Bbmatighgibereot ybes, and special ty
products. 9. The nethod of claim1l wherein: the
catalyst is selected fromthe group of catal yst

. Themethiod lo§slairhdtwlareinspheri cal , cylindrical, tril obe,

thoPREY Fefat e 5 1P ok B RoIeVRH B Gt esid, diesl el
defphhikedSdiP9RxBY, PORS SarkdShBGalfy HiBkGS Of two or nore

reactors. 11. The nethod of" claim1 wherein: multiple
reactors, or multiple bed reactors, are used to at

| east .one, of .rempove sul fur, nitrogen, oxygen, netals,
Th%’??ﬁ&’@f}r?&:f:ﬁgflilo‘ﬁ 'Pfer eof , saturate aromatics, or

the @RISR I8 @Edd REmMWEE Sldtip of catalyst particles that are spherical, cylindrical,

trilobe, quadralobe, or combinations or variants thereof.

The method of claim 1 wherein:

the method is a multi-stage process using a series of two or more reactors.

The method of claim 1 wherein:
multiple reactors, or multiple bed reactors, are used to at least one of remove sulfur,
nitrogen, oxygen, metals, and combinations thereof, saturate aromatics, or reduce

molecular weight.

The method of claim 1 wherein:

the liquids surrounding said catalyst are substantially isothermal.

The method of claim 1 wherein:
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12. The nmethod of claim 1l wherein: the |iquids
surroundi ng said catal yst are substantially

w0 s@bhessal . 13. The nethod of claim1 wherei nPEHUS2006/010639
step of nonitoring said quantity of |iquids includes

sailBEP Df hvhitolng 504 igaghtith of ligued includsaindadsi fokindgitbring fhe level of
lower zone of the reactor. 14. The nethod of claim1l

saigiignidp i thedowerszams obthergratetor i ng said quantity of
l'iquids includes nmeans for nonitoring the pressure of
said gases in the upper zone of the reactor. 15. The

14. Theedetlod offclatinalil whdreidher ei n: the tenperature of the

liquidin.the reactor.is i.ntaiped by controllin ne
saig ok FRegitotiRg ST ATy oF DO Bataey T bou e 6
présgird | ofbdid ghlids 48 He-uphbr zohe 0 BRIrSActdOr @ conti nuous
i qui d phase hydroprocessi ng system wherein |iquids
react with hydrogen dissolved in the liquids at the
act i.v ite catalyst to formreacted |iquids,
15'Th&?&%}%ogl#ycgar%lgi;‘ﬁ%araeglﬁ and |ight end hydrocarbon gases

theeghpetiie bf theilidgidiaiché teaodt IsymsairRdby cohitblling @ne or both of the
fluctuations in the tenperature of the reactor,
terappppTesqfisgid liqnd feed and said Hgyidelilugnt: op and a bott om
(b) a catal yst bed containing catal yst particles which
fill a maority of said vessel; (c) inlet to allow a
16. A rdaxtotifor a@bntimepus disjuisi pHasdiyytiregrecessiing spdtoragwhéreindiquidsareact

.ent i d. l;..(d .zone adapted t
wif rhgé@gil %#%@Ei@ t&%i@l%? akPaacts sepbace afYSt @? fogm reacted
ighidaLl15kkgkeh 364 hd Wbl iUk OMn 3UARUAH s iguids

t enporari ouse |1 quids, surrounding said catalyst
adigignallysieries to anidinyizs Slektuaiiéns inthedampeatire ofifhie seactaxi cbmprising:
g act ed %i ui d toq_“ﬁxit g)f .said vessel; (g) a control
asé‘tVSFﬁel Avine 4,9P 2 DRTRMEi ty of the liquids in the
1SatalRY bédediRAfindGatlystpaticies WARhif1Pa AR 096aid vessel;
hydr ogen added to said |liquids; (h) a vent to allow
géinde‘retg edew dpivteged ligaisls anth hydragen dipgelved therein to enter said
hy%sgglar bon gases to | eave said vessel through said
top;"ahd (i) a valve to adjust the amobunt of gas
(Damivpgersing algssEto empotragily Baisel gy@BinsidesaidWegsdleact or

of claim 16 wherein; the fluid enters the _reactor from
{ne subysansfally prothamablower goneraapted 4¢ tegppoprily hapsp lignds,

g’?@@ﬁdt&ﬂi&é&gl}({ éégél%]t%%& SRl A Je?&?-t or fromthe bottom

e ve he reactor of Claim 16 wherein:
(f) an outlet to allow said reacted liquid to exit of said vessel;

(g) a control system to adjust the quantity of the liquids in the vessel by increasing or
decreasing the amount of hydrogen added to said liquids;

(h) a vent to allow said excess hydrogen gas and said light end hydrocarbon gases to
leave said vessel through said top; and

(1) a valve to adjust the amount of gas leaving said vessel through said vent.

17. The reactor of claim 16 wherein:

the fluid enters the reactor from the top of the vessel.

18. The reactor of claim 16 wherein:

the fluid enters the reactor from the bottom of the vessel.
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the catal yst particles are spherical, cylindrical,
tril obe, quadral obe, or conbinations or variants
wo b@caafs34 20. The reactor of claim 16 wherei n: P€TES2006/010639
quantity of the liquids in the reactor is adjusted by
19. The pattoobf ¢laign 1hevhemwel of the liquid in the | ower zone

of the reactor 1. The reactqr. of cla 16 wher.ei n
thqca@lsehaaﬂlplﬁw&fspﬁwaﬂ,.c ﬁp@yaf ﬁﬂ{OH g@i ?rscoalﬁq%wa or
varhtC@RBhp! | i ng the pressure of the gases in the upper

zone of the reactor. 22. The reactor of claim16

wherein: the quantity of the liquids in the reactor is
i ncreas b ecreasing the amount of hydrogen
20. Th?FﬁaP@Hﬂgglal“%/ﬁgg’%gﬁeﬂ% m xture of |iquids before
the @Rty HEtht Mguide € trRefreactst-is 4djEste@BY E@{trdmﬁn%ﬂhé &%l 6f the liquid in
wherein: the quantity of the liquids in the reactor is

thedeweizene @f Bif IF#dPTeasi ng the amount of hydrogen
introduced into said mxture of |iquids before
entering the reactor. 24. A control systemfor a
21. Tkm&eidtcbrlufwmiﬂnilqimhbrmlnase hydr opr ocessi ng reactor havi ng

an upper. zone ) ses and sub tanti
the A e g indheesagir o yaﬁoegt?llém%l%e préssurc of the

gaé“egmhle Rggfzogg))fgfgrb%rcator Iocat ed on said reactor;

for sensing the quantity of liquid in said
reactor (c) an indicator reading obtained fromsaid

sens'n ans; means for converting said indicator
22. Th?é%aoﬁgf%“%ia%h’étor signal; (e) a computer to
the faRIitYFIa 1qiqu1d§1mq9é Rlactdt mﬁéreas(e& b%rrﬂ@él@%lﬁgﬂle amount of
transmtting the indicator S|lg 0 sai d conputer;

hydrgpemingroflectdintopspisignininre of lineids pefere engring thelreagtosr
si gnal and make adjustnents based on said indicator
signal; (h) nmeans for converting said adjustnents to

23. Thai’eaafdujrus&liﬁﬂtl6sﬂg:rah (i) means for transmitting said
adj ust nent signal ; drogen caontrol valve, |ocat ed

the fyephityhth %qﬁlé%m&h? ée&e&oa ¥s degpraead bydpersesing s ampyghef
hy{ﬁfotgéﬁ/ &%H&&dgﬂﬂﬁgg% dﬂh&m@ of ﬁa&lh%efli;?eeé?nerfﬁg) é}@‘&)rf or

erpreting ustment “signal  at sa| rogen
control valve; and (1) means for adjusting said

24. A R E SRt RSB OB Lo Ry B o aPFR S THisGrdding an upper
zone of gases and a substantially larger lower zone of liquids surrounding a catalyst,
comprising:

(a) an indicator located on said reactor;

(b) means for sensing the quantity of liquid in said reactor;

(c) an indicator reading obtained from said sensing means;

(d) means for converting said indicator reading to an indicator signal;

(e) a computer to receive said indicator signal;

(f) means for transmitting the indicator signal to said computer;

(g) a software program to interpret said indicator signal and make adjustments based on
said indicator signal;

(h) means for converting said adjustments to an adjustment signal;

(i) means for transmitting said adjustment signal;
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the indicator on the reactor is a liquid |evel
i ndicator. 26. The control system of claim 24 wherein:

WO b@eitmdBLat or on the reactor is a gas pressurBCT/US2006/010639
indicator. 27. A continuous liquid phase
Gy4hRRs gpesatroDv4red, hatdtedips@geatn fomodant reaétol which adjusts the
predeterm ned tenperature durin teady state
op@ﬁ@%ﬂtowfélﬁér%ﬁvg?ﬂ&gé‘?foﬁﬂﬁﬁorzfg‘ﬁg of gases and a

r .

SRR Sty B QB0 B I A0ED S RAPLAAE o
(W ercatwy fos aiphstingsai diBydro gemdontrol Yaked beatd onsaid antexpireting means.
predeterm ned tenperature, conprising the steps of:
(a) blending a liquid feed, having a contam nant or

25. The estilispaahorefaidtalvaaséinone of sul fur, nitrogen,
oxygen, netals, and conbinations thereof, wth a

thel indigatdr o thegnactews pdigriddevdmdieaiorus | i qui d phase
di luent/feed m xture; (b) blending said diluent/feed
m xture wth hydrogen, in a constant pressure
26. The ByhttsdRYREeM, of 2h@@ad40fhertia: reactor to forma conti nuous
liquid phase feed/dil uent/hydrogen m xture; (c)
the indicaigren Hig eagter 18 31205 AiFsw4e Ind4aid. phase
feed/ diluent/hydrogen m xture into the reactor; (d)
reacting the feed/diluent/hydrogen m xture at the
27. Aaohtinveus liteidghasdieydeairadegsing nethddensingzcteactot @ arppadai@mined
sai d contam pant or conta 'ﬂants fromthe feed mxture
tempegagire dpiing Hgadyesiae gaerﬁﬁl%?rgi aVEe L UPRAIFBRH A
substahti ) 1aQRH1WE Z8EA6 R (R Abss¥ivEd SRtk tiRAF I RMidsIsBtbhding a
and "sai'd entering li'quid m xture formng a quantity of
catalydtj wéreby seid Heuide sdnionze Budthasionb in saibpiedeicmminpétomierajure,
staQbe %ass; (e) controlling the pressure of said
comprbsg% ef p%ﬂ% reactor by nonitoring said gas pressure

afyl bieAgmgadidued Rled ARSTRASEOMhniiRSnt G dbthinina@ts dTE agRhe of
added in step b; and ( venting excess gas fromthe

r eadHsRL, 28 nitigenetyBer redtals) adpembingtiensthgreof, eth a liquid

f eedi.di | t/ n_ . Xt f | t op of
t he PRk IE Rl ORIl bR 3G B inbiliet 0P D1
f @3 Bleaitlingeaid dijdnoied mixtstemwith hgdrdged, i ® codveand ptdsaure of

the reactor. 30. The method as in claim27 wherein:
t he SP¥ReNIRERtcaliead gbtherenciqyie fosm 8 sntiBuPR PG Phaseght

ends.d ; The net hod of claim 27
whe ff%élcﬂc:iﬁd%ﬁt/ﬁycﬁ{) EJH m&]fure,

(c) introducing said continuous liquid phase feed/diluent/hydrogen mixture into the

reactor;

(d) reacting the feed/diluent/hydrogen mixture at the active site of the catalyst in the
reactor to remove said contaminant or contaminants from the feed mixture to form
the reacted liquid, excess hydrogen gas, and light end hydrocarbon gases with said
reacted liquid and said entering liquid mixture forming a quantity of liquid in the
reactor to thereby provide a thermally stable mass;

(e) controlling the pressure of said gases in the reactor by monitoring said gas
pressure and increasing or decreasing the quantity of hydrogen added in step b;
and

(f) venting excess gas from the reactor.
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the solvent or diluent is selected fromthe group of
heavy napht ha, propane, butane, pentane, |ight
whyasaemsbons, |[ight distillates, naphtha, di eBel/USMEN10639
previ ously hydroprocessed stocks, or conbinations
28. THehesthed of 32Zim Theherihod of claim 27 wherein: the feed
is selected fromthe group of oil, petroleumfraction,
thecfpa/dilyeat/Bydrpge ral,lxtaqe%%@s nytp e top A dhsrargterd oi |,
waxes, |ubes, and specialty products. 33. The nethod
of claim 27 wherein: the catalyst is selected fromthe
29. Thgrmethoddf daialy sthepdn:t i cl es t hat are spherical,

cyljndrical, trilobe, guadralobe, or nmbi nati ons or
theyfhed/ difient/Ryip et midute 93S THREHORPHSM &} BE RS Pruher e n:
the nethod is a nmulti-stage process using a series of
two or nore reactors. 35. The nethod of claim 27
30. Thetmeetbodhas imelaimp? Ewhersit ors, or nultipl e bed reactors,
ar e ed t Of o4 ve.sul fur. nitrogen,
e AR ok laRbrt SR oS ieBl B ikt sbiemby o abe
aromati cs, or reduce nol ecul ar weight. 36. The nethod

of claim 27 wherein:; the |iquids surrounding said
31. Theanehgdef elpign GBI al | y i sot hermal . 37. The net hod
e ] . )
R R e e L R
petand] lighidesirocaridmg, ligipdistilaes naphthhelieseh 34@0D, préGiousiie
nmet hod of claim 27 wherein: the tenperature of the
hygropiacessedh stoplss PEsRmbBmatias Bsreitai ned by control Iing one
or both of the tenperature of said liquid feed and
said liquid diluent. 39. Areactor for a continuous
32. Thd methad phHelgim By avhepimcessi ng system wherein |iquids

react wt drggen di sso] ved ,in the.liqgui at the.
e E5¢ 5stlepioa B S8CHo i G381 b5 oot PEien, APtig sl Siesel fucl
deRPRARR I YaQ6E a8 Sandapetisltyghtbdedd hydrocarbon gases
and said liquids additionally serve to m nimze
fluctuations in the tenperature of the reactor,
0 LSLAG: . sel having a top and a bottom
33. T‘f%‘i%&‘@gfa %?)’B@S}[‘%@m ai ning catal yst particles which
thef dakdly= i@ e@tdd! Yorafthsgiotp vessallst pagtjcldsnhattard sphatitaly¢ydindrical,
mxture of liquids wth hydrogen dissolved therein to
trilohe. cpuadiglape,combingtions grvasspisthaeefe adapted to
tenporarily house gases inside said vessel;

34, The method of claim 27 wherein:

the method is a multi-stage process using a series of two or more reactors.

35. The method of claim 27 wherein:
multiple reactors, or multiple bed reactors, are used to at least one of remove sulfur,
nitrogen, oxygen, metals, and combinations thereof, saturate aromatics, or reduce

molecular weight.

36. The method of claim 27 wherein:

the liquids surrounding said catalyst are substantially isothermal.
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(e) a substantially isothermal | ower zone adapted to
tenporarily house |iquids, surrounding said catalyst
whewdositmssde said vessel; (f) an outlet to all oRCEHERINNG/010639
reacted liquid to exit of said vessel; (g) a control
37. The yetlexh df oladielj A7swhdrki@: pr essure of the gases in the

.ﬁessel b%. i ncr eaai ngpor decreasi ng the anount of
salf) SiEP O BINHARRISHE SRKPTESIU i ydes pRgnsdonmAniteringthp ppssure of
Saiﬁ%hgis%ﬁﬁgﬁp&yﬂfng%?m&‘ééct@ﬁd said light end

ydrocarb gases to |l eave said vessel through said
top; and (i) a valve to adjust the anount of gas

| eayi .d yessel. through said vent. 40. The reactor

38. Th%f“%‘?"ﬁ?ﬁ%@“\&\?z‘?@?fﬁm-the fluid enters the reactor from
theltB@pEr@Rir®bf th ¢iqURSIBhe reddtor iEhgrihRmed 8 cBhtrOliRl Bhd8r both of the

wherein: the fluid enters the reactor fromthe bottom

tenpreratiye of éaiddiquirbfeed ped saddigwd ddpendl ai m 39 wherein: the
catal yst particles are spherical, cylindrical,
tril obe, quadral obe, or conbinations or variants
39. A tiehetoefof a cd@inubhe ligeidghase 10fdreredestindg s ydhan aiisreinRiuids react

.@rﬁglaure f the gages, in the reactor Is adi usted by
Witgo Y H19BFY Aigsalked Idhe fiagds etfbe petiygiste pha enalysidadprmz sapeted
; t 1 r j redn:
o st B 0%y st and IR Bocbof Tl i Rh L
addstiomadlytseiyieltd mgninkiee fingtvatioms infhettiérapayatsesof the tdnetonpeiprising:
éﬁne of ﬁhe react or.. 4%_? The reactor of claim 39
\ AVESHL atVH@aptrogfgﬂra_é’o M he gases in the reactor is
(b)) & cEABACbIACoNRERIBS SAAT ST SRt ASDONMREh Gl AWAHPGEOF said vessel;
I ntroduced into sard mxture of liquids befdre
Ehinddtitmallow e mighue of liquids with bydregen dissadfedcthaiein ®%nter said

wherein: the pressure of the gases in the reactor is
decreased by increasing the anount of hydrogen

(dntuti oshiee @ond MtaPtesictd Geriporhutillyhodbe ddseiingide BAFHLEsel;

(%{1; S\ibls’lt’]a%tigl?ye is{)ﬁlae%glrlbwer zone adapted to temporarily house liquids,
surrounding said catalyst bed inside said vessel;

() an outlet to allow said reacted liquid to exit of said vessel;

() a control system to adjust the pressure of the gases in the vessel by increasing or
decreasing the amount of hydrogen added to said liquids;

(h) a vent to allow said excess hydrogen gas and said light end hydrocarbon gases to
leave said vessel through said top; and

(i) a valve to adjust the amount of gas leaving said vessel through said vent.

40. The reactor of claim 39 wherein:

the fluid enters the reactor from the top of the vessel.

41, The reactor of claim 39 wherein:

the fluid enters the reactor from the bottom of the vessel.
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42. The reactor of claim 39 wherein:
the catalyst particles are spherical, cylindrical, trilobe, quadralobe, or combinations or

variants thereof.

43, The reactor of claim 39 wherein:
the pressure of the gases in the reactor is adjusted by controlling the level of the liquid in

the lower zone of the reactor.

44. The reactor of claim 39 wherein:
the pressure of the gases in the reactor is adjusted by controlling the pressure of the gases

in the upper zone of the reactor.

45, The reactor of claim 39 wherein:
the pressure of the gases in the reactor is increased by decreasing the amount of hydrogen

introduced into said mixture of liquids before entering the reactor.
46. The reactor of claim 39 wherein:

the pressure of the gases in the reactor is decreased by increasing the amount of hydrogen

introduced into said mixture of liquids before entering the reactor.
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