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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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formation may be substantially or completely eliminated. Kubo ‘168 requires a cracking
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formati on may be subst antially or conpletely
el imnated. Kubo "168 requires a cracking 2 WO
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rocess has been devel oped wherein the 20 need to
methylafilg ggear b

_ e hydrogen as through the catalyst is.
el'imnated. This is acconplished by m xing and/or
flashl ng the hydrogen and the oil to be treated in

2 a1y : di luent in V\hlchthe
relative .to the.o

drogen sol.ut h
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‘need toldiRuiayii g%s'ﬂﬁo gimtelcemaysi heliniBfedNdhAaTPonPlished by -
as

di | uent ad we as the reactor conditions cCan
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reactors (see FIGS. 1, 2 and 3). The continuous liquid phase reactors provide more conirol
over the reactor temperature, virtually eliminate catalyst coking, reduce light end
hydrocarbon production and can make the system safer. '

The present disclosure is also directed to hydrocrackjng_, hydroisomerization,

hydrodemetalization, and the like. As described above, hydrogen gas is mixed and/or flashed
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hydrocarbons in a continuous liquid phase hydroprocessing system by Venting excess gas at

a constant rate directly from the top of the reactor.
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B e

excéhs ags AonGhe featf®0 BPSD hydroprocessing wunit; FlIGURE
6 is a schematic of a down fl ow reactor system where
the quantity of liquid in the reactor is controlled
by the level of the liquid in the reactor; 10 Fl GURE
7 is a schematic of a down flow reactor system where
the quantity of liquid in the reactor is controlled
by the pressure of the gases in the reactor; FIGURE 8
is a schematic of an up flow reactor system where the
quantity of liquid in the reactor is controlled by
the level of the liquid in the reactor; FIGURE 9 is a
schematic of an up flow reactor system where the
guantity of liquid in 15 the reactor is controlled
by the pressure of the gases in the reactor;
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FI GURE 107is a schematic of a down flow two reactor

system where the quantity of 1liquid in the reactor
1S €O Iled by the level of the liquid int
Wlloezé)ﬁ?%obﬁ,gﬁlzl GURE 11 is a schematic of .a down flrllg%r/y%osmmﬁsg
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= ressure of the gases in
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of the gases in the reactor, FIGURE 14 is a schematic -
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m_n’ reactor is controlled by the level of the liquid in
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singl e reactor s%ﬁstem W th twp catalyst beds where
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b r. ~ of [ ; : P
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the reﬁgpiy%%ﬁ@ﬁgﬁfﬁevalo%%ﬁd HFth@ réfhgimatic of an up
no cto t

BRIE]

w'singlere r system two catal yst beds L
WREGGRE 96is q wahimdiiy offan ipdlawdreactot bystene swdiens thie sjuantity of liquid in
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tho reqeii ot etobpRDRE RSSO SO E IO i ngl o bed,
OEREURE QW if & 8Gelatitidr cﬁlvd,n' A4 Bvd RYSlor syt MR TR lquantity of

for use in a continuous |iquid phase hydroprocessing
liquid i theesstoranchrftcBoRby 18 levelofshh bauid i thefreactomil t i - bed,

R 525 e SR G268 R G Sl e cvaniyof
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process where the néed to circutate hydrogen gas or _
hEIGURE 12épaschematipdf egap flomateo rehetougiistanh svheta the guantity of

tBRSREISHE S _sélfenﬁti‘é@f_\iﬁﬁlg) fRfw Eifd #eEbr syt Rhe: the quantity of
relatively high solubility for _ hydrogen, in a ’

liquid gothetreastorps exstalled dinthe presswe of e seseadn theea®g®r ogen

¢ PR Tt & Sm e o7 3 G8RH F Bl BB Rl o gyt
beds WIS 1M GuERRR G lifuid§m tieregétbf BiconolledH} fhk el bthe liquid in the

_ hydrogen is™utilized. Hydrogen in excess of the _
reactoginpunt soluble in the oil/diluent solution remains in

t PfGIYﬁE% 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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phase. The type and anount of diluent added, as well
as the reactor conditions, can be set so that all of

ﬂ%ﬁgen required in t he hydroproceSS| Ny regid066/010639
I'S SWAIT&Dl e in solution. The

AR A S 808 0 ] S syt
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ORAAREIR 0L sy b Yinel Fodt BhE thobRBeto PR ticBlevel

e "arge reactors can be

controllePfoR @8Siny comtiahowslidui@ phae hy@opﬁcasmmocesssm@s ee
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sFHHIRE 19@&@?@6511&':1%9@ 2 atigyed SESHPTad Ry qpressure
cone TSR R T ROk oo
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ar
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havmé’ﬁ rdlfveBf H%H Gblubfity Edt HydEdLa) ﬁla%oﬁﬁﬁﬂ pr@SBuﬁCdﬂvﬁﬁﬁm‘eﬂite so that

desi red "product specifications froma particul arl
the hydugea i issbbtione Bxcersiydwees i mixee andfer Haghed mie ﬁhfo?lﬂélr%“enf

sonuti S i Sapachy el G SPRAPBERS pottoRkRlizea

Hydrdged d-52eR0 1M HSA8unt oAbl Omthebilitecn selueinh rémainsin the vapor
are preferred to conventional reactors because their

phasesmal | er size and nore sinple design still results in

cgh?/gﬁ’(%t I ﬁ g}‘n%sysfipdﬂu%{l g(ﬁ%g, S el ?fg@ﬁe{ | Fgﬁ]déﬁons, can be set 0

that all'tf thie b Pr&rdgeﬁﬁdq@hﬁd ith theilgydadpsaregsinsicatitornt is avaiiable in solution. The

mul tiple catalyst beds wt si,ngl e.reacto ‘
oty ras v sen B b ted o pE IR bbE b perrepggpacked
with ca aﬁ {!V%E;reftﬂ bi1Gha g&?@ B, il a&ﬁ@na!l)}i ydtbbed i%'r irkd, therefore,
ereac or ves ousenrutlpe catal ys
hydro Q@ﬂfeclraﬁlﬁlcﬁﬂts abyided hmﬁshertaykle bed aperatidreofsherreactor & avotded (see
i fferent .cat

FIGS 11y o ). cHFee, B IPEeqatined SHEOREA 5 gupoed by MO smaller or
Snnplgfqggdt&sﬁg%lpgr Ogg)al Most of the reactions that take

pr'ocessi ng are highly exothernm c, and
afn additi®siol tismgemgﬂeanalhalr sinfplérgaictors, the mes of 2bydragen recycle

th t The t t f th b
compregsas ol ele BGUTALRY e heEoEmIodErEtiT IR iRy
avmlaﬁ%l it uﬁBn Al thEfchlide Mherd M ndfeciQs ¥ib @ Siehgakogen gas within

the reactor, usi ng a reheater as
the reama%ﬂam)needtﬁﬂ‘ the easuyem omxpmesscpre s%nm@a@pmﬂhe FSEYE G FOmpressor

ook RSB RA ABt Blfy s

the b ﬁ,%egshe tenperature rise through the reactor.

The rea or tenperature can be controlled by
¢ Bt roktdnin thiprasoeishvéntion mrhslisradia desien AR in mumber to

acconﬁngwa?e t g%p?c?ﬁg %’%%g’ %(% ed 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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15 and the anmount of recycle. In addition, because
the recycle stream contai ns nol ecul es that have
“@%@5 ﬂég eacted it also serves as aninert dil $2006/010639
4nt i nvention provides further contro
tor t hrou se o

reactofs b RIGERSE GG B SEer et qnnventyglgﬂﬁa B0 smaller
size ar?ﬂﬁéfﬁ”s?,th?f&q esfgh'sﬁﬁlr&uhﬁ ﬁ’énso ftﬁ ReN \)#h@ ddthphred to

udis distri over t ecata yst. e
conventdnmh$3&r§pmsnfh1&dd¢1mbltm ublmng ms,ﬂmple peagkoes, ieia elsoposgble to house

* b0 1 B B S Pl b s

(see F Rfr 1@) flﬂ'ﬁié? Lk B5pita codt B ubitigRl %%rsn@l)é teabér 83t to house mulhple
nmol ecul e has for ‘absorbing heal fromits surroundi ngs

catalystfviedie Ihmt@wtﬂvgdamﬁy apatain the sereeeaialysi typenes they mey contain

a5 oS BRI o R R et

ENIoa! b2Be tdaBt bR ReY talkd ited AGUPectessiki bk Hifiely exothermic, and as
i ntroduction of the continuous i ghl‘:ll d phase reactor,

aresult, egrpatolselsef heabisigseanied ihereeters hettﬁmsétiaﬁge of the reactor can be

contl AU PHTED PG IR 3 BPEEY AEORebAAF A oy o

back té GRAEH: 0P tHel reictd) naipp R euhd¥rdr ak Yedssady¥; anblaided with fresh feed and
tenperature difference. In additign to reducin

hydroge@rraéqe awcl@ sirermeahsprbe hsetioReater by the reackion st fheriflge%é anghfgydrogen
on the' $ Plnd élltxc?{éﬁ:ﬁ)re?alhﬁr oS ie tﬂxjaﬁ%fﬁlgtréeﬁ %‘Hetrﬁé&éﬂ' temperature

e reac serves to gr y re uce

can berv‘oﬁbbbéﬂ 9 cdmtolﬁam)ﬂls frislv &ledpemperatutd) msingiaepreladater s hecessary,
[ ntion for

bed. 30 Using the sent in
and the, 9@%@@’@@@@?@1 aé@aoaag qssaﬂsedﬁe FRe3F P yleam spRigins guolecules that
have aﬂ‘gﬁé‘r@%n Ec? & Qsé §%’§£% RAPHEHARY %@jﬁl%@exﬁ‘iﬁéénﬁgﬁ Brdvides further

0 avol g when crac reactions
control afkthe pirameeatuiithofthe aeactoe dtough theakse bba gmmwawhqmﬂ phase reactor,

NSRS PR R i

dlsmbfxfég Ber e dfﬂo XQ%}%P r 'Pﬁeeﬁﬁ)aﬁﬁ Lorh B@ntﬁfueéyﬁ&ma Dh8de reh@bi is that

on gases. ese nol ecul es; predom nately
hqmds;rﬁi gmmml Iave highen heﬁ&*apmihess tbmghses T gtigater theglee’raaapacﬂy ofa

T NS T T 7 T T R—

(€

 while Wgﬁ?ﬁ@é 5 bfn2al iR Seds8 ¢ idnQRrA0RSsdl: AléthtRuon lﬁiﬁl@ phase reactor

end production is 5°farther conpounded by the
acts astadabsink, dboorbing exvesdreat fovhe Ir@ptom@t e@@btzs thedprperature

R e s e e

becomegﬁl%ﬁ B10E6s to %mgfqe&mml fRMAIRE h@ﬁﬁ@a& mosF-sW(Qm 33°C)
enpl oy the use guench boxes which are placed

 tempetatire dgfmmtcetﬂwtbfalatbc oractor méetm:élrr@aptmhﬁt Bxea];méortlmately a 10°F

R e A S

the readfor BRI r\é@ctélomﬁta@ tenfpdratimres OBk lcﬂﬂltiuhﬁs hq&@tphése fiebctor also
can pose a safety hazard. The desi gn of the quench

serves m@g@gﬂy amhhcc the prebleovofdiot speis devalempg wathin ﬂ:éyzatalyst bed.

g B e Bl s AR Iog i shh b ety tippnated

becausk Miferg i élﬁf@y§¥1ﬁu%ﬁlhy&dgéﬁ avajableRGohRionde ldkr@idbﬁkmg when cracking
started, possibly creating an explosion. Using

t h
reactiops takeplacen s ¢agricadio myel lopeer gfe and reduced Operahng and

maintenance costs.
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cracking is greatly reduced, often by a 10-fold
reduction t hrough the use of a continuous 15 |iquid

tor working also as a heat sinktoc?ﬁh
“@ac or gir:m ronmant that is close to isot hern% . S2086/010639
i S .near her.ma VI rongent el | i es need
BB Broblei S0 R Gy RbronaEss Chearihifs Haf Ay drocarbon
gasescwﬁése@ﬁole@tﬂésomcﬁmw%tﬁa% 4rBan nﬁmaﬁsle@mhuct which, in great
“increases the safety of the s stem Wth the

enoughygquerfifins: ast bereepvers, Pirasditip dThsse dight eds inprease in

| .
e AP, S EER 1 et
furthek b@nﬁmﬂeé b kherahddncsy |fd)1m/\ﬁ!a¢tbﬁ0 deyslbp ot spots; ardan where the
K NIRRT N G a—
occ ehcé %gﬁ\%%ﬁ%}%l %yﬁfb PRk 5 r?fsﬁfnst EREY BleWHsE of guéﬂﬁﬁ boxes which are

ctor, mai nttai’n the he si nk
place&\ihtdrughbuﬁﬂle mae’eaai ﬁ'hc qhgmth(bgecs sgrverto finjbed ookl hyrogdnainto the

* reactol BN RE R s eyl ek SnbER pitidben go pypengive

choic®foP 6$Ing tAE rdaeidl 0k %&eh@ﬁf@ﬁ#@iﬁi’d théfdebigﬁtofkh&queﬁch boxes

This is acconplished First,

. one of two wa
and thgmeathad of contrpliggihew they tmroriu@ﬁ:hsﬁlrog,eann%éh@ BIEN0B Wee‘dtal because

on xR et Eanftefe b Wy By Rpotop could e

started, Posibl§ cRiatifgas explbkieh e Usihgahspesdnt idntiomlfor hyli@pedcessing,
range within the reactor which nust_ be paintai ned. |f.

: craclﬂ@& ts greatheieduged; pgen byaill- f?hdsre@%@ thioyih theescafg peptinuous
iR s 1 PSS LA 0 s

to isothérepal. dThB\tBhl: istthetnnd eheivaimoft ehjmmdtesqhﬁ deddrfopsoldthydrogen

w, t nt of:.h in the
quench Bpies; T Y EAEBRL A0S S Hie PPatirados hermsoass aidiacreases the

Safety\ufh{esgﬁeggcreased to allow nore liquid to enter the
- “react In the second control process, the quantity

oWithi the indradnctioreof aeartionowsliudd pleasn mastdreﬂtews a need {o be able to

conuo?gjiggt al er %g%ggtﬁé{ GELH l%g_lct%l?_%l eilﬁ%hela; ghallows the
systen€iaemain Me¥eas OBG b RGhal | Bgl‘boﬁﬂﬂhﬁg 100 26t 3@1%5%6 fluid and the
PCT/ US2006/ 010639 hydr ocar bon i;ases i nside t

he
tempera@ac 106 theeﬁ’e@hrf@ad;l ittip pQSSQﬂ@ts:i ¢angg! e dempratury @f thpdiquid m the

reactob T R b S AR Y R LR usplil B

Wét%ﬂsw&tthﬁcwi%e@wﬁﬁm h&edmmtoﬁ b cohtitudie lideikl tasettacior is
to achieve optimal pressure. If_ the pressure - drops
the negdyfpr p@ﬁpcegm@r gﬁg@@hﬂg]{hq%p’g‘@@f that ligyiel. This is accomplished by one

of WO%# Jdf p oC e‘ﬂ%ﬂ{lgﬁlﬁ’h{ﬂé&f(nh\*ﬁ g Fée@c{rcr}l!ﬂl %}ﬂfﬁ {gﬁrﬁgggg %P’ mémhﬂmg the
Liquid m,lﬂlbll'@icﬁ)rhed Spﬁﬁﬁéd)IeSe]E(ISEG EHESL,6,8hE0,d2a aiid/ 1®f In thls process,

Jiquid_i ctors i-n the case of a multiple
there ipagp e w0 ﬁ#sreaeaqraﬁy@}mk}ad%m@& - Ifthe

Tevel m;&tﬁﬂla ﬁ??si}él gk@é%%@inv 6f drbgéﬁh't?é‘oﬂ’/ﬁllﬁéﬂ gamgen mixture

vel contr s or l'e vap
going mt@muhoemkb bt imireased td lvaveg tedijuidlevtle Iﬂ’m@dcvqb of thediguid drops

t he reac or,, or . met hods
too 10?50% manat 9t hygy geeagi@oqﬁé%%fé%w e g pathe reactor
will bSYRhR8R t%oanlmﬁme b 14 SM&NhE fRcRL SR BEkE&m cBhﬁ‘BT process, the

~conventiona tec ogy I'n that excess gas can

- quantityerftligeiddinrtbe tdagtof lcembe hentradled by maintaingegthe lpt&sem‘&lof the gases

inside edr%%tcrvre g %%sst?% \f‘fnﬂ qg ocfl lg)aslehe excess hydrogen and light end

g
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directlydpap fhegpactoris pgt pess

directly fromthe reactor is not possible because

hydrogen gas nust be circul ated through the reactor

If gas were to be vented directly from convention
w&%{’gf‘%‘}zé a great deal of hydrogen would be I%ngé?‘mﬁ’“mG”

used inefficjent| y. Because the preaent [ nvi]{w |on ,
hydrogarben gases msids ﬂ@@fﬂﬂma avedheld o pepifigd erosgre & the prespuge of those

sce DRluSS65 DAY o S U b N ABEBIAL SNl i

m’tmd&&ﬁl&hﬁf tha Fexcx el Heligcircagdo acldevd @mnzﬂ |pdessure If the pressure

hydr ocar bon gases. . Ventin i rect
drops f¢pelopie Hicragrougf AgFEn ??lé/rciﬁ t%é@?% ’P¥et ‘mﬂ) be increased.
n ahft%é%%@ésgﬂlg B whaHd nidigpit h‘é%td}?&dﬁﬁl 0 bddRa¥RlBMised, the

ust "after c anges are nmade to the vent: gas
quantify @qumd i the redotorady it thwroass oy uinlipdnbedoregetor, surrounding the

cataty it 250 bR PR R B Rr e af s B fpEighia vel

coniroly i RS R boBSRef ¢ Eontrolest t8e g&@d nbtshet el pUFRGRbI the reactor, or
Fresh feed stock 12 is, punped by feed charge punp 14
the twp gonigdrpetheds roay be e@nh@ed,m @amvwmlée@%iﬁowmth same system.

DD s o B0 4R Bl B ST AP s gas can

be venwdidiegdan fivm tirdeadoh )/Idrcﬁhvmbﬁﬁl Hydestrehfing,ahé o¢rtinkrof ghses
feed m xture 20. Mx]‘#re 20 is then separated in

¢ bocaysediidreasnsas mist be grdatedthrough the
reactof* nfg,gﬁgﬁgf Ab e %&H%ﬁc&@%o%@@ﬁtﬁ gﬁ&tﬁfse ? ggaa't deal of

W th catal yst I'n reactor
hydrogemaedudd bailost ur esedﬁnefﬁhmnﬂg.aBb&ilsﬁthetpmwnﬂﬁwemtmraﬁihms a

- contin{.} nt &y\iﬁ) ppgasg S o (EI)% ?%’Sgg o C gvﬁ;ljir%ou atB S‘P@?@% @Iough the reactor,

and thé@fdf@ |tRe BMTRaded ihSidP %@?ct&ﬁ‘&e BXéUsQBj}c&agéiﬁaﬂ(ﬁiﬁlt &kd

is combined with t 30 fresh feed 12 and

hydromimnmw 1‘6enttngrmpeﬂmgag dirbqtly fomfthetegcton a@memamfﬁclent
controf §f 8 Sl By nuR PRk b s el RR o boRlschgy f TR Ghanes

are made Rtk fdsTvh Qaté Biethefaldﬂiﬁﬁn|dfh9dro§é1ﬁﬁhﬁ*suﬁ&adﬁbnfdﬂil9’ﬂro gen
fl asher waste gases 64 and reacted separated fl ashed

from the $#eD. The reacted 9 WD 2006/ 102534 _
R f
T T3RRR 5 36080 b anlegy el ey
designateé bythemveekal D0 fEfeﬁh fded stuckIQtis pogedby &&d chifge pdmp 14 o
shows a scherratl C fgrocess flow dia ramfor aresid

combipafipnaeack. chegaey iged gtock &2 isyrumred By feethehasgsmmp 14 to
CGmbll}EE]Q)g ﬁ§1 e Sd06Kq gt%%ﬁ'l %’b&ﬁginn%\ﬁ w?%ﬁﬁ)di’cfg%h 15184

on ar ea orm co

hydrotmated&’ecﬁd {eedfoehairgh fmdmlﬁli‘tﬁ 200 Mixtdoe 26tis then aemaated in separator
24.. The conbi ned soI vent feed 1 O s then corrb|(¥1 ed .
22to fm firgi Fenasyier waslg Hrad sepaag -19%Pafaieq givppre 30 1s

40
combnlg_%ﬁgs?{g% gﬁa.@gt{ 2 tre%&&gs o’%ﬂﬁ‘i"em mixture 40. The reacted Iajxture

m xture 130 I's then separat
is splitiimoftimoprodiep Apesorectde flow 420md dontinving dloar 30. ok eoyalkst flow is

pumpefty FarsE emiamy &4 O RBRAHR ARy it 1R 9P S el with he

fresh (et A gl gk rseacted m xture 150. The reacted
m xture I50 |s split into two product flows, recycle

fCantinuing flow 50 flows into separator 52 where second separator waste gases 54 are

removed to create the reacted separated flow 60. Reacted separated flow 60 then flows into

flasher 62 to form flasher waste gases 64 and reacted separated flashed flow 70. The reacted



152 and continuing flow 160. Recycle flow 152 is
punped by recycle punp 154 to becone the

BSHBHIELCG 155 ana nyar ogen 196, Conti i ng. PLBSIwsI0Gs?

160 flo i nf 0, second separ at or ere,_second
separdigg GraneaoNney is guBE Bl oA GEIE SrPEST g pases 74 aro
remo#%tf&%ﬁaﬁ% : odhdulco¥0.170.- React ed separated flow :
170 15 then flows into flasher 172 to form fl asher

WIHGe2 gawesa schématid prasasst fintv diegranafos @ resid bhdigtretengenerally

a8 AR B R P BB Sl
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combMatibn Eutéﬁ dliI?l F@fﬂﬁﬁgccffn?lﬁﬁéﬁlésogﬁth—febafclhﬂi@ pueaCi22do combination area
separated:-fl ashe ow then flows_ into strjppger _
124. Tho combined selvempispd 12hisithenpomhinedauith h&dﬁog%i%‘%jgﬂdghydm‘fmted
fQr F | . .
et DL B 51 eSS NS i 107
then sépartited @i firsd b¢paratde 83 ioform fimst seaeatnuwesta lzad 034 Bnd sdparated

mix tuﬁ?f ele‘?w fS é%ﬁ%ﬁﬁ ﬁsi: cgqe%@weé%gﬁtcgﬁ;%% Fn‘g% Wrg{i]étorzpfﬁ to form
reacte‘gg%%ﬁﬁé gjg%e?ﬁg%ﬁeﬁ'nﬁjghﬂg i S¢RbLL ﬁﬁﬂw@pﬁoﬂﬁctgi&%, recycle flow

a second . diluent 210 at ‘'secon , ,
152 and ndritinaingoioval 68, Re@ydofléwin? sepwnpeddiy xeeyele pwan 124 40 become

econ i ) 5.f.eed 214.i s,.then.pu d -
the gdepigraike toed TS pIQS omBhsd ol R PeEERY . and fpycrogen 126.

alRALRHRg okl TEPASRs Br®sdcBnd Bdpatatb G2 WliéHe 8@RAd separator waste

conpressor 222 to nmake conpressed hydrogen 224. The

gases d 6fpreosmenehiierege thexeacted srpsratesl Bow 7P d Reeried srperaiad flow 170
18. . S d dil t-f
B ey

flow B8 THe fzehén sty pgent TH hroebblell ®gdondetserr k7628 Gornd kslvent 112
hydr ogen-di |l uent- 30 feed m xture 226 then flows

- which i comgined vdth (e seroering Fesbtsgdl 1928 which warns the -

2‘5[31% Q%agteglo%r@%a%gl{ A 1608 Eb hieﬁ%@fsqﬁf@étﬁﬁpéﬁ@ﬁ‘:ﬁfeye stn?p’per

I'Tst exchanger ow 232" Firs
wastegusdsdisgare fdnawed 32 fandthe buipnt pedyc] 0f | ow 234 are

conbi ned at fourth conbinatiqn area 236 ,to form .
f IIG 3 (it shemiatio pEngess P BogGs oF §JBsPprocessing unit generally

desig e OB, T o et oxehanaar 40 whih
Wiesh feduestoilo@(r is camBinelywithsefitst dilnent 804 At et combipation area
206 ob e IRI%50. BERONRoCRaabis FRAPHRe8 A bocona

diluer 280 BflsdcBY 6BbinBUh ardd 812t EfobaEREdIRIdiRlent febli R14. Second diluent-
conbi nation area 248 to form second recycle feed 250.

feed 29 4Thithes puopdd by cjlvew-feedchargopymsp 2hete thirdagmbination area 218.

fegd ' 252,19 f i

| BHSRERoDSe bl g e A 1 S P pcogen
224, TR S3mBrRER Hyafosth 624 floeedo b EEyCtembinsfiot &2 318.i S

separated in reactor inlet separator 256 to far

r Sgeandrdijugnicfeed 234 end sompgesied hydeqssn 224 aipmbiped at third

ot GRRL TGRS L 2 SRR Gfr e

feed thikurp P26 eith et hrougB@eed-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,

pevk
<
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10 Inlet separated mxture 260 is combined wth

catal yst 262 in reactor 264 to form reacted mxture

266. Reacted m xture 266 flows into reactor outl

VO HP/A534 268. Reacted mixture 266 is separat eHCT’HSZOOG"“I“”
reactor outlet separator 268 to formreactor outlet

sdpa izt mcyﬂ}@sfp@d gsn ﬂp@zséhrgug}yﬁméfeeg@ggqh&t gxchanger 240 which

L Xt L 242 t 2,1
wam g 5, KRS o Il R Fh r MR Nl 262, t0
form e Gedoné @xéﬁe&gadﬂw 244h Séwﬁ%xémgmeibw 284 aindsecohé recycle flow

pr esent syst em 20Q. Qutl et separat xt ureJ27d§2 0.
246 ageicomdingdiat SthcomiRAton HTAI4de ndEaeySlR Jo1e2s
CORL feed-
i koSt B Sdmiﬁ‘?*éﬁé@ﬂz&%w?#??ﬁ%’spl A L

recyclbamgmm e&ay cF@dﬁﬂeowleﬂﬁXmBe Hdrtbauflows mgrpap@c yleteseparator 256.
Q. t
P EEH s SRS 256 BatmbieR i Rafo L it SodSalof £ 46 o fpgp reactor

inlet s\%ﬁzﬁﬂt@f &abth QWsed 35320 inldOscpReRAGNKREY26® Thowalinlet separator

are Used as previously discussed. Continuing. .
waste gases @58 sepiarad et othexwise eemogd ffeoay & presest sysiom 200 ea

2 and f {-

PR it R0 Rl iqutii PRELEAL b2 PRERTRA to form
reactell InEGire PES) Rédctdd hbahinel166rflo@8ntotredctori duﬂess@pfamx zeat o

first rectifier exhaust. 290 and first rect

2 Bgacted mixture200; is senaraicd i isactonpptleh separaten 2 P‘F‘P &actor outlet
separa?\?]f M&e}"%%@szzﬁ?m& @%tfe{tj geeaagﬁg\; fg;sggrg;ﬁ?gm &xf Beem&pag%r waste

el r-tenper uced.

 gases @%@ flawdeom thieaesdtor owtldtisermiratordis dridewre thendlased @Qﬁhwrm@ removed

first rectifier exchanged exhaust 242 which flows to
ﬁomthppgqsmt@wﬂar?&@uct exchanger 240 as previously

f 2 ﬁEﬂ @gﬁateg'xﬁﬁhneQ%‘ﬂ 3‘6%’65 e84 6P QREE SepifoCT8Y nd is Spht into

ctitier exchanged exhaust 242 even further to
large lfeoyaie 3% XTdrastl cootititing oudétedparatnd nuxtupoB76 #iftret split arca 278,

ble co haust hen cool ed cond
Dbt Socatetey 27H Sy DlmBbitdeh TERR IR 0 1B 3PERA 35t arca
282. CAPERR @l@ fﬁ%&h@fﬂﬁi Vﬁ%ﬁ@ att do@ibihdtenSirdaise ih@f firdtrecycle flow 234 and
accumnu ator ere it is_split into exhaust 304

seconémwlﬁrfbw 4 wbmﬁl apeysedpsipsrrdeushodisusseskhaust ed from

u bR T AL HANHR T By

eﬂlueﬁtqle@msmﬁ) wcbhldﬁvate‘drefﬂhentﬂeww ock 202 as
previously discussed. The exchanger transforns first,

r Heeted efhuent Bow 289 fiowspintg fust replifien 38. SYhexs &g pRfidnto first
rectlﬁer egtgﬁué%% 2@0 %@ ﬁgsptlrl e :ﬂ%ozé Nidith 3 %?0 bt rectifier

rst-recti |er exc an

flow 2‘99 QepazRiEly dw Mtblséébrﬁieaiahaiger 2%%hmﬁhe?ﬁ&nqmthtmchﬁﬁence is
rectified flow 310. Third separator exhaust 230 fl ows

feduche exchanger 228 as previ ously descri bed. Exchanger

&gﬁ aﬁgfﬁlgl "ﬂ}% cPﬁxF PFdNiBECRBanged
coo? ex aust . tefg‘% cool e ex austs 312 is &
exhaubt P43 wlich Sawbyo fen demisprodGd4xclpngeciPmstprevidusly 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

i1



10

15

20 .

25

30

condensed exhaust 316. Third condensed exhaust 316
t hen floms into reflux accunul ator 318 10 where it is

‘,2‘8 @t %%@ reflux accumul ator exhaust 320 and second
PEAP=310. Ref! ux accunul ator exhaust 320 j§CT/US2006/010639

exhaust ed h m200 Second uent 210 -
systepy Z{fis Figt i L@B&%ﬂ oW in it crmbinaion 2o toSopthing yigh the fresh
feedit?j ﬁ?%%? &{gb@sg&{y di scussed. Second rectified
1 t?ows, |

nto second rectifier 322 where it is
S pl’het exclmngelt tnanstorosdirst iectifierdhoma it inBRrshiregtifier exchanged flow

W, 326. r t end, fl 6.,then.exif.S t. e syst
306 g B ing i seftatot DM i By splfA Y o Rbr exchanged
flow B@&1okd hed s@ﬁdﬂa@%ﬁ% 23004 seind rsamaTERF 3888 wher e
it 1s cool to become third condensed exhaust 330.

Tr¥hied senmf@n exlrpughdR e wswosxchangsr 2387H REBYiERFY épscs@sd

P ARSI s PO RSP Py a1
S Jeasml @oleddrhasdt 333 4s thed cosled by cortledsel B@M@Bﬁcome third

condboal ShengBTs AL sheust ST LS expiausted, {1 o

Wheféﬁ%@'i% 1?11%) AdeEmatdr¥ch E Bﬁ é]ﬁ%%@éﬂ@dﬂl%h@l (f]' Reﬂux

sch ematlc process diagram for a
accuBHSIOr bytchnsiA20de sshangted drvin tt@eslys!nml 21053 &sm@miwdt bw flows to-

t.he puneral Fresh feed, st 401 i s nitored at
secondPaHTBH EERAIZ 1 ETRE: e an 20 rPupned astifoed

P &jeRsMRE BESH f IR BN 0 XioWRBlifloYseefRTedtiRr 822 whlere ispllit into third
(138kPa), and 1200 BBL/D. Tile fresh 25 feed stock

rectifigp exhayst 334 rand divsii and flony 826, aFigitiené fow434 then exitsshe system 200 for

use o&ﬁ%@e@%?%ﬁggr 06 | chiffer € egﬁ%gﬁlp ﬂ(%vﬁsd” mgc colﬁ%géseg %Eg where it is

cooledrtd,y%hmftﬁ@&coﬁd@wﬁemm 3400 through first
“monitoring orifice 412 and first valve 414 to second

c Shdrandeedexdpugt330 flgws Sgarondamset328pip foggth separator 332.

%% G ccumulator 318 l

o AT 80 R 0 T G B 54

secondtmﬂ fle9s336. 42arthGepak@r eimmseXBlad exyasted drom thddystene200.
dr.ogen_conpressor, 422 co resses the hydr ogen 420
Secoq%enﬂégav then g tesysigm A1 fonvseopdyrtheriprocciipfessed
%@Go v@a‘lscfhlaﬁl\ﬁﬁc h%c@%@%o\? %Pa%ﬁﬁin ﬁﬁ'&' 20 HIEIP ﬁ&r&tﬁpmcessmg

reItISITDItO or. acceptalelnpu

,umtgemra]ﬂnpdmgmteﬂﬁwﬂaenpm@émhydrogen 424 1l ows

v o S R et o iode i 405 Rgcocptable imput
6
paran?e@&@()@'cg)%ﬁgm fe rgltﬁ%%@veh? &20 g (1%81{1?63%&@120@9331,/1) Tile fresh

orific 14 and feed forward

feed stoni 494 tinthen ndmbumdrmm 2dilgar0) aufbst conebivatinrersed0g to form

combisl iR | bt SR o g ont oot

‘charg® ﬁﬁﬁ Ba10 @if@h@ﬂﬁi‘é? ﬁm’ﬁi@ﬁnﬁ bbificSUM bl fiski vAGS AMlto second

“nonitoring orifice 428, second val ve 430, and FIC 432
Combmoﬁmné $.ed to FFIC 434 which 5 controls the

R R e Y e S
40,000 SUWER S EIB I wéfhodatd driogensconprbisaet?2ab radeaothpressed 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 arca 416,
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conmbi nation area 416 to form hydrogen-dil uent-feed

m xture 440. The m xture paranmeters are

ﬂ?ﬁ%r o%<0| tely 1500 psi (10,342 kPa) and 2516 %%1[
$1%P¥ monitored at fourth nonitoring p0| nt

I%?SS %%q%%gg Ol%lélctgg% l%e ed %ﬁ;ér?d ad t 0 e h‘kéﬁ)ﬁgnd controller
(FFIC* Doy Y %ﬁ?&@&g% lruanhaibase cc'iﬂtz‘btll@f EiéFas2 {chhh:@nttﬁ!s thd incoming

rec product 610, to formthe exchanger flow
flow oﬁé@mbiﬁbé dﬂwﬂ#—fmd}wﬁdb seocaﬂamg@unaimn aregdii Rs Snt aIIY: second

it rkﬁfgaq@ %%ﬁ?r‘?‘f%é%%@@{ H#R‘gé 4&2%‘@%% | % poi nt rWthh

BBfing oW OF 0BkbRRscAldodeA 2N 86 mﬁ@cmbﬁmnmarea 416.
Controg}]éﬁgir? girin%I Ow 446. i)15 The exégﬁa er fl o%@ﬁg t hen

COmbmueaﬁdus:nfmdﬂ(l&féldr@m@ﬂsecbm#ea? A cqibipRd pgsecond

Comb’%g%%%lée r&{'«; f}?&%é{)%&fo cr eg?%ﬁ?%ﬂé&gﬂéﬁggtﬁgﬁ%%vpmetem

are approRim4tElS US&O o6k (10,042 4B2) arsl 251 6IRRL/Bdwhich sre;anhmtored at fourth
moni t ori p0| nt 454 and by BAC 456 F ]g &B foed-
etz o 58y gguen

006/010639

monitgring/Reiy
proclutptre:%%lf‘a‘.ljlr,g%1 @El?(ﬁvaﬂﬂﬂth ggxg{ ﬁlcﬁﬁeﬂtﬂb@ m@drel 440, by the use of

or preheater 450. Pi
the recHBiddipsodin am; tetbrhmthe Eﬂchahgcncﬂnﬁa% Tigofeghgrroduct exchanger 444

tenperature indic ler (TIC) 456.
workspt Wﬁl“@@t‘ﬂygﬁgﬁm %t h recycle flow 464
§ifil Rohifig point 448 to gather
o) nd 8 cgﬂgﬁlecyc%fd R @fiRRed S ohifrg p g

e tlow 468. Preheat ed recycled. flow
infornshfiSn ixBoutdhe pa:mmdtem ofqheemhangwdlﬂw G.ng poi nt 470.

The heat fl.ow,468 | i ‘
r SbePreBag e dom i ef g e P e WGk A5 i i capale
of heaéﬂéthe'%%ﬁaﬁ B FW% BA6TADS, ONIR/IE TE/EIR €14 56| KiWiptol rtate tieamtiated flow
25 s€eparator 476. The reactor inl et se gﬁl&%

452, Bl'éﬁedmﬂwﬁém woxitered gbsixth mpniforing pOMEAS ERC

y
Se8Ths 4557 BRGSO o BERBERb B s nd
controﬁ‘éf’&‘]%} 252 WaRlpplyahs Gscl 478ha pehctonipethestepditat I 462s gomnected to
eactor inlet separataqr vvas 478 fl ow
third viahesrfiGOreadrtemperature mdicatoy apd canipl elﬁl%ﬁrﬁ%gu gh third :
t f.
ngflh a?tﬁ% ﬁge a{ ik G ﬁé@d %ﬂth%bfsﬁe HSwHeAne thiRibdnthifrdtion area 466

or n separator waste gases 478 then
to forthpRdtehteliieghflok @681 Brelmhtcd—ré@@:ledﬁkm 468 gh:mbmtored at seventh

monitprangnales 410 SR e ieaciRYCle] CoH ALR b el i ool HbeS e mies
é]‘gjg(thl% mmpﬂ&d hﬁo tor inlet
472t°bf8&h urtﬂﬁgn% g}él eﬁegﬁ TOhai or Ini ot Separator

an

separaforG761 cfmaﬂﬂﬁﬁmﬁ@amtmm@@mm 86607 ﬁpers 10°0°S/S (1.52m
separated m xture 480 flows out of the reactor inlet

X3-O5§9par ator 476 with paraneters of approxi mately 590F

?é&(‘?&c 0 k200 A is(siParattd il Radbtoshrilasepiratorané tofesh reactor

ninth nonitoring point 500. Inlet separated
inlet saparhtor wadi® @ases 476 mbd meldt sopeatstedaniyre ¢88,0 Beagior gl peparator waste
gases 29 4ﬂ£>\?v éom The reactor inlet separator 476 through third monitoring orifice 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.
Liguid indicator and controlier (LIC) 490 is connected to both fourth valve 486 and

reactor inlet separator 476.

i
[¥3)
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- both rgyelefiaw fibbard eomBulls %Kseéﬁiﬁpﬁrat%mvﬁwé

5 reacted m xture 506. Reacted m xture 506 is

nmonitored by TIC 508 and-at tenth nonitoring point
- 510 for processing control. The reacted m xture 506
L2051} estbtors of 60SF (2320) and 1450 psi (98¢¥7US2006/010639

kP t fl t t tlet t
R R ETs ) Fevs Sﬁfd? A

param%%%%?foé%%’cegp ?GBF ®B 1f0@e é%ﬂ é<t 110,807 3 WHicH\aS bfbnitored

gases et sepa ate ure 516. " Reactor
at ninfhuhdrdtormgpeimte0. wast e 10 gases 514 flow fromthe

ctor outl et se ator 5 i.t or
plrictseparateH SR 15&8?}‘)&6@%@59%%3%@2 aggg 30484 fprm
reacteﬁ Bﬁﬁhﬁé 8¢ | RPAR B8 3B i BBhiGed BY TROISOE ahd 6t @fith monitoring
: hrough tifth valve 522 and are then flared

or
point i)t(hﬁr nrasessiegendlf Thadeppied m@@%ﬁ%@%ﬁ@?ﬁm%@@ of $RETF (232°C)

and 14507 Qe fts A 9GRE BB ot oo CRBRERE B2 0o

S5t adia@BropaiBu6es Sepafat@Din readior wt]bﬂsepﬁrat(ﬁ/ 32 (ta fcﬁ'ﬁmenctor outlet
Qutl et separated m OWs ou

3. OSnzf"r ture 5112 %I ig:t ast
separaqrvase 23561 bt a%%lﬂ&%f‘é’ﬁr% %> ERGIOT it SERFgior waste
gases 5?43 H6w Jggg% %@fm@&ﬂle@&’éﬂa&ﬁwm tﬁfbh&;ﬁhaoiﬁeﬁsﬁ ﬁﬁlPIc 518. The

Irst split area 528" Recycle

, reactoﬁﬁdtlet seppiatpedrasth |gassag 1514 dnpctayebpaspsledsith amhtpmsg pomt 520 and

P TR WE T AT RN IR AR .

. 400. connected to FIC 20 536 which is connected to TIC

508. FIC 536 controls sixth valve 538. After the
r by uslactof builet separator aldis dooueatéd vwentrollerdd Co¥24t T reactor

* outit ey T 1 PRI O bPed 00, Mie KBRS

WOlletepitafteflixtire 916 Bdws Supstréhamsoutlet ﬁ&p&fdt@&ﬁ@ and is split into
Qutl et separated m xture 526 | eaves first SE%t area
S ablivghFrli arep 528.

RBVH A AL by AR 88 St Bmonioring

point HZf ﬂo lf&l!iﬂth hﬁ)ﬁt&ﬁn@éﬂﬁhcﬁ%tl eFo1sthpaomteethgirificy 584 i2¢onnected to FIC
travels Into the e ent eat
536 W@ﬁbw@n%tpd RAIE 508 FIE 530 ol ffla}iaz a0 it Bomporete flow
8 and
A, O A e 5 o

~ to thirdroodibimatidn byea FGE vB%s: #odmbines edthtpreleated IHwndhl as)pnewg)usly

. pojnt 550. Fuel gas 552 flows through eighth valve
‘hscus and is nonitored by PIC 556 to supply the fuel

ShidyeRtr8as Fé’avéé'ﬁrst Eﬂlﬁj araG28Snd %&%Q‘.ﬁﬁﬂgﬁ Qeventh
e| g alve 554 and TIC Heated effluent flow

valve 5¢¥£Bwﬁich\ns ccﬁmﬂeﬁdngrrlﬂgei%h Oitctlﬂt separatel poitote féédhﬁflhﬂ@w s past
ctifier 552 ifier.5 connected to LIC
thmeeg @f%%%tff‘é ﬂﬁ h?aggﬁ Ter 552 through i4
V@Jﬁ&%@{)&i&%ﬁ%}(ﬁ@ KR5RQAGLARG3D thd ¥EMbhitichter 544 wl:uch is capable

nmoni toring point 558. Return diluent flow 560 als
of heafihg the dutiebseperated mintusH26 at RANMIBEW/IE (871945W) to croate the heated

eﬂluerﬁ%[owngiée.r Phé ﬁea%gd ef'ﬂqut ﬁi)v? a6 8 m%l%rédlb)(? T80 %48 Gnd 8 %urteenth

monitoring point 550. Fuel gas 552 flows through eighth valve 554 and is monitored by PIC
556 to supply the firel 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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Rectifier diluent 562 flows out of rectifier 552 past
monitors for TIC 564 and past fifteenth nonitori ng
“)om nt 566. Rectifier diluent 562 then flows through
206192644 over head 5 condenser 568. Rectifi erPCT 52006010639
over head condenser 568 uses flow CWo/ R 570 to chang

twentiehomphiteringpaincris. Repumdliingnt flososeibase dows infe ﬁ%chéiPQSSZ

e T b I o

f Revtifidrifinenteso fldvey mtte;ffmnﬁe;cmwsamomt&% 4or TIC 564 and past

Fiftconpmopt 'eﬁarl&p&@i' 66, Brcitior ol 0 hos Ao sbieh Festter pverhead
condeE@r ?I R lo%teﬁ{eaé%gnqeﬁse?@@!i h@és%vwv\'ﬁé/ﬁ $R%0 change rectifier

ux accunul ator 574 splits the condensed
diluerd 562 e:rrfonﬁmndmsed diines 532.r Bestifier dverhpadseondanses 368 hepparameters

| uent stream 590. Drain stream 576
of5 ngﬁﬁ/&o@%ﬁg&%l er reflux accunul ator 574 and
peshddRed amen'é %92 tRmiAlcws idGeaiE esABORcubB1at6R 874, Rectifier

stream 580 flows out of rectifier refl ux accunul at or

reﬂuxsmmmlpiabr 5@ @hﬁ papmgterneifi2t 30 #gl G iY'S §bR7mgnH05m). Rectifier

t hr ou
B e T R L DT
condef§dd GIRENt ERUAD Eikdelitiahme:| ain 3660 1576,600 BtteaP 580, andrdiiaent
600. Diluent 404 flows from second split area 600

Stfeaﬂ%?ﬁ’(bugh tenth valve 602 and third nonitoring point
o fein St 376 A3%ei ol B Lo B Ll el 5074 U0 8t ponitor 578
outofahﬁﬁysmﬂszlmth fresh feed st ock 401 as preV| ously
RN A etk RI R
momt@ﬁ’.l% p&{ﬂ Vemﬁﬁ&hﬁﬁﬁﬁi %Jomgﬁky@toﬁfaﬁnf, gb&ﬁﬂuérllﬁ%ﬁgééiigg& Pumped

val vé I s connecCte .
diluerRetrdainf 5eRiisphemsplit igoclilnemWé4 end resirnrdsbient flew 566 2f second split

avca oG o RigE AoF Ao el B SR o ReR oy Bl PO wma tina
momt&%fg ?cﬁﬁﬁimn a9indre bl tiedlowrI MRk Sirdhénihiel: Hdinve04a8 Hrst

y-second nonitoring point 615 and through

| comblpamﬂa'ca ﬁ@ﬁrp'heﬁllscomhmhsmgb dresle et slosl 491 eapesviwsly discussed.

Al o M5l ok BBl PR DG daBEhifpgb i fonitoring.

point @(@thr&%@i@@%ﬂh Vel ichs anld ﬁﬁ@fﬁéﬁﬁeﬂ 3820 Elbv@its vilve 608 is connected
sixth nonitoring orifice 618 to twelfth val ve 622.

| toTICrWéﬂ fth valve 622 is connected 30 to LIC 554.

R e e

612 alﬂﬂhﬂi e:@ﬁén@ﬁ d44 né forgr QhMiged tmzlt]ﬁled pRaiuehel e IEXChlaﬁged rectified

cooled to form final praoduct 632. Praoduct Ctgogg?h c?[
produgi$d 4 lemglowespast teripwetond spamitoring Popy oA xand fyopgh product pump
. S SIREIASR Ml PR B s
618. $i3th rowitwittg aﬁﬁdeh‘d 84y sdnﬁm;téﬂ(ﬁo Fl&20NFE2daf¢026ed product then

PCTI US2006/.010639
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 moniforing 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,

15
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| wherwbas@em@m vRdEprdregen gt mdEch gigE mEXTiel

reactor &@q/ﬁjr@\tghr

FIG 5 shows a schematic process flow diagramfor a
mul tistage hydrotreater generally designated by the

0. Feed 710 is conbined w th hydrogep 7
f”r‘*@%‘ recycl e stream 714 in area 716 to fEFM}J%NW"l%”

nbi ned f eed d |
g%ﬁ%: ﬁwsiaiwh fi6 éﬁeésififi/iﬁég%?ﬁ R Rt 36oteo irptgpater
genergl'ilj %éﬁtb thd fﬁﬁm\éﬁ? 290 | fied d37 Ibgﬁﬁrﬁﬁnécpwg’thflﬁﬁfﬂg%h %% and first

out first reactor out put
recycrelsumtﬁafmzl usaucta 7id emifq:rm cfommbmefd ﬁesd—hydreggmre@ydie rseram 720, The

combligle& § feldggrthfé:g%glt LD u' n %‘W lflﬁlbg.l‘ﬁ;? 1eae al tofa zgﬁwﬁere it is reacted to

form Sist +RBGE orftfidt ﬂ\&&ﬂgos tI‘hb PRe &eé&ﬁﬁtoﬁtp&ﬁﬁeﬁf T864s aivededas form first
H S, N113, and H20_ are renoved to formstrlpped f.l ow

recyclpstrealst"/ 14 prrd st comiirEng Fegcion HawJdist Aiea Tag+ First continuing reactor
flow BN AR st Wtlon2 s AR SRR Mot Subh od 1,8 NAL Thd H,0

I'n area ormc
are refifovédioddrm yidipped fiomer30cl e stream 760. The conbi ned

S SiEPRe oh 7046 Hrn ST AROigoal hadrORen Db andicgpnd recycle
strean%?fapﬂldar§fg§ﬁ@ B#thfh%ﬁédgﬁﬁé%étﬁ hgr ! eﬁ%‘c%fé HERRIB0. The

out put I VI 772°to form .
combimed eﬂmppmbhydrb gersraoyelnsitban 760 ﬂom dmtotsammtmtrem 764 where it is

h t I ' .
reactef & T GO ArPg oWdel ordt B¢ sand 1t SRRkP hawg703s
divided hRa 708 tSI A ééc&‘n@fec}yél@ uirehm .754 ] ﬁx%&ﬁét%tpxﬁ 780.

controlled by the leve he liquid in th ‘
r EK@tGoshows rae@heme@@ fcgtaoimvrsﬁxzw t¢sgws systern, gqnesetllysi@mgtlafed by the

] 0 %5 0 b5 5wH S A6 e v

in the $&IrNBELsh @é‘dﬂ@t@ék 0686w e BtPRiRt sl arad10eRbugh Hst orifice 804,
exits first split area 810 through third orifjce 808.

. RecyclashispatediprofuehRioelpweiata segopdt erdten S0ormadithe porghined Fracled

a5 Bl 300 LB U3 o 6t 3, combind

recycled ¥ewtel poduet andfeed 8¢ 0 titbnentees miixdr 820 ti3d@8gh fiise mixer inlet 824

o 2 X h
quantity of hydrogen 832 i s controlled by ygflg%;gﬁdmlxermlet

328, '?l?g%\lgc\ﬁﬁ 0 P?ggéﬁeﬁ?&%ng E&?zﬁ%ﬂo d g?%ﬁl %l!cl)r%llvg ?2? aRgf:zvcled reacted

produd:iffbedihaydre@ﬂ &2 B4R, mixecy2 ﬂaﬂ)ughamkexcbuﬂet 826 and flows info reactor

840 ﬂ%&%‘ét g elpfe/ gégcf%e&gggzz )@? gqu?lgcigeta %d%éfuc%eedﬂnygmgen
822 ﬂ@\‘vQﬁHG&% SeAAE 88 WIRAZi FEREL s rea%!ézﬁ%acte@s and

d hydrocarbon gases, 845 cone out of
produst&bed/hmmmmm Igtdeogen gahend b@t@nd hygdrocanbos gases, 845, may

45 t 40-t h
come S0 50 s b SRS, T BPGSIGH 1 s 48 apgred o
reactof Sm\‘h%héhrr@ﬁtof 836808478 4bhel it GMidh dakéCR1BAE rdfioved from
control % vent valve 870. The level.of the liquid

&t 708 thcqlleﬂé’éfdveﬁwﬁl%ﬁg%w 822 is

TR Rt B g R oo BRI B R

level doﬁ&@ll@fksowlﬁahl o ddovedatalet B@ﬂGOS APihkeilons oﬁH@Mﬂ réd}@led reacted
desired liquid level, level controller 850 w |

produ@(fgﬂﬁhyctr@gqmy&ﬂ?dg@ﬁ abava/féﬂe gggiraddiquii-lesels @V@lrf@na'ﬁﬂgfrﬁw will

s T B el bR At 0o
qmd Belyolad ritRtdgsbaes/ ibédbydioganid2, drblﬁz\fxﬁilovik Ghe desired Hquid level, level
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1026 apdlowys mOABaCtpRL0

et R0 RS2 oIS AR 5 .

20

WD 2006/ 102534 PCT/ US2006/ 010639 controller 850 wil |
signal to hydrogen valve 830 to decrease the anount
of hydrogen into mxer 820. Reacted liquid 846 exits :
wioeaed/ 5840 t hrough reactor outlet W Reacted PCYHUB206/01063
846 flows into second split area 940 through fourth ‘
controfled $300wilRdghalieh girogern walep3 ioi detieatetbe inowst, of Iydrogen into
. sSplit reacted product 952, which exits second split
mlxef§£@ea 940 through fifth orifice 944, and recycl ed
g é&"c‘tegﬂjﬁcg ?ﬁ& ExiBABadbl $4 B¥voh réRERMISINAL. RERBAIIMRIA 846

throu orifice 946. Recycled reacted product
flows Bff®sdcend spiiiadeat H0dhprgh dowth erifiaerfs 2001ERre éfis splitinte; trg flows,
e, with fres eed .802 at first. spl| rea.s E
spit s Er oL e P s o PR BBy A0 pligee o4, and
recycl&EREERE b diesd W hieH cRifs §d6nd it ALHIEIABI thiAGR sixile beifice 946,

the quantity of liquid in the reactor is controlled | o
Recycleyl redvécdameduat 956 i prrpeed thzoyigh reqycleaumpedRQ beforemnpgpg with fresh

ed- st oe. flows into first split area 1010
fwdg{):ﬁ?t%aﬁspﬁ!éég%gpﬁi ce 1004. Recycled reacted product
11766 7fshews aisoli@nsrcfon d downffloverekQioh syiain t generatiyidesignated by the
recycl ed reacted product, and feed,, 1012 rst

’ oets

numergly} (00 vehesatheomentiiyal bighid i therariot sconzoed by Bisi PR of the

gases inth¢/ féa?%&%ﬁ’?ﬁlti%gd Eﬂb?ﬁ Y662 ABds 116 Grd Q% HELT0 RS Eh first orifice
m xer | it

roug rst mxer 15 inlet 1024 where it
1004. iRecodabiaaedd wraduchy titofiews i0S ggcont brfice b andithg epmbined

vt g s S0 oS b by G2 R e oo
Combindd Pecybled Y&dcRE 2&8@6& §8d R b ety B agan20 @Rdugh first mixer

exits“m xer 1020 through m-xer outlet 1026 and fl ows
inlet 1024 whereatiseombiukd with bydrhgere ¥ 2o whioh| esters orviper 1039treugh

socond G55+ Hen, 08, 156 Y o b RRHEG 08 e B B8 vatve
1030. Acyéled RAYEH SFodiRI A thyBf2@H Q022 egiey thixds 0QZ0thEOZgh mixer outlet

“h d 11 gh h
oy B3Il DS hesugh EcAstordvL | 400 T FRSERIO4 Gocycied

recyclédite@ctald prdthuciifcgdbodroked $02hreacts ciyayagbnigas and tight end hydrocarbon
1040 through orifice 1047 is cqontrolled by vent é‘?djv& 1045
gases, 1640 maprrons e salugpn and ég%mﬁﬁ%rﬁ ahibs tomet TeRgiRt | ases 104

are rerﬁélxgerdqfﬁ géﬂaicgggagﬁréﬁ rea@%)? oﬁﬁcgpﬁ]‘]i?t. OFtdafil at IR S ! 8s 1045

contro I's above catal yst bed 1060.
are rethéveditaes sedceordD40 gasagh dffiée 10476s caftmledityevedtsalve d070.

gas pressure, pressure controlle 050 will si to

hies Brgare ef <R Aot egb e %é‘%%‘?ﬁﬁ gaéPS:%gg: are
o SEGEIIO TR AU nkD s BRSNS T0c0098 0% prsmc of
gases DAStrisel bleoveltBs Aesiteld| gas prpsalres presshyavonfreHer H)Sewilbggnal to

to increase the anmpunt of hydrqgen into m 0.
hycrogst VAR 1p BT LIOBBOY HL o PRgee B s gy BLgRpressucoof
gases I%C&rgﬁs s he dQM cReBRE AT, REREMGOonEONE T050WSill sidral to

second split area 1140 through fourth orifice 1142
hydrogensrabve 103040 épsréase theramounke! hydingen inte mixerd 920ed

oduct 1152, ich exits : '
hriigrrtninofb e BT IR BRI Eeln TR 1Y, pescted
produc? Ll@d@ BEW% 136 sebtinahplKbded 1380 aReugPlobith afiGiae 114D where it is split
rou
into two ﬂows% split reacted product 1152, which exits second split area 1140 through fifth

orifice 1144, anid recycled reacted product 1156 which exits second split area 1140 through
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17 WD 2006/ 102534 1' CT/ US20061010639 sixth orifice

1146. Recycled reacted product 1156 is punped through

recycle punp 1160 before mxing with fresh feed 1002
WE20p6/H3834sp| i t area 1010. FIG 8 shows a scherftly¢52006/010639

for an up flow reactor system generally designated
sixth opifice A &46.nReesickad readed piedues 11 pe 1&9%{6#@08@ recyeledupp 1160

t he.rea | vel of the 5
beforeppiiaith BpstbRed A0V R b el A E01 € ook 1200 1 T ows

| FIR fshb®s asphdrhathy fofad gl ﬂo’ﬁvfréﬂ:w@-h;yﬁtems tenepd]lyf destenated by the

1204. Recycl ed reacted product 1356 flo i,nt ? Pfdth
numergl 1200 gehero s axamtityRf Hapipitirgart %WEP%‘?BOVE% *g‘a ol'the

Hquid PﬁLt?lg &'&%’co@n G dofi dl%&lgﬁ 12%% (%o%vs C% ﬁ%ﬁlrﬁtngkl‘F Eergégﬁf‘o #2d8h first

thir I ce
orificeri@fét mCmmMcteapmmem55Mam@meMM 1286 and fe

+ combiggd RERed ke Pt v EPRe e iRl oY E%Mggghmd

onﬁcet1|208> u @Bnﬁﬁﬂéart@cﬂé@feaasd dhe28d el 200 Ay driter® kmixer 1220
hydrogen 1232 i's controlled by hydrogen valve 1230.

thmugﬁéi:ychﬂdr inded ?ﬁ% V@emtlm@omdlw@ xspeenl232whick enters mixer
1220 gl a0y hRIE %Y ol G orhSdDgBR 1A RfniBhc oy

. hydrogeRaalver1 2384 Recyded fdacdd priautettedhpdtogd 123kl drineel220

1222 flows through catal yst bed 60 _where.it
through gaigeroutles 1226c3nd Rervs ’@Eb’feéﬁ%l%‘lﬂfgﬂ“g% seachey gt LA, Inside

o 28 S5 AORD AU L 1350l st b 106

where acreatmul A escatledl heactadproduct/feddtydrogeR 4322 Rasteshyklzdgen gas and
are renmoved fromr actor 1240 t actor or |

light cRRylroqmion gaies, WS HEL OG5 OBLO! SoBia ahE Srauiruyela o e of

reactof 2O ﬁsggﬁlﬁt 26 P4 &eﬁrﬂ'cfﬂl 9&?&0@0@4540 &I&%&Eﬁt&%ﬁbﬁ 1247. The
vent valve 1270. The level of the liquid recycled

rate at mdnixt me:plmm rémedidHyuin oepeter 124 threnghomificeridd 7 as controlled by

% bﬁ/ control l er 1250 which is above catal yst bed
vent vai3e 270t the | evel of liquid recycled reacted

prm&eﬁélloff%féiﬁ&md rQgeRd lé’a%i’edrprﬁmct/@&ﬂmdfdg%n 4233 tsadonitored at

qui d | evel | evel” controller 1250 wil | gnal

to
level cmytmltag 4R350 wihich is 2Bove eptalyrs bed 360. N ﬂsmlﬁmhof leflmd recycled reacted

oo SRR 201065 80 4 o D Bt 1250 win

: 51gna1 ﬂﬂi gﬁw@wlmolm@wsd thecarrbunt of Budrbganoptmiakt £220. If the level

oladrecmipimecisd el BebhsaB e s v e B v,
t
ot AR A A EaE i
into mﬁq@f 1220nrea 1240 t hrough fourt h orifice 1242 where it
bt b A ST i
producg )ilﬁ%é fifws Bt ’s EP%% ?%’Zr Oﬁ?cﬁfrgﬁ Qe %ﬁwﬂ@}b s split

s secon sp area 1 30 sixth orifice
into mb&lkﬁvs Belityrehatet] pmdutteusw whmhtexﬁs%omdssmm apead 3¢ tonoygh fifth

ot 5 BB 25 DR B G e S e 1A v
sixth 0%19(.‘,6 28441 PREGRIVARAIEPprodN S 1256 i9RRRER thibugdR $éFaRI shp 1360
before mixing w1th fresh feed 1202 at first split 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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inlet 1424 wl;ergziizia combinediwith bydsegas ked, whic : :
o508, T TSR OUAD B PSRRI S e

nuneral 1 400 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
WPI2pM{102531i t -area 1410 through first orifice 1FOAYS2006/010639
2006/ 102534 - PCT/ US2006/ 010639 1404. Recycl ed )
1404. Reaydletirepetod pradutt 5556 flowsintnsesordedier MQG?/anééhqa@abmed

reseiioh B RO, A YS! SRR Bl B P hines 1005
CombRied FdcGEled 4Q8ted frodiit BRd fded L) dtinlcated eiikaprl dPD giroagtdifirst mixer
feed 1412 then enters m xer 1420 through first m xer
CHipER Brough

By 1449

1430. Redydgbrravtal peodub#BRd/hiRdmygeh 8422 exitstraiter 1420 through mixer outlet
roduct/f eed/ hydraogen 1422 exits juxer 1420 thr '
oo B SeE et YL SE, LU22 Bt Tt 20t U ol

' ' L oA @Byt BAT 1450 WHAR it reacts. As
reacteﬁr %&%%gggﬂd%%o%woe%/ h% ogen 1422 fl (laws

recycledweactehprodedl fped/hipdm gan 542 2neacts Hytragsa @es andiight end hydrocarbon

: I cl ed reacte duct [ f eed/ hydr. 1422 . '

gasos, T8 GRS poRcou ) SPIG ShoC R A B om T GuhBEFARD: Gases 1445

are rerddVea froBRYeab T8 420 thrh sthi SRNfGNILATC THRhd e which fites 1445
top of reactor 1440. ses 1445 - are renoved from

are remaedfiom teadwr 144D thyhugheerfien 1447 iis adrolled by venievalyg $470.
_whi ch 144 f
et gess fazedth Bl SRR LYol 1S, are

|  monitokéd & prddfifraioREHUEL] 450 ek fsabloyel cagiest tasddl 460 g i the prbssure of

' 1t%gr_ocarbon ases, 1445, are nonitored at pressure
gases ¥Auises ahwve the desifed cas peesapensessuieaopelierdd-9 aud signal to

hydro f{tfglgrla% §§f§b’ (& A reast I IAREEnt Joé'ﬁgdfggﬁftf?)o@g%}‘ ?124(5‘5 glf vt\ﬁ }?ressure of

gas pressure, pressur

gases Bi48iabpsiteldw dicodsired ghypredshis) prassute contasliertH80 sild aignal to
of hydrogen to m xer 1420. léII‘ t he pressure %é gases
hydrogenyelvgridae 19 EICETRSE s et 8 @3598%@%%%?1 Qssure

fl@égcfeal | Sducl 4286 Weikd retéétgjp?ﬁi%)t | O()élg% R dural Mﬂfﬁ g%gcted

o 1 ncrease the anmoun into mxer o
produdRd 44 flowpimo setonf4pht sea 1 544 thaatghrfonuhd Orifibe biAPhwhere it is split

- react tlet 1444 ted 20 product 1446 f
ino s SR TERE PROCHS TN BPRRULROPS Ry | Y9 daroush ff

orifice 1344, AAGLS é:%éd li?%dtécﬁh’ bidduct 1458 wieh bxigVecosPiplit afe@asHe ﬂﬂough

product 1 Ich exits second split area 1540

sixth otifice 156, f R édyioledaendted protsail 556 neipympsihtheenghasesiclapump 1560

pr.oduct. 155 [ xits, secaond it area 1540
bef"retni"}?‘%g’ﬂth gF&t #%ﬁ??f@@%ﬂgﬁ aﬁ‘é‘c@@b'ed reacted product

192 10 SheWETR 86hdniitRUBNa H6%H Elo (o adRP Hystdif eherally designated

mxing wth fresh feed 1402 at first split area 1410,

by the 2BmEtaG] 800 whetbe quargiie phtigeidfin thegeadomistpriplied by the level of -

AT M T ——
orifice'1804! RecycledRAbicd pt@ihcbyo3cBoweintd seebnd blificd 1806 zhd the

the reactor. Fresh feedstock 1802 flows.into, first )
combingsi reeycdedsegaqted praducharshioed 1 812, exits first aplitawen 1%@@@“&8 third

e T ted produc i iLf i ;
T T
through $t3 mig¥ fnfet 1824 twherd it is @mnttindBWGh hipdogeh 1838, whiclBénters first

orifice 1808. Conbi ned recycled react ﬂ Err oduﬁ and
mixer { §¥Hhiaph seeand s ok 1828 The pntity 98 bydrogen 153715 controlled by
first hydrogen valve 1830. Recycled reacted product/feed/bydrogen 1822 exits first mixer
1820 through first mixer outlet 1826 and flows into first reactor 1840 through first reactor
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through first mxer inlet 1824 where it is conbined
w th hydrogen 1832, which enters first mxer 1820

r econd mixer inlet 1828. The quantityp@fus2006/010639
'Wi&g%%gﬁélwz is controlled by first hydrogen valve

. 30. .Recyel ed r e f

08 s T o AL SR AL g 4062 oo

through 86 cAMYst HeaIB60 RilRrd it kaits! daatoycldiddactehpodyt/ fepd/Bydrogen

reactor " 19 WD 2006/ 102534 PCT/. US2006 010639 inH_hS a

1822 rebeigofirst onitloe T rogsh apFnaTiEne oo BETRPaor BaEr.p - may
odugtd heed! ol Firgthialyst bed gases

e L LB 5 1 R v it e

1845 afeaa@beet omdiret icheter!] S4dhoyeh first sewtareaiiics, 1847+ The rate at

which s GO0 oy 09 G L3 D ol -G8 AL BEG Rt ractor
0ﬁﬁce§§4’éﬁ%g5§§l Qf byf fifsb berdi9aREQA870.840. First catal yst bed
jgases 5

18
45 dre renmoved from first reactor %%4,0 +ored at
tThedexgh of thediquicsrecyaled arted produgiifred/rydroggh L824 is monifored &

w1 o PP B4 180 g dra

recycleh%&t&ﬁgx%ﬂﬁﬁtff@éd/ﬁﬁﬂrbgenf 1803 triseeatiove shextesizad tiquitievel, first level
| evel o [

the liquid recycled r ted . ‘
controlerd 860 wiMl eignakpdisaromsalvs 1o 1q Bregss e quyf of hydrogen to
. ley L& ' | yfesd/np@badny/ B2 dr

ﬁrs"%%@é(g&ﬁ{ef%{]ﬁé) fﬂ;@@%r@ﬂ&% ﬂgﬁﬁtd Oﬁ]rléé[t’:ycl e%&r%%argt ed T
below BHe@RLiesd fandldvel frgdevel 8@raties $85hivilsigna do des ibydepgen valve

[iquid level, first |evel otnoll§?1850vvill
1830 te fleprease the smeunt Oﬁaﬂ%g%m%ﬁvgmi@d & increase the

its" hot6r 18483 8roukh firfigedotoradutiet
?15%9 :E%tﬁll‘}%t %%g?@g 1?@%%%&@&%% uct/ f eed/oﬁg drog ee

. n 1822 .
1844, Firnpstalysebalprohectd&46 flows it geepnd aniger ISSOrtBIOWgB&l@rg mixer inlet

control ler 1830 will. si tq.fi '
1854, whaio vis carpbred futh hrdred oziich b SRR Pad(AErough
fourth Eﬂlﬁr&gr?nl%g 2688 Hhed ﬂa%ﬁ\;/fﬁl}ﬁrﬁﬁﬁén heok proodirolicd Bl 6ecord hydrogen

reactor 1840 throu rst reactor _outle
valve 18904 First ¢asalyadiedlpygiucg'bmg'gg@ulﬁ§t2 eliga@eqoplé\)%lx?rn{%o through

econd i 18 t hr. [ ' ' .
con 2Ly S O TR R g o
1902. f?_lﬁﬁ@é‘&cﬂ?%d(tﬁ{actb? 820%, lﬂrmthigésfc get; pﬂodntht:&gwdlrtrgwgé_ESE glows through
e quanti of . rogen is.controlle sec
secondqgemlgg@qd 19£® v@eg%g Qajagqsi @ttggré‘@a]% Betﬁ)@a)dugt/h}/drogenol%%Z reacts,r

roduct,/ hydro ' ' mialiceme but of
seconiiiioie hfPReR ot i) e sla BREORRLE kiles 105l picbmgiont o
solutidreRatREudORR 4 Midiglhf sevnddeactaddon. Sedosd catplippbed gases 1905
| nsi de second reactor 1900, firs

are relgov?mm nsennd geantarskPP0ARioREh #5708 54%%%02 g’?%tﬁa il alpfateat
i % | . 0 u o1
thhﬁg%’ & Ea%ﬁ%cg %:%steigggféréferﬁévéd frsth <6l r¥&dtodBD0 through second

reacts, second catal yst bed
reactoNyEfi@UBV7dasoktnsllddi tghsecanidveny dalve 3%Hbn gases 1905 nmay

CBheisachatine Gt soph o eaTRA ARt 1§17/ Sk @l sccond leve

R ACanRivst B&C1900. T2 level ofifibst catalyst bed
conﬁ@%%%@‘&@ggﬁ?o%%ﬂ ce 1907. The rate at _ whi.c

h ,
produstfitdnsbendBAR yises dmye heasdasired tiguiddevel sreanddorglsantroller 1910 will
second _r eact or 0 ou e iLEi _ .
stfagpond a8 1570 LENERA OB pafCAT Aiph Le8nd mner
1880.! 12‘&%1&%1 of stg:thfaﬁst s&d @lonaaljﬂgagbg@n 0682 titdpy bebgethe HBgiRed liquid

nitore second | eve
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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controller 1910 which is above second catal yst bed
1920. If the level of first catalyst bed 30

__product/ hydrogen 1882 rises above the desired,}i.qui
W(ﬁ)é@é‘ll?zsg‘bcond | evel controller 1910 will si gﬁg‘lrﬂ)tégﬁbsmmssg

d hyd | ve 1890 fo.i th
Reaologeriuy 0B i Reead roaplsgd DOT fEGHRE seEGufER} ofls 1904

Reacted afahé{tgf%_% _@rﬁ%&éﬁ&’ﬂi@%ﬁ 1586 i ANBURE losifict 1942 where it
desired 11 qui ev

el, Second |l evel controller 1910
is split Witb kws flgwa) splibreneted prodwptit Ue which oxits s@wodsplirres L¥dhrough

s oo g5 A B RE B9S8R I s s o
througl?ﬁhflfbr&ﬁ:‘éQQ%.r R36$d rEAABA bRdougless écpntipsdhediph recycle pump
outlet 1904. Reacted product 1906 flows into second

1960 befpte mixingwithgresh fead S8R af Bt spHigFear 88 1942 where it
oo e _ . _
Teh! Hioptsl @bl o MRiovtftioh phERALRR s PRt ineldtlesignated
by the RithéraCE00DSikre trechupatyafdiuidiadhentapgpoiivontroBebbnticgnessure
of the gasasin tRkepes o e P8 Aok S0 AOYBEES st it a® 2l pmen s

it Y BB SEAHEE 215 o oy Mo e o 2

S 11 shows a schematic
combirded redyclidwsadiddprothnet-and dedddl018 exite fivst gditerea 2610 through third

e 3, e B L RS P B g

Refod ebRbinef At a2 kwBRA2nters first
mugl?ﬁ%&sﬁﬁ?%?%ﬁ?%?%&gﬁﬁﬁgaream5010 trﬁgﬁ%ﬁ fi rs‘iv 10

mixer 2020fthwaghk 6@&4nd B?xymn@ 2%&%@@(1@6%&3{%@%% controlled by -
4 e 00 . > '.
st e S R0 b BB SRS it miner

2020 taBdh £ AR olhbt 226 @i flows iRGUEst réaundr 2040 theugh e reactor
react ed product and feed 2012 then enters fjrst

Xe
inlet 20422 Gnsidd Firstiggactor 2640, rpsosted; Tepeted product(fprd/Bydrogens2022 flows

C [ it dr.oge 032, ' '
L e
2022 réeRNfist Matmfysﬁnedrz%@wgea%ag ahdlightrehd biyiedardbyn bases] 2645, may

hydr ogen val ve 2030. Recycl edfreact ed ) bed o
come ot ofislutionend) asgumBlitaat showpalifirs reaofar 20 Eirst oagalyst bed gases

| tNE0Ug0s Bk Sk o 149, Fib$hie at
2045 apeImodpd %ﬁ’oé’isﬁ%%ﬁ g o g Hhsitshion M. | nside
which £Ase§204Fa6 teno R Bom festyrehator 20@dhredgh first reactor orifice 2047 is

lgéfduct/feed/ hydr ogen 2022 flows through first
contro. W?@W%&a}z@é’@7 ere it reacts. As recycled

f [ f BEERydrd t end hibdidtarbon gases
ca §1&§§P&b§%§ﬁ% rf%gg%mg% 9angy [ %ﬁ;&%ﬁ?xhy dr o% ar baoxnon 5
2045 agABesitorad 45Grstprgste cantmllonL0HF whish it stwive £iret catalyst bed 2060. If

the pfegsgﬁégglg% gg%ty LA sgta(s)%oﬁ)fg%}ls%ss %%qﬁ%@li%&%g%&rg% Pr?fsrlﬁé, first pressure
controli& 3958 %iﬁ%ﬁ%rﬁgﬁg&%ﬁvd@aﬁ% lto QédrEdse She A dunt BTdydrogen
rate at C ases 2

g 5 are renoved fromfirst .
to firstgiaet 20202 (fhetphessurgrofifirstaatalys bedgases 24 cdropy hglopsthe desired

SN (N RE AT -
the amgﬁﬁﬁro%?ﬁﬂ) B SRS $estdmixePdeoare nonitored at first

pressure controller 2050 which is above first

cRitsabatalysted r2ode:t 2046 exikeliyst wseior 2040 thrquedifirgleagtgnqutict
2044, g‘ fr?%c%?aé?% gégg%dﬁlcfc’ 5&4@15’&%& mtt(r' ?ecgffé fnrife‘ii 2036 ﬂ%ﬁ@lﬂﬁﬁﬁ’ mixer inlet
2084 where it is combined with hydrogen 2092, which enters second mixer 2080 through
fourth mixer inlet 2088. The quﬁntity of hydrogen 2092 is controlled by second hydrogen

-~
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controller 2050 will signal to first hydrogen val ve
2030 to decrease the anobunt of hydrogen to first

m xer 2020. |f the pressure of first catal yst bed

W drops bel ow the desired gas pressu]?(gT,'rUSZ‘mﬁm10639

first pressure controller 2050 will signal to %irst;nLr
valve A9, jesh ool Ebesmoctecy e S0 Ber i KPR gupter 450 throngh
r -
seconf SR} 8 bl Hrttaodli tdactdn 118 g ¥oopli Séuotor inle
2102.r msidt e¢cond r¢aetor 220840 rsFeataystbad atodect/Hyddogen@d §2 tloRG4Brough
fl ows i.nt cqQnd m xer 2080 thrqu hi r 1 Xer
seconf] gt DR ANAEE TLEoets. oot i bR Riyits e 2082 reacts

t&itarsﬁwd ' §89arobsrBewPasch 2003 Mhatffics®k out of
Seconélygélle ZOSg}ﬁIro;ggﬁ%ggﬁﬂF%tg% hgdgﬁ%n OSSZ IS el omo

solutiowand ascimstlaty atdbe topcHispenmégessiar Seww/d petziyst bed gases 2105
PCT/ 1452006/ 01063 2 i ey |
e re LR APk JoHD OLTeBet Sesobl bl BhRE 3o P b e o

whichSeEsHatatil Y€ be® Bhdee 0 109 86 ramcvdd Hovs seovind reaxt@ 1 00 through second
reactor 2100 t hrough second reactor_ inlet 2102.

reactor pEfier2 ¥Fds entralled s sepaubvent 13l¥e 2130 al yst bed
USROS 2050 LS 8 SEE RO i Shon s
2105 e asbuitbrddyat seped p2@Sarerceatrolisr 2316 ehinhds ebial spsondedhlyst bed
2120, b e THR b oF sGEM GBS T SEAEt L S AP e (g 0 pressure
secong ?&Qﬁﬁie £ f 2 PIPQu sigﬁﬁ%‘ decoBdl Bl &S EedPilva8eRPro’dPRase the

e renoved from second reactor 2100t hrough second
amoumtedbiydmogen tof secen®biier 2086. Habeprssurawi schonrbeatalpist bed gases 2105

t al be ases 2105 arge renoved. fr,0 cand.
drops Bag s eTisn R PEITHECRETHPToR DR o 1P Rigpa to secona
hydro8@¥=1W 380 18 Yndr64e Mk ¥Rint bR hydo to seRond'BiRressor e
of excess second catal yst bed gilqrogen and l.ight end

- hirgacteshprioduct 3486 sxitpsmand raacten A1 §theanshiseeandsartor outlet 2104.

React er§1§1§/ucr§ ?1@@ E)wr;vg lillg rse?chln]d%gﬁ@ iu%g Zilﬁ) tﬁpo By lqﬁce 2142 where it

e pressure oI~ second

is splitRtiwesiows dpliaeesed pRfRlutl BiS2, whivkexithescdad kplitdrgeti 40 through
pressure, second pressure controller 2110 wll_,

fifth osifign a1 44, gnd easied Rt estRdych PY 5 Bbisb orils srsord ARl arpe2140
throughBRHR brifke ?Yt@% g%%%cgegtrgf(g‘}%g%& 9 568 d :Lthl,tb% ; 8%?013 pump

ressure o gases

2160 hgbrewikhig wits fresoifegd 2002 eisfinst split sreadAti0.pr essur e
controller 2110 wi |l signal_ to secon

d _hyd |
2BBo 12shpe pegacanaticfon A8 gA1ont Wﬁ%@ﬁeﬁ{, gageliy designated
by thegﬂi%%'i'etﬂ %?.gg gvr%l@{;eg%% Elga@{etgg)?gi&ml%]ig EheSréhdisr 18 BERARGH LA Plevel of

outl et 2104. React e
the lignidoiduhd re2diofi Fieshvieedrntark<3202 didwsphiotfirstrsplit 2¢€40210 through first

orifics 4api Rgrclod e peobics 42 5 BN orsesond Grifs 2408 fidthe
combiﬁ&ffé@?clé@*ég%te???@dﬁﬁd A0 0D exdifh %I’shﬂc @Ht eh PO ﬂ%@aﬂ%n third

and recyc acted product 2156 whiCh exits second,
orifices?08t ComganalingOycledreagtgd psoduchanst feed 221 2thag entRescist miker 2220

turongh 55 e il fepey ks FPARASY bUhRUGRRCEESE SeBt aters vt
mixer 3p20 threi@dseeSiPmixek Galed 228N WS qRatth) OB dre 022 3Miskbntrolled by
flow two-reactor system generally designated by the

first hydrogeratal we2R3 OmRacycle geaptednrpdyctiéred/livdrageni2a22 wgits first mixer
2220 h&ASh Hrst xS O P b 58 a0y rbRE ise itk r@tor 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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25 the liquid in the reactor. Fresh feed stock 2202
flows into first split area 2210 through first
orifice 2204. Recycled reacted product 2356 flows
WO/ HR8Ynd orifice 2206 and the conbined re®EVEHN06010639
reacted product and feed 2212 exits first split area

2222 1‘%15} ﬁlritrcataglst vl naflrogani ga;s @:ed gglﬁgend(bydmcn@@n@g@(ﬂéa may come

TR R (T TR
remov@cPEBinnﬁgt 1‘%&91‘ Pty @ﬁ%h%ﬁ&%eadﬂ&ﬁ ditficenar sThe rﬁé aB®hich first

m xer 2220 through second m xer .inlet 2228.

catalys bedhgisey 2245 trpaemgesd fomirsiyeacien 290 tuquel ﬁrsft F??@for orifice 2247

: vaI Recycl ed reacted
1scontrc¥%8%gregnr]s ygggé)?eon 2222 exits first mxer 2220

t',t‘t[dlldgél of itiesliquid xeercled réaetedR@dictfimtditydmgen |2f222 is menitored at

reactor_2240 t ugh fir t r r
frst loyg) gppigoliar 250 PN S @59‘23‘4 Bé%y%t%éé 2080l 165et ortiguia
recycle?lrr‘égnf{&i Hoﬁﬁ%ﬁ@é@'ﬁ ﬁ% ride@WBovelthé QM&dfﬂ hﬁi Ievel, first level

cata relt reacts. As recyc
controllaa*éﬁﬁ@dvﬂrszgﬁabito/ ﬁrebldydnqghnoglm 2229 W@cmﬂmmmt of hydrogen to

st s P AT o eden] Y g ot Bl G usiE g roes

below HRsir@HiqBll 16ve, YirkiQBvel RentAsIf ME el Siknilhts Hr&thyafogen valve
reactor 2240. First catal yst bed gases 2245 are

2230 to densease thie mnownt of hydregen wito fpt ixdr28d@h first reactor

S5k S50 oGl 8 el 58 A G owier

2244, Fﬁmwlyét b brodesci s v mﬁ;esezaﬁmu&:r p38® ﬂﬂbﬁ@j ﬂhﬁd mixer inlet
first vent valve 2270. The |l evel of the ljq

2284 “ﬁ’@tﬁ_ylé iscepritined with pydwger 222% HGHFge ﬁe%aézm?@ b550 through

B itp i e o
valve 2200y Flrethatsiost bed pﬂ‘fdﬁdtdh:ﬁdrb@dlﬁ%}’l@cﬁg soAd Rixen 2989 through
above the desired liquid level, fir

secondapyrer owtic 2230 apd fipw mip gwdtr%aqqrr@% #lgrgillé{,q%?w%r%m inlet
2202 R ARERHE 0 B ol e AGAAE 20684 v

secondpuntadiyst béd 2320 Whebe dgeeact@ 2 A2 ﬁistaqatalysbbﬁnpmﬂhﬂﬂd&dmgea (2282 reacts,
. liquid, I f t | | | 2250,
secondcafbiyst bed Rytibagbemanieh: s5Ehyd Soatitn @adePiamay pdlff out of

somnoﬂ%n@ Ye PR Re bR th bBecBhd Riact2 2900. Fidcohd 6Bkl Ja8sk 2305
product 2246 exits first reactor 2240 through firs

are remrovad fiom snwonéreaciz»z 2300 firough scaond seactobefier SHITe Thexae at

SRR, RUTEE g E R A pa—

reactor&3ie 2907 fé’bo%ﬁbﬁé&b §€(Q;§iﬂ veheRItve22830. t hrough fourth
m xer i nl et blquantlt of hydrogen 2292 is

dthetlewil bédaekiirsfswdm prasiye ydmgem?%zgsmomtﬂ@d at second level

o353 BT SOTR 258, Skl i i

bed/hy&%geﬂ'ﬂ d282Acdk abovaiR debiraliiduis dsel) dedopd déve] chittiter 2310 will
I nsi de second reactor 2300 first cat al yst bed

signal torseennst hidyegengelve 2299 to |Heﬁx3399 f'ofammée ¥ to second mixer

2280. gﬁé@ L@G%Wégﬁgstmg %)g%déxtc géﬁ 2 62 dr r%s% S%e%hed liquid

 level, sbeshd Ty ekl eaatfoltsr 2320 &illisipinhl mmﬂcageb@m@me t@ Bldbease the

may come out of  sol ut| on and accunul ate at the top
amouniggf hydsegsd irteseeend B0 2282cond cat al yst bed gases

Red 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

23
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are renoved from sécond react or 2300 thro"ugh second
reactor orifice 2307. The rate at which second
renmoved from seco

at al yst _bed gases 2305 are
W?’e@@?’@’ﬁ‘soo ?hrough second 25 reactor orifi cglg%%§2006/010639
. .18 controlled.by second vent..valve 2330. The |evel_.of
i i 0 1 L6 ol ot oh B BomAae: WhA e heroon8 3o Grea 2330 through
fifth oREBE bOAL %&Ee%r@féﬁ @Qactﬁ‘é;ggduzcg ggsa fav%ﬂcﬁrexﬁlé $QoNRisEIk dréa 2340

above second Cat al yst the level of first

throughssixth psifice Ba46. N eryotpdne228Pprodens 2356 thmimtied thresigh eetycle pump
li~quid Ievel, .secpn el . cont.rol | 310 wil |

2360 bsqf%ﬁgimqﬂ(?q @E%Sfﬁgl %ﬁ%?g@ﬁt sy sp, b %525} increase the
aRIGING Hbwh wGtRgedict Br &E6H AdwtinoteactOr geherbl)¢ designated

l evel of first catalyst bed product/hydrogen 2282 _
by thegugissal 408 wherrothg ggamtiy of ligiifdn thegeagtor 15 eewrriladdwdhe pressure

of the g%gg hgﬁl'e%ac%&.l %&n{jﬁ%@%%@@ﬁ@%ﬁy SnR9en YA I()\#grough first |

O increase t rogeninto seco
orificer@40dr R229fled Reetet erbdmen2t 56t i@ intesecbrd sificaZi0temdtthe

corsiF oS SBRTFES RELEAPY b5 oS8l o i

ificel 308U n{tRNed e Ried tebQed d%edd 2 t ' -
orifioc M08! GRIAEd e U82006/ Spfay iges&pﬁltéstihﬁ)‘ﬂénﬁsoﬁmmer 2420

through|fsispixepinlet 2484 wthert ipisoubntineZ3%izh hydrogén 2442, svhictoanets first
e DB, e Bl 28 Sy BE e AP s comoteay
first hyddbgdn vl 294 Q{ecgélé@ HaBted p¥d dhcRTdefiinG8ro23d 8 423868 mixer

reacted product 2356 is 1ki)urrp_ed t hrough recycle punp
2420 troggh fedt enisergutieh 24 and Hovesinta Gstireagiop 2440 thirpugh first reactor

. i -ar 2310. I 3, sh a SC ic for

et 280, o B oo v Ocrcdit RA RN pRIORSO R el 2R s

through fiest RuxBYsabe 248D Whet & refids. NS RdcEléd 8dactdddizbdudtMeddB drogen
tor is control]led by the pressure of the gases

reac
2422 reacts, est catabisbbed Inydsegenigss and liskierd hydracpees gapesc?445 may come
ori _
out of fiin &l sconbi & UM Rep 400 Pl GG Do gases 2445
are rentovietl ifoen Fdd Geaatud 244€ tloondl fittreaeioy olifice 2447 tHk rate at which first
W?fqg(gUCt ?ﬁ‘? feed, 2412, exits first %i t. area 2410 .
catal g6 £HTT #re 190 Femdrsizegsto ithroyeh dgsf apastpr orifice 2447
; eed 2412 then enters first m xer
1_S °°“%°Z%%‘°§?E%ﬁgﬁg??’?g%m xer inlet 2424 where it is
Chelpiressdreefidrcesg dirstgpatal i B&] hydrogdn @t leghs ehd hgdrocarbon gases,
: mi xer .. 2420 through second, ni inl.et 2428, The
2445, {15 AP T QY e CoRBOlGT IS e 3 s, st ptalyst bed 2460
If the QEFix¥Rakidyst 680 gasRe 043 BebsT88¢d BE desired gas pressure, first
product/feed/ hydrogen 2422 exits first m xer ~2420 ]

pressutelsontuefterf2458 willisigmal iofirsidydpages vaha 2430\s deareasefthe amount of

bydrosp R R it 2P LL AP pishinie of BB ety heaoite 2445 rops betow the

desired0¥a8 Prsbirbearbt g%aﬁﬁg eshtrARE 284 PWSI sibhdl ﬁ?stfh'P'ﬂﬁrﬁgen valve 2430 to
460 where it reacts. As ed

. catal yst bed \ . : recyc
mcereasg dipcaraein od dydropeeBdy Ayl noge2420422 reacts, first

IRl NP IR, SR Al D oW RRE R ot
2444, BirstichRalys0 Pedprokinisid46 drisGnitoddéhd hives 4SmiabyS thid@ thixer inlet

ases_ 2445 are renpved fromfirst. reactor 2440
2484 W?xﬁwedu@womhamd with bydogen 249% apclyentery econd paixer 2499; thieugh

fourt iR ol o8, Ml a5 oSOy 25, b FRAN H B pyppogen

valve 2490. First catalyst bed product/hydrogen 2482 exits second mixer 2430 throngh

second mixer outlet 2486 and flows into second reactor 2500 through second reactor inlet

24
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is controlled by first vent valve 2470. The pressure

of excess first catal yst bed hydrogen and Iight end

hydr ocar bon gases, 2445, are nonitored at fir
WO WG YRS 4cont rol | er 2450 which is above first "Betruszoneintosss

catal yst bed 2460. If the pressure of first catalys
2502: Hosidesesend pangtor 258@sfirgtnsialyst hed a@éwtﬁvcyd@%en#é o étﬁmugh

coon BP0 A0 00 L ooy 46 o

secondY#ta9aRd g dfdges izashudligit 420 hydrbedrhen gases 250%maf come out of

first catal yst bed gases 2445 dr
solutigpeandy %@@3@%&%@% {soondropiudsiieSernd, SR oot behggses 2505

are re J/éd ﬁé}ﬁ @t@éog%lq?&dé&s% ooMHoR Ebc\'ﬂﬁél Yt 3RAEO2507CTRASE: at

rogen 1nto first mxer -2420. First
whzchesaﬁcaid}cfataljmetiecb gméa 2502 Geraaiadsrdrh serond geastarr259A 4lgrough second

' fi.rst tor out First catal yst
| feact%@agﬁ?%ﬂk? %&fgf B899 ‘6311&‘&38% m' xer 2480 t hrough

t Thé PreSiXEbs btk secgﬂtﬁéatdl@ﬁfb%d hirdroger ambligte dnWibllirocarbon gases,
hydrogen 2492, which enters second m xer 2480 through

2505, ammomtqmetrsecwndepremconmaerqzﬁdﬁtwhlgh srabRye pesged catalyst bed

20, 3 R T P 500988 0 G030 e o,

secon fé@éur@é&ﬁrdlﬂ&f 28 Dhwils ﬁgﬁdldo Mﬁd hpdrogei val48B49t decrease the
flows into second reactor 2500 thro secpnd .r eact,or -

“amountof Bydmgenio o0 mivE 24P RGBT Eed cgyst bed gases 2505

ps B DRI PEASS, FEOR SR Bt i s

hydroedvalee2Dioste itcredsetbaameunt A hfdrogén niu mcynd ot 2480

i arceroRi 29N ekt FeeoBhireRa P SEL HD Getl ToagS guijet 2504

&5 ¢ | B RN AGEH S Pineorth foih bARcOD542 where it
React o%‘g&rzggéflgﬁgg%o é(;ﬂ}gnd cat al yst bed gases 2505 5

is splibineo mﬂmesj splitrensted praluce252owhizB @8its second plitaremep40 through

st o Pyl S progReasorsireP ariet P anE yir B R e area 2540

throughG&®&h 9 hﬁggg%ﬁ hRes@eaSREQBHIprol A 556 Iscﬁ_h i pedetheh@h réycle pump |

contro second vent valve 2530 pressure of

2560 lmfmesmxmmwﬁ@ahgﬂegl%%eaﬁﬁwﬂ@@ma light end

oFedaR088 acpamrasio 83 ol Rl BhHoallor SAGAR poneraly
desigraflddyWihé nli@eral 0866 3erd the hlumtity 6Bkt ipfhe seaxtords controlled by the

catal'yst bed gases 2505 rises above the desired gas

level qfithsEquid in theasenter- gireshsfred siogh£8QA flaws miq frsisphit atea 2810

oo 7 05 s RAED L5 990y AR EERRA o 205w

the Gogiblﬁ@altté(ﬁ!cﬂidd I@@&@ﬂ ﬁr&i&b@é@d&be«b @d1paxits finh Oplit ateP&10 through third
el ow e aesire I ess ressure

orifica 08 Slaneingbmuyelel Forsiagimancich s en 401 Fhem it st i 2820

througfy 33 s BECAYR e FTBLSH L0 SAEASAERch P2 SPEER Eaters first

mixer 1282& tieougbitohd rdxgtorifize @828.r The quamtiguof 13{(1:@'@42832 is conirolled
React ed product | ows i S it

by ire Budrogs BAISRSE o0 RACHsIed Teee B Rgt e hyrorin i gts first mixer

2820 tythigh Secongi“@m]lét@iﬁbg aﬁ&ﬁ%f@%ts &@a@t&tzg%ﬁ%ouglme%&or inlet 2842.

I't area 2540 through fifth orifice

Tnside2Edblor 2840, ﬂeeyqledi echotedgrodubt/fredthydtoges 382 Wowh tengl first catalyst

bed 2860Cv91r116re ?‘r@lealtctts aj&g ?ecycle% 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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through sixth orifice 2546. Recycl ed reacted product
2556 is punped through recycle punp 20 2560 before

m Xxi ngovmth fresh feed 2402 at first split area_2410.
) 2806/Y025%hows a schematic for a down flow nul tFCHER006/016639

reactor system generall desi gnat ed. by I he nuyner al

reactozgwmgéﬁrﬁferea%mﬁlﬁfgﬂ %ﬁﬂl 146 Fafe plwhicl frglgatabyst ped gases
I o

2645 GBI Yl 294 5 L g0 Rob Ated edrgconrg by e
vent valve@282810 through first orifice 2804. Recycled

react ed product, 2956,.f1 0 | nt cond orifi 2806 .

ame ket ﬁ%ﬁ%ﬁ%@éﬁ@@ﬁ%ﬁ@@@%@&% o 2 monitored at
first 1dvePhntrdfd2285®rfhieh id bdbe TPt ichiaBsfRed2BE0. THheuakl bhiigdd

orifice 2808. Conbi ned recycled reacted product and
recyclbé eche8 produistfeedfitydrageni2Bad ristsebpve e desirad lara lavel, Sist level

I XeLo4 Nlket. 2824 where it 15 coph "
cons eSSt E R e PR B o Ly R BSAEEMEL AR hytrosen o
first niTker€820! ¥ifthe evaBaBliquild eecitlen kédeied groduetifeaddiydPan 2822 drops
_ controlled by first hydrogen val ve 2830. Recycl ed
belowrtba dessigd piguidevels BestlavghroafeHerypd vallisignal for aret ydregen valve

2830 R UARED th? %J?clléggtdr@l{yﬁ%%h% YL 802826 and flows

INnto Teac gh reactor inlet 2842. Inside
rB‘ﬁQttdfaltal)%SB&% p]foﬂﬁgﬂcﬂf.&!ﬁ fiovasdhicsepomidandet y gg%gthwxghdgn e mixer
) 2822 ows t hrqug j rst cat st .. bed, : er.e |
intet J88 Aot NG SOBTRRLHH R OSETOGEn B NCISH BT PP gERet 1880
tbmu@f&éﬁltxﬁ gﬁg&ﬁmgi bESt TRABMAT of28d:JpAnegE R @RRoAHbY second

hydrocarbon gases 2845 rmay conme out of
hydrogal wilveo2890afirsh catalyst exdepraducthydrogen 2382 exdissegondguger 2880

throughisaondpiean Yokt O0 d08 DY AsgeE BebEdiSpezodn i

reacts! iA[s:sﬁlrstr Qe be&bﬁdﬂ@%hg%ﬁéﬂen 2832 réaatse setondBhtatyst bddSydrogen gas

cat al yst bed gases 5 are renoved fromreactor
and ligig 40d hivdrooerhoh igasss 2085 mayrcopre cut ebsabatinn angl acewmplsis addhe top of

first t val v 7 The. | - L QUi -
seoonf Yo iea SB0 SHEUYErRARped B3Ry AOE h Ogh8 i Abhcons
reactof BAGESPSEY. athe 18td Athsaich &¢6hd ealstdel @ase3dH05 akd remdved from
above first cat alﬁt bed 2860. If the level of liquid

throughersyendgartenetber F0ds contralled terrargarenbusive £9%ks
c oY bl SR o Po iy B2 s gplred o

second &3] éddtroller E%l@e?qfhihlh imt'lmm }‘se@ﬁld hytgl}lsgmd 5{923 fIf ﬁEtlexael of liquid
m xer, 2820, If the le .0 i qui,d rec e eact e
frst oyt ke st hySROGGR U S s APBFE e SET G Rl aeh piigad level
f
con Al 4 5By Rt TS0 O s
hydrogémienecaid thixdr 2880 IfthelemtbodiliqeBOMAXst Fitalyst bed peodpst/hydrogen

ot e BB 020 B RO e ALY R o

' | | ' 2880.
hydf°?%‘?%%8‘ﬁf§9§’§‘??ﬁ°f}*}]@xe girie FEbEIRIRES Th{eﬂ"ﬁ ﬁé\cr?t% ??ﬁ of
hReaciegbmrod8&2906 exiin ryastor 8840 W@@dﬁ@btomdlebé%‘iﬁ- VReagted

oroasdC R e BBt S B AR B RSS20 s o
into /98 Aotvs Bt fe!%i%ﬂ?)lﬂocﬁﬁ? 005h, Gatic ddts sbRd 288082940 thirough fifth

reacts. As first catal yst bed [odupt/hydrogﬁen 2882 .
orifice 2%, snd weydad ressted| predudd gaSnyg.}cb@ﬁs gpeond split 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 light end hydrocarbon gases 2905 may cone out of

sol ution and accunul ate at the top of second

cat al yst bed 2920. Second catal yst bed gases 2905 are
WP hr ough second reactor orifice 2907. PFT4IS2006/010639

rate at which second catal yst bed %teges 2905 are
(B8 showarsdhometic Sugrdoyet Bow mudkidied reasforisygiems geperally

aion RS o, Do EER0 e 1257 e il sty

- pressuteSofiTBE pises Bthakeacte: CKIBﬁh fee& elock 80042 fbwe mta@ g spuht a:ba 3 01 0

above second ca

through Fiuficatfiop PPUL. ReDAIJSIBAPIRGALSS RXE olE5 oo 3006 and
the cox:rﬂb i r%g'giéﬂ Eégalaged%?(iﬂ Bnd 1 feQE' h1beysts, ﬁ:§ﬁgﬂﬂ greh %‘@@d) through third

n ro signal to second hydrogen val ve -
onﬁcezms Oombmmﬂerm}adhea@mpmdu@fané feddyadri glen ensers Segmaixer 3020

tousf g nphiplet ol oo abs apgpinedl Bk ARRE b Rl fr

‘mixer h@ztﬁ!hrou?gﬁfseé&dlrﬁ&ei infBH28) m 2ty uf hdrogeprBal32icontrolled by

second drogen val ve 2890 to increase the anpunt_of .

first hmwgang@ﬂvq 386. émmieﬂ reasted pmﬂfeﬁéfaa@@a%ﬁ%@ﬂts@wer

tor 284
s020 8 g B Sl B Rl o 02
Inside ?%ﬁbrt?,bﬂ@ Lfg&ycida%adae ﬂoﬂuaﬁ‘ea%awgmmzztﬂam thpuigh first catalyst

0 into two flows, split reacted t 29 whi c
bed SOéQ iwhoresi sensts. A Teeychadugactod prodre @ff?{qu%fﬂgﬁl g‘@f Tegds, st

B B BT SR 58 M gt

and acEiﬁﬁM@‘lceQﬂ thiectop bf teaptod 604;0 E@s_ﬁ&‘:_ajalyspt_nmw;ezt Bﬁ?:ﬁ]l;@'h removed from
o e LT 2950, Daoeg 1 00 AL £ LR, O
3045 agé%%}#%%ow wfe E30zﬁi froukh SHMTR Foah %T&Iﬂu%ﬂ%@ byirst vent

ed reactor system generall
Valve?dHEngnat ed by the nunmeral 3000 where the quantlty of

dint t 11 ed by th
otk et P hifoed vl Epd BYERRYH6n sases
3045 okl Rfith bx%H%t Efsf g eséﬁé EéntANIRA 3850 hichhs Sbwh firky Gitalyst bed 3060. If
ori

ecycl ed reacted product 3156 fl ows
the preissitro of ﬁm natab'sﬁ HedgasaUtB S isgs Bbaviedhe desivied @gs presspie.diyst pressure

conto S Al g RN b e BBl of g

to I’irsn‘.r RRAELELD. rl?ﬁﬁ: sBfcQst ikt cabidyst bedl gaddd 3045 @rope btlemsthe desired
first m xer 20 through first mxer inlet 3024

gas prwmeeﬁrst plfessu(t:@mh’céi‘@r 3930 wHY eigerd don i ydrogap ¥#ve APRQ & increase
h xerug thro econd m xer inlet 3028.
eam?ﬂ’é“lfdjé' Qe 5P 032 is controlled by first

hiyiett @88y sVieddSodbi @046@6% ligie se@adtmiter 3080 through third mixer
roduct /f eed/ hydrogen 3022 exits first m xer %O ,3023% 0
inlet 303 g it scombIRodeN oMY drager 58, HiHFLIIEARE Sqoqpe miker 308

O

hydrogedave 3!)98 F&EMYS& ibed promvhyq:egen 1082 {16 Seonind mex et 3080
reacts. As cI ed react eg}rp ee%/ h %gﬁg here it

through@g@ndéa%%out Pag6 vy ‘H%'g’os éﬂ&é where I

reacts. A?%%st%gﬁlﬁ %&g@@umﬂ o aﬁ 3884 PealRY sdc BHE c&%{sﬂged hazdrogen gas

on t the top of reactor
and light e5d hedrbedryat gdvesl3 ya‘ismy 806 oat ef soéuttmzeandfacomnmte at the top of

socond caviiboamh $rcod b hed Bt Lle rembvel htongh Yoond

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.

27
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3045 are renoved fromreactor 3040 through f ast
orifice 3047 is controlled by first vent valve 3070.
The Fressure of excess first catalyst bed hydro%!(:en '
WYY end hydrocarbon gases 3045 are nonitoFEg006/010639
at first pressure controller 50 which, j s abgye ' .
f The pressra of grcopeercapbentalyst be 8\ygwsﬂbw&§%ht_&n§ byfropgpon gases
3105 agrgt ganfE{‘e&Oaﬁge e Rohr SRS 33 F’?’g@lc%:lgg aHSR] de86hd@Eatyst bed

sure, rs ressure contro O wll signal

3120. L9 td prédsubyolf segend satdlys bed gises 810 usasabeve the dasidrgtas pressure,
of hydrogen _tq. first .m xer 302 f the pr r e, of
‘scconq prasiore SORTLE SNV ILEELA J0 3808 BHLOBER AV A Bl Fieaee the

amou%%hgpl%géﬂ ;c?sect)hﬁ $lix 3086, UIBh& PR bBiecSRbOutiliydtibed gases 3105
'sign o first hydrogen valve 3030 to increase.  the
drops helourthe désiteddzas pesssimi sscond pressurecontroion’ 1 195viflsigngl to second

I e e

CREMtEEHrodB I HxRgRAcEH 940 thivugh restt@raitise30Ddd Reacted
m xer 3080 through fourth m xer i nl et 3088,

Th . s .
produgi A6 floyrsgintcrspaprsherAl 9593 144 thaepalt 9p1ta arifige 3 Woyhere it is split

 into tvg%/ graﬁrg,tes%%ly ga%é%gg;?@%&ﬁ 925 bl &Y $dco§ g?ﬁtg%%ao3 140 through fifth

exrt's second m xe
orificd Sy ahd feocled redciedrproditet 31 5630R6h aridls $ecomd sl amaadhl 40 through
. second catal yst bed 3120, wh Jt 30 acts. As.first..,.
sixth GG 3146 BealPaHmetch Bitbysts b3 Buped TR stigpith 3160
1angd ig@bt end hydrocar ban
bEfor%@gﬁgyﬁgggﬁﬁn@Q%agﬁgﬁps%ti_on and accunul ate at
t FBG .t pshofvs asehemetic for ah yp tfloeguRitba] re@gensistena wansraily

R

level &%ﬁflﬁg%a% AR 1RabBFOMEsh fob@Block BPORIAbWS BEE gkt EFIAGEEI 3210

or | e 3107 is controlled by second vent val ve_ 3120.
through7fir\ 206632082 Reryelet raaszd ey Db d¥D faweing esend erif¢e 3206 and

excess second catal yst. b h . i -
e cop 0P IET aEa Pkl B0 1003040 58 Lol trongh i
orificdSBBS WAnbiabd Fétlyb RE rebbidd pibduehandfead 022 tiraentdrs first mixer 3220
catal yst bed 3120. If the pressure qof secaqn

 througielin ykcriaat Ydmhers 635 poabEcA VIR EYRIREn Ao athighyenters first

. re . traller i .
w230 o B EARR BB, OO orBARath bz ol
ﬁnnhﬁﬁ%gﬁﬂﬁﬂv@B2@&dRﬁ@ﬁﬁﬂhﬁmﬁ@bpnduﬂﬁhmﬁhﬁﬁmghn32&2Bhﬂsﬁnﬁnﬁxm:

pressure of secqnd catalyst bed gase 2 ?@r Q{OQS ot 3042

3220 Berush imemires oRe 3726 apd Hows o 1uice a0 Awauglt Bactor nlet 3242,

<1 G
e RAROPLIA1 0o ORRYAYASORN 395 86908l oty
bed 3260®herd 08R@actRe Ag tredclad achotdd B hdditdosd sy dregent3822 36w, first

t hrough reactor out] et 30Q4. Reacted oduct 3106 .
catalyh ALV RES 36 8RB0 P EGeED0R Gotey g ey PR Obt of solution
e A . : I
and a@%ﬁﬂ&@ atthe %ooﬂ\%if{g otbf 39, gﬁ% itgl%& el loRsds V9245 laf¥¥emoved from

reacte uct exits second split
reacton 6240 fitdiptt firsoreghtof pfifibe 3247 i The 13teat whinhdfitseeajalyd ded gases

s 3o S e B R S0 b B o

vent alvadigh, 3156 is punped through recycle punp 3160

before mxing with fresh feed 30,02 at first split .

affhe 18@10f 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 hydrogén valve 3230 to increase the amount of hydrogen to
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FIG 16 shows a schematic for an up flow multi-bed
reactor system generally 15 designated by the

nuner al 3200 where the quantity of |iquid |n t
Wpezﬂﬁ‘i”cf'izsﬁ s controlled by the 1evel of the Li qﬁfﬂnﬁﬁ’“m“”

reactor. Fresh feed stock 328 0 fi rsé:62
ﬁrstmymrﬁiﬂ%rﬁah%}ﬂel effiagitecysiedteagied pr @%ﬁﬂﬂﬁa‘é@%ﬁ drops
below glﬁ%fetslfergde H% ﬂlngel ??@e%l SIH- 3286 GRA gl bl i F S lﬁ%ﬁ’%&n valve

ycle react ed produ ct and
3230 t8 Z&&casexhet smbmtsif hygtagen aﬂeﬁr&%ﬁﬁ@eﬂi’ﬂ@u gh thir d

B3P BB S5 S TSR S Sl i

inlet 3%34 wher®liteg rcohi?:hfeﬁ vﬁ%}?ﬂydi@géneﬂ% wglc%ﬁtarmséoﬂﬁ hﬂxer 3280
ydrogen 3232, which enters first mxer 3220 through

through dowfumirex anlet 3288t Theamantityef udneeen J2% isiepairoliad by second

oG S4B LB P AN CE IS 68 i o

throughisédoind Fhixer outR2 3086 MDOGRs ﬂm@h mmﬂcamysit &led 3226 whett it
flows into reactor 3240 through reactor |nlet 3242.

reacts.| Ag fig calalyst bad medect/hydegen 8287 Eaeisatgcond catalyst bed hydrogen gas
R SES LSS, 7 G M St oo
second cabilyst Bed BBR0ICEédoad dafajydt b@bgas&%ﬂmnﬁmoveﬁl thlsiugh second
NG RDTE N R BN .
througgg ﬁgﬂﬁ r&é?:f:brcbfnﬂc %gb‘?’ £s cortiled by $écondvBhtvalvd BB ogases

are rermve from reactor” 3240 through first '
r'Becieve] of thef fisbcBA45t, beiiipeodtmt/hy(kog@mﬁilﬁi i mregitored at second level

controfig B 11 Rt Poresecend coab gt 0. Soty Triel SRR batplygt bed

' produc@fﬁy&ﬂo?éﬂ 328038 %oV@ih\éQie%?emic’J@ f:veE ¥&don@flevel Sonktidlier 9310 will

recycled reacted product/feed hydrogen 3222 is
signal troseconat kediragen Yalves3290tedhcreasathoumeynt 3 bydrgiger ko sesond mixer

280 LT AR ESREB by 108, 98Sho B bbBia i

level, RBMEIct IR 0HRSI¢res 10ivAilli strabiAlecodd Eﬁiroé@vﬁlve 3290 to increase the
controller 3250 wi Il s:ggnal to first hydrogen val ve )

amoungoBlgydroganristoessegend mixaPg8ft of ‘hydrogen to 28 WO

2000193 B4 HIRARRUALORdn bl Spoli Ko 2R: eboted

recycle
produclt) BMﬂ&Wﬁ BR6 sduoed ephnard2 224 0ihepsh fomtivutifibe334eswhend it is split

ol e 0 il 28 e o
onﬁce:%& 4%%%%19%‘;&?%%&%& %ﬁg@sgggg rﬁ%@ﬁ’ exifd d'gg&%)(fs?p&ﬁ L%%Bsﬁ@ through

m xer

sixth ohﬁbé 8348. XEécycfmderduﬁéd Pioddch@3866 és pumpai tﬂnmﬂghrrecym pdmp 3360
hydr ogen 3292, which eﬁ er sec m xer 3280
before ppxwgFrith B feedP2e7 af fiskepli e quantity of

466 29 o 2 otichatng Al bl %bﬁé‘?‘f*"“%ﬁ*sz%%‘d%@%ﬁ geedey
designaied by thanauesraBRRY whdre mhﬂgttuanut}mﬁilqmd(mthe ptdctlr i8@@drolled by the
e St U TR AR B S
through ﬁ?%ﬁgcé 9@@ (ShetBE Produel T8 T arSinddsedbill bitBtY 3406 and

rocar ases 3305 na§ cone out of solution
the com]mdechm:cycﬁﬁﬂ ad:aetdtprbﬁle:ttan@ fesid, 34k% oxids fest spplifsreasi 0 through third

‘ onﬁcegéﬁg ug O f gc%}c?edy reactp:g %ro%%%fe 'clsini?’f’é%(g)ci3 3B Fmbs %tclesdﬁrst mixer 3420

through first mixer mlet 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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" increasentht hmoustaxfthgtrogen aisth firetanixet $430. 3402 flows into

reactor orifice 3307. The rate at which second
catal yst bed gases 3305 are renoved from through

£eactor orifice 3307 is controlled by s ,
@@%@Eg%‘{”\?}‘g 3330. The level of the first catal y§§9@§@°ﬁ’010639

frst HYREH IGF PO Rey ol e e RSBy R oze ST fstymiver
3420 836bh fifkt MbRr beN&!3496 ahd fSs fith Maklr 3@Wth_roug§1 reactor ié:let 3442,

__product/hydrogen 3282 rises above the desire i qui ,
Insidd rgeetpr; 34@c tasicleé veekted predust/ fesd/hgérogenB 422 flgwve Rupughofirst catalyst

: d d I 329 i h | f

bed 330G e MEAAY R KRG Bl PRERRG el G PTRF e it

catalyieticd| Hydito o Gapamiitighit/chy Hy@oeabor §akes|3aAS, el 6dnt Bat of solution
desired liquid | evgrldg second | evel .controller 3310

and aqgupulaie gl taporoersord M) o Fagernial it bed gatse 3465 prvaemayed from
stk B8P TRy o Y R e FE A MR b g

3445 are agrhoveddinrh e¢ac8? 8440 Beangteotifiqe Bdids c@itdbbled byl stivenbvalve -
3470 second split area 3340 through fourth orifice 3342 '
‘where it is split into tw flows, split reacted

PTRE preksPSeex ikl Gt @dﬁélgﬁ e G9MS gé@ bihd 3 ?‘It @8d B§dQcarbon gases,
through fifth orifice 3344, 7and recycled reacted
3445, precuerstoraBadingpressusxionirotec i wpth ts abovafigB4gtalyst bed 3460.

e P A3 e BECUAAAEE re, i

pressubent@1167 34500 di@lafl Fefkt hpid ﬁéﬁz%v@iws’foi_tb HecieMdd the amount of
area 3210. FIG 17 shows a sc | ow

ematic for an up f

hydrogag tp ifirg aaix e300 Af hegressyrepd disstontalyst bed gasand b dyps below the
_ NI e
oo U8, I b SRS F 98051 bl e Wl sas0 o

filrst split area 3410 30 through first orifice 3404.
Eriagst edqradugt 3446 Hows tnjg seqapdanixeg 4t 80dbromgh third mixer

80 e 4SO GRS b S0

through owthytmixeninlet 34881 fTihe quadaiis of Bpddozere3i92ds yohteslled by second
reacte oduct and feed 3412 then rs.first m.xer

hydrosh Jaive, B0 B qoRlist b rodFY okl aEpp S MR EX HeoRd Miser 3450

through 860nA 85 JulleP ¥ AT AR AFSRrouh sﬁ&frﬁrgafi}gsé Bbc_il_ 2.220 where it

- mxer 3420 through second m xer inlet 3
reacts. gdafirst estalyst beddrodenth3d®dgen 348breacts) seeahdoyatlgst Wed hydrogen gas

. 2006/,102534 PCT/ U 6/ 010639 first .hydrogen valve
e g8 G O B St BB G O SR A a3 St the top of
second@tallFst bed $52071 9Rbnd 3&8@&@860%9& 45059k fAnRed bhSt second
3426 and flows into reactor 3440 through reactor

reactor; gifice 33022The raie aidwhich seqosd c3ialyGt bedogased 05 ava ctrpeved from

: f L 422 th h fi
throug SHE koo B SRk A 80P e B Secbld Rt NalvbiaBag
- 'EagreguRroddiedst kard yrpobal BeResdnamdtiliphi bd BdrBearbon gases,
cat al yst bed hydrogen gas and |ight _ end hydrocarbon
3505, sgpmpsltond absecahg DEdREC Santralier 351 ik is abavessepend eaialyst bed

3520, Bk Bk 80P LooRaTlAhortilo 598 1001 AoNE S8 1 s
second pegssiuercontolldr G& 10441 sighaktorsatendiydvd e ralvier 3390 to decrease the
cat al yst bed gases 3445 are renoved fromreactor

amountoiAtydrages gy reconf miger ey If e paessws|of seropg cpialyst bedsases 3505
drops DRI fhe RREFA: gas pressure, second pressure controller 3510 will signal to second

hydrogen valve 3490 to increase the amount of hydrogen into second mixer 3430.
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10 The pressure of excess first catal yst bed hydrogen
and I ight end hydrocarbon gases, 3445, are nonitored

first pressure controller 3450 which is above
Wﬂ%"@?“"&?l"al yst bed 3460. If the pressure of FRGLPS2006/010639

cat al yst bed gases, 3445 rjses. above the d 4|42
pReagkask rrodygt 2306 BT 44 R Seactia o0l 1 %@ﬁ%tﬁd
produéotgllﬁﬁ ﬁg&s ' ﬁ\l. ¥€a §§g’-ﬁp%{' gﬂ%@?ﬁﬂﬁé@%@%& it is split

rog ento St m X ressureo
into tvfd fl@Ws (sph‘aieyaed pﬁnluqaﬁég BHith exhtsamombsxdwar&aéi 546 through fifth

_ onﬁce%eSI re%gtgas %ggtg fi r@téé sur Sss%%%} I er gégﬁ@rough

sixth okfie @6@51 nRe%tcléayl@&Q ouﬁét@sﬁs ﬁﬁu@ea%&n@ﬁ%cyaerﬁﬁnp 3560

cat al yst bed product 3446 flows 1into second m xer
before 3uiging witlo rigsh teieil B40atdarst splibpesa 33484 where it is

ke St 5?%}?%&?3%@*?0ug’lﬁﬁlénﬁe@‘ééa%fbﬁﬁﬁﬁhe%%é’%f&%ﬁgﬂﬂ foruse ina

down bR Rbhfinicdb ligyidy hy#Oprob&sg Iibhlidbbi g@nﬁ'}iﬂlﬁ dé‘si@ﬁtéﬂ)y the
hydr ogen val ve 3490. F| rst ca

mumibeg A@%cRﬁWr@@@ﬁs Sataposes P kS E AN, v acsigig orifice, 4042, and an
outlet Sﬁﬁ@éj g:ttté%?f ghé%g{?!r mgoﬁ’z%féﬁflﬁ&? n:ItJ) B z&ﬁys tper zone,

secor’l cat ere reacts. ,
4020, @ﬁftahipgtgabﬂoh(nﬁpahdﬁ :i1gmﬁbmg]yria@éﬁlbwa aohs; 403@,cmnthmmg catalyst 7

cat al yst rogen,ga i t d hydrocar bon
bed 4 8 s‘é%‘%/%@g ﬁ%ﬂ}éé’ rPg“%ﬂ"? %ﬁ %LH 3 ac)éunul ate at
e Q&ﬂ%fﬂegém Gs&btoAhYStaiPaR qaRty 0P 4084 Bl ¥er zone

gases 05 are renoved through séecond 25 reactor
4030 ao 1 ilefuebdxﬁ@@italysh bed 4060. ¥ entidDéhredesenghsendGdSyGombgpger zone

o RS es SO by BTSSR,

THE:. RORRSWS § sHenSIte §55a SRANBEH feabiB) Weth ﬂ@@@u&y&hﬁen&s for use in
and I'i ght end hydrocarbon gases, 3505, are nonitored

an up fow seatomgup hqe@méssdmdrem‘pc@smg praposhigenerally designated by the
35
] 501 62430550 0SB oo PO LA g8 6,

. outlet BifeEsS Upes. Bl: ﬁﬁ&ﬁﬂ@fﬂfe&@@dﬁé&o@ﬂ%r@a@ﬁ bl (st biedl, |4260

Zéﬁggﬁilt to second h dr%ggn val ve 3490 to decrease the

compo atadyst pyd 62 ofollewed 8y ginxixer 42 whigh Iﬁﬂz@nfoﬂowed bya
o) e 3505 drops

second oSt A28 Gafostl bR AR RO B0t

CTHY poRtibe bf adior W00 lositgd between saxctvn ahalehmcsgdmaﬂ 4%0 is -
3490 to increase the ampunt of  hydrogen_into sec tgl
dividedhinge PG 26H5S, FOUMIS: J0RBAZEDSRIRAG ER390A2H D OB §oiEmiticantly larger

th h
 Tower ZRECHEM, DO AR e oM R 20 BRI 006 Tove i nt o

i&emﬂa Gpltiollep4 259 i8 udél tohnaingin the prdskurerdf fages 4338 & upper zone

ere- it (s split into eact ed
4220 aba pdsiergsd Dregspen Vesut f*éxf@&?ﬁﬁﬁ &95?40 @Zér FPRey zone 4220 at a

predetdrifilintiabl fite. OULi14087 B AulaBA by RGY Fhigdaspact ed
produ exits second p It area 3540
tMixen¢P8® coinptrisingra fiistml33284 td?etrydt@dlqmit@d into mixer 4280, a
pr odi 3556 IS ed throu
secondfafeb 885 i nnacipe RS P Qo0 S g et 2386 feading o
secondala 44894373.G 18 shows a schematic for a single bed
reactor wwth a level controller for use in a down

fTimpcrton ofwsectsr #2@liodatoh hsleveny arivgn 4286 sod riepchit ouleiA244 is

dividecig S:l?g {v% lz ne%,e al npaetr %gne?}@g &econtaining gases 4355, and a significantly larger

lower zone, 4360, containing catalyst bed 4320 and liquids 4365.
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nunber 4000. Reactor 4000 is conposed of vessel 4010,
having an inlet orifice, 4042, and an 10 outl et

' 4044. The interior of reactor 4000 is
V@?%@%@%lnto two zones, an upper zone, . 4020, PCT/US2006/010639

ai_ni 4025 nd_a.signifi cant ly | ar
Bl sl 3516 B3 P tAT et R R bR o aslASS in wpper zone
4350 ﬁ Qdiétéinﬁﬁedi auys t VeRUBIT td€asddides 4885 frb@UipPsr zone 4350 at 2
Level controller 4050 is used to maintain the

' Predefqu:aweed consignt patgy Vst 497 5s ragulaislry vahsalvadddl.at” a

per zone
buta.n@;[ atltbeponiavesl Odrs feadtdﬂuaﬁte mc‘ii&l@th@t)h;?drb&arbejgy lightalistillates,
val ve 407 FIG 19 s a sc tic fo
naphtt, esely Y SRS YdroprERStl ot IE Pagrackeebroduct,
1somehEed FABAHR, b Qe 80h R0 PRodubO BE ﬂlen{kes e

hydroprocessing process, generally designated by the
nunber 4200. Reactor 4200 is conposed of vessel 4210,
vi.ng an inlet orifice, 4242, and an outl et
Exéggﬁﬁgﬁce, 4244. The interior of the reactor consists
Of fBed sdisdiedRbmItHS Erdap Of pddifum FRicEOME) aRstitlates, remds waxes, lubes,
catal yst particles 4262, follomed by a m xer 80,

DAO, whifiehs ptier tham dicsell fookdghpdroneatedaldR@Kclatrampye sudﬁu and nitrogen,

B L Y o

| Y ElooRRBLE AL ¥k BP0 Bl AO4TERL GRER propane,

~make épfééﬁioaﬁ@h plodact. A2BWilkusnt islbelbdedifrbmitthe kwmpZdPpecpans butane,

er .zone, 4220 contalnlng ases 4225, and a
pentang; Eghtfhyémwwnﬁ,drg&é distillafe maphyha, diesel Y GQapresionslt g
4
hycrof P00 AR L AEBr BB BB 20K o
tempegpaize svith?2 §'1ian Zibrreyclz tnfeed 420at 65 ca 9 baristsaffidierddo accomplish
ressure. Vent 4247 rel eases gases 4225 from upper
the d cIBPS-at a pr edet er mi ned constant rate. Vent
4247 is regul ated by vent valve 4270. M xer 4280,
conprising a first inlet 4284 to introduce |iquids
EXAh@ﬂHSZinto m xer 4280 ‘a second inlet 4288 to

b et i ond tatyeton S Reliuat P cisg DSt ois, waxes,
tubes, PG, RAnOfiks 8&%@1t Bbn fl@&ghél%fﬂiﬁg h?&ﬁo‘ﬁ%%d Bt EIK f’ozt%glove sulfur
and reactor outlet 424 di vid into two zo

and mfmgenm@érto synwte aRBRtics oﬁpprpﬁmmjelgeiﬁ@@ SEE38.33 )af hydrogen

must 6 ser Bt Sl gt o AR st BB 3 ot i

selecteﬁcﬁrdxﬂai?é)gﬁﬁ@ $OpPand)baSne, Fent@s] ligh hodrod&bond, Siphdtiliates,

to maintain the pressure of gases 4355 in upper zone

naphthaadigsedi VaGy p@j@l@l}fﬁmrpe@g@m@c syveiromapatians thegends A tubular

T B AR

sufficiéid 30 prdvideaitof HaRgerogi fequlred pidsliwi forviess then20X temperature
deasphal ti ng sol vents include propane, 5 butanes,

rise thrghah die 16adibanes. Other feed diluents include i ght

hydrocarbons, light distillates, naphtha, diesel,
VGO, previously hydroprocessed stocks, recycled
EXAMBIdT 8cr acked product, isonerized product, recycled

denet al ed product, or_ the |like
A continuous liquid phase hydroprocessmcr method and apparatus as described and

show herein.
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| par at us as descri bed "and ow herein
feedwmg

EXAMPLE 1 10 A feed selected fromthe group of
petroleum fractions, distillates, resids, waxes,
| ubes DAO, or fuel s other than diesel fuel is
WM PU1028Ht ed at 620K to renove sul fur and mtr%‘é@ﬂs‘m"“mmﬁ”

ﬁggrom mately 200 SCF (5.66 nB) of hydrogen nust be
EX. ed per barrel of d| esel fuel to make

| fﬁféﬂgﬁ @giob%emggggge ﬁgivélﬁ%@%?fnﬁngﬁg%ﬁ%% émmmg and/or
flashittpyitie bydropemand thie gﬂtto 63 &Ieaﬂeﬂ o ﬁm,pm;andsﬁ dfa solvens er diluent in which

. ﬂlehygaﬁﬁlﬁgﬂﬁ?léﬁél #@1}15 g%\g i ?eggfgrsopg;atl ng at

620K out | et tenperature W|th a 1/1 or 2/1 recycle to
feed ratio at -65 or 95 bar is sufficient to
EXAMRIHApl i sh the desired reactions. EXAI\/PLE 2 20 A

e ptel Sl RIS 5B ASLA ) SR BE B0 B o
heavy hith) bhsant, Mabar | tigiet Hidtochhoky, d@fﬁ%ﬁﬂ@t@s dbphtha, diesel,

620K to renove sul and ni trogen an o saturate
VGO, awlywﬁmm%ﬁ%@@swrmmnﬁ fgreyd. nB) of

hydrogen- nust be reacted per barrel of deasphalted

oil to make specification product. The diluent is
EXAMIglEe6ted fromthe group of propane, but ane, pentane,

l.ight hy rocar bons, ht |st|IIat 25 napht ha, -
2 ?Neevh%ragqtg ﬁ%f-‘grl%ﬁf’r %Cé%dc, @?3&@ of@rl petroleum
fractiof, JIRIIRM é%ﬂ? didier 1, dedphdt A1 wikBATIRS g9 at

out’ et terrperature and 8 ba Wi t a recyc
. ratio of 2.5/1 is "sufficient to provide all of the
gen required and allow for a | ess than 20K
Em%%grature rise through the reactor. 30 EXAMPLE 3 A

BB 8 P AR S DR RSN ASrTAB sRPlof blonding 2 |
0@iluon SLrRDTY %mm%@tﬁl@mhmgﬂn alwead of a reactor

reactng (i BRURTGHIcheREh BRGT Vb AERIRG M e TR 3 S romove

sulfur, bt geh,| oxlyBerPRictal £ 3t Bthel eoﬂt&ﬁm@ﬁ@smmﬁﬂe@lﬁ%@ﬁ fred@iction or
di luent n which the hydrogen solublllty i's high

crackinge| ative to the oil feed. 5 EXAMPLE 5 The Exanple 4
above wherein the solvent or diluent is selected from
- the group of heavy naphtha, propane, butane,
EXAMPERIgane, |ight hydrocarbons, |ight distillates,
napht ha, diesel, VGO previ ously hydr opr ocessed
JheFramplsy7 dhavsiwhariaiae opeiosistkeptaf a pressure of 500-5000 psi (3447

KPa - 34,473kPa), preferably 1000-3000 psi (6895 kPa — 20,684 kPa),

EXAMPLE 9
The Example 8 above further comprising the step of running the reactor at

supercritical solution conditions so that there is no solubility limit.

EXAMPIE 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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EXAMPLE 6 The Exanple 5 above wherein the feed is

sel ected fromthe group of oil, petroleum fraction,
LSt , resid, diesel fuel, deasphalted oi
ﬁ%g@g),ll’%ﬁes, and the Tike. 15 EXAVPLE? A cont PRESERIG0106

B iﬂ phase hydroprocessing nethod conprising the
~steps of blending a feed with a diluent, saturating
t Behytirbpretdstdds BYdiBiehied chytrd fhhished ! BEROrAR6R hyRfocacked, or the
. reaictor reacting the feed/dil uent@%drogen m xture
like peirqigumy peedugt Brefusad Wynenerafils Srove dessaibad Exemplesr enpve
sul fur, nitrogen, oxygen netals,  or other
contam nants, or for nolecul ar wei ght reduction or
EXAMBLEracki ng. EXAVMPLE 8 The Exanple 7 above wherein
tge reactor .is kept at, a pressyre of 500-5000 psi
( 345

geton ysigsel forfusg 7 hsAyuprpyediydEqieping pRoc et oy thapresent
inventidB88lEPcatal fQ ixg?éatw)e@ sgm%lﬁtugéaé%g}cﬁ 3108 ot %?‘ﬂ%gteé with an

above further conprisin e ste runni n
approxigwia igacter volemp of ¢0ift’i(£AB nsYlant ivdth the nelictdrdnilt ®owitissind

el .S _N0.,S0 (A4t gt 30 EXAMPLE 10 The
press“%%é)rrp éoﬁg%%(?{}b’ tﬂ‘%ﬁide% ing the step of
renovi ng heat fromthe reactor effluent, separating

the diluent fromthe reacted feed, and recycling the
t to a point upstreamof the reactor. 33 WO

2 : 0 E1LA ...
N AT
volumbyflvammein tower bétyang CAfekeehoving thepitc bltgrior Ttt)d fjﬁc@%ﬁng the
e

_ oduct grod ced by one of the above descri i
solven %{&ﬁ%é.assh Wi DAQ) therselyepidp AQmisets rugmedde approximately
1000-150 pTREOS B 16125103} bGRRIAS5 T PhoAdie Rl a0 s

i nvention Inclu

' (25.4 oY) B-pien biwrdl 5 DA G T hdisalvenidd A O/fistdro gen mBpEe dxhemsdeo

40 ft .13 d with th
o SRR T 58St R o g o
saturatRRl of 23R RS A Hef Qy &3 ol the %gtaﬁﬁﬁ'%e}gﬂ frgxfna[he hydrotreated

sol vent deasphalting process el ght vol unmes
DAO hy-rpdrcingthg peessunstta eppmixinhatbly $00 psii@dl 3kPof vacuum
tower bottons. After renoving the pitch but prior to.

recovering the
EXAMPLE 14

At least one of the examples above inchiding 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.

EXAMPILE 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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solvent fromthe deasphalted oil (DAO the
sol vent/ DAO m x i s punped to approxi mately 15

 wd%taap psi (o8ss kPa - 10,302 kPa) and m Xefpishbhootosss

approximately 900 SCF (25.4 nB) H2 per
barrel of DAO. The sol vent/DAQ hydrogen m xture is
heated to approxi mately 590K- 620K and contacted with
Exavaat@lgst for renoval of sulfur, nitrogen and
~  Saturation of aromatics. After_hydrotreating the
Hydmerasking:eh gobmeciof vagwym 188 o) iFTaied Rkl 00%/&%95895_1{%) Hy

e o SR8 S S OB AR A L

(diluendPaep ak bl ove ﬂgy&mb]itabkiag agﬁlyseaGBO‘iPs@9ﬁk{é}|:ﬁidlﬂ(10ﬁxpsb(rl3 789
nore reactors are placed_ in series th the reactars
kPa). Tamhydjneraekedrraducs PORAEES op PROPHEABRUECH| PPy Sifpghd 40
.;having the reactors being the sane or different

perce.m\?\n&?ll‘wi'respect to tenperature, 25 pressure, catalyst,
or the like, and/or nmulti-bed reactors, wherein two
Qr rrfre catal yst beds are placed in a single reactor
ELELEor dance with the present i nvention. EXAMPLE 15
Rt BROEmER-RORTAl Roltkfie BDR%E comBiniih Fidrtertt paGEHin wax is mixed
reactors to produce specialty 30 products, waxes, .
with 200USEE (5.66 th™) Ha pef harrel Bf ifesi|apd biepdedywithere ygluree efisomerized

oy 858l S T S B s 770 2000

15
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30

(13,786 RPDOTHAERGAEPISduct AN PAQIDbRK b 30PN 9C) ahlia VI of 140.

renoval of netals, usually from vacuum tower bottons

or deaspha_ttéd oil, to avoid catalyst poisoning in
EXAM rackers and hydrocrackers. 34 WD 2006/ 102534
e 2006/ 010639 EXAMPLE 16 Hydrocracki ng: A vol une

CHydagemhethigasioni A viohuiié ¥BitedbémaitR@BOGEm (@aIhetkBAY blended
. H2 E% barrel of gas oi| feed ,and ‘b‘%ﬁnded vvi-thl'l?é% raled
with 1508 GHé4. 26 kPelldy perartel hdmisedreth eneomlere o1 feryFlge 4Ppe

oo AT S PASPEREH T o g, i o

%@
contaif@dGdpiah tatginhetalsed 20 percent naphtha, 40 percent
di esel_and 40 _percent resjd. MPLE. 17 J0
ymechllo RiseheraRIoBHh TR I E PEIRUPMARO TR Fog: ¢i5bo0

ey 4@; ' 1 5 iR6CH8) Co, |
mono:@@r%éﬁpfyggc%egl(éof eezoléngS bIgig|§gl"¥s)ﬂdts\?\/]i1 %ﬁ&o%&%ol ume g% ) . :
and is produesd frer vapoudsonirceaspritnimilycoalamdapualsad. The synthesis gasisthen
1sonerizing catal yst at 550F (287.8C) and 2000 psi
reacted quer SpRsifEgcafalysts é‘y Proghes ‘T‘pfg’dicé? has a pour point

Ofhe ¥ Ecter-dpsen gyﬁhééhs Rithd AR dudonfoiYRidtadtdns, 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)],
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Hydr odenet al i zati on: A volunme of feed containing 80
ppmtotal netals is blended wth 150 SCF (4.25 kPa)

“)5522 rrel and mixed with one volune of rec ' s
| nglgﬂzg% product and passed over a catal yst f(?l‘/ﬁlg%msfmossg

after y&%’lz}% 14 n I'nd ﬁﬁ,ﬁ‘]ﬁﬁ%?% ‘]lﬁ'gfg} %¥@%€%dg%ﬁ% second stage reactor is

then dpkicddedt ca'zﬁcﬁﬁsﬁwtfﬁéiemﬁot arohiadic patadition.i on of paraffins
rom carbon nonoxi de and hydrogen (CO and H2 or
synthesis gas). Synthesis gas contains C02, CO 1-12
EXAI@?PEE'Z% produced from various sources, primarily coal
—or, natural gas. The synthesis gas is then reacted
oThe ppess dsirecitedtia by kost dne of theduempkp eboYe, whoreddiadsiition to

The Fischer-Tro S €SS .| he prodyction of
hydrogghy etbRs BOHER A oS M i ey e AR i & i gpatacted
with a@%@eﬂr SO B4taRystSreP BRY dyBfhe 1B bRhydadadbotSéhenibas.

classic Fischer-Tropsch™ catalyst is iron; however

other netal catalysts are al so used. Synthe3|s gas

d is used to produce other chem cals as well,

E—-‘;XA—L}%J?;ﬂr-]rargil |y al cohols, although these are not

FTEE pRiceskr=e pedifedie atleastvse of the cxewples kbgre, ehetdiethe quantity of

present invention can be used for any cat [

- the liqyrhieed/dilypathydiogen grxwee @S@s rRfoTaTipTIs ﬁﬂ%‘iml%‘lé!ygi} the level of the

o NS5 0 B o SO oo o

reactor.wo st age hydroprocessi ng nmethod, wherein the first

S [ er.ated, at condi t.i sufficie

R Gar o RRE RGeS B R B Eor lant Palystbed inthe
reactok Qgtﬁlﬁomjc&gdﬁ léﬁﬁ'ﬁ% J?t?@!le]r A%Ethé/@v&%elﬁ)cﬁﬁéﬁm the reactor rises or

PCT/ U82006/O 639 er whi ch the contam nants H2S,
falls, thilBmant ofdlydrogan eddehiovbe feadidilaentavizhue ixtadinstedtadower or raise,

ditions.sufficient for
respecgy%&;l Eevfgf’fﬁgﬁﬂb‘fé‘“‘ B0 5 The process as
recited in at |east one of the exanples above,
wherein in addition to hydrogen, carbon nonoxide

EXAMPLY 22 s mxed vvlth the hydrogen and the mixture is

cte E [ .
SO RIELFE asfbaiiats al A e RERR S HuBRA S whSleid BB yantity of
the liqaidped Sllﬁeﬁltﬂhgﬁllotgeﬂmlﬂm@é inkida she mwi& chigolexidsipthe pressure of the
- above, whereln the ntity of the liquid
excess hyelasnizge aed hghircog gwdmwmn@aﬁ%@ the topaf fre BT | s

C'?ﬂé u?gof%ﬁ ﬁg.? bl of W to bof i eadidrdbhld to a sPecﬁi%fi pressure

fee uen rogen m ture and reacted |

approprézgeifog ﬁmﬁéﬂﬂ@emdﬂ xdithrrespent tohike focd and dIe destred product
| evel of the liquids in the reactP%r is held above the

sp cc"ﬁicéflé‘)@f Asbe 9@?%9 of thsegpsesatirstop pd theggagtey; ingregses or decreases,
q L C @Iﬁﬂ?g\% AdbEthe ‘f@é?lyc{lﬂehﬁﬁlxr@g I % zgﬁu%tﬁdé £ addfeakd6r i increase,

he reac rises or amount  of
respechydyp@e prascutedf e gdses htahelfog dfuberteactbxt ure i s
adjusted to |l ower or raise,

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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‘15

respectively, the | evel of the liquids in the
reactor EXAMPLE 22 20 The process as recited in at

gg of the exanpl es above, wherein the qﬁgﬂhgﬁmahum&;
of the 'iquid feed/diluent/hydrogen m xture insid

o 0 40 Sy BB ) W
pentagd astahﬁlubmp oma‘ cetufmhre&a i1 gir solﬂﬁmﬁh:yp Fagher usmg thénerogessed the

at the top the reactor is he C|f|ed
Presevfsﬁ%‘sega% On%\ﬁﬁ% GVgraOTehan fgo %JPP? EBeRtef hydrogenin

sohitidH. tﬂls? Q%gﬁ?%ﬁ\;g%h Agfocte%e&f tﬁ@gregéiﬁ n%ﬁh&i%n@rcgﬂ R‘&iuce %ést of the

speci fi the presSure of the ‘gases at
pressuropessél andh ear eseatatalydt me swald Gbeom e cttaeus’@sd thdrebyamdum cost.

: dded t the feed/dil t
Futhc i HOAH B UL reLdnePresrt rese ot Sheahntd U o limipate the
need B £85bEerQbcidEc@BSREs02l the top of the reactor. In

accordance with the present invention, an |nproved

hﬁ*@ih@@fdbén@pcﬂg of 3ige prpeRTd invsutPmenn hatilizediin npwgentmnal
o R R R L 5T

hydroéi@él&ﬁg @he dar &hadvie\thd YarhOv¢ aDlSétEeS esalt andgMbivbr €ost equipment,
reduci ng or_ elimnating

. m ni mum anount of cat al ?IW
reactorshBydiegsy QOBIPresses, Mmkihe é‘@ﬁ g abls torns thagropess 4 g dewer

C
o S oG5 BB b ASAL8 g prvinsy
hydro;ﬁ-od:esﬁmtstdukdﬂfe&d:e of .diluent ‘or solvent. For exanple,
a_diluent for a 36 WO 2006/ 102534 PCT/%%2006/010639

BANlg the jpvendiogihas bpery ﬂ?&wndﬁdmbv Ympe Ririts Jogms it plagyid be apparent

h
o tho. ‘éfgl!e& PR LA Rat M&&Eﬁ’ t%@hﬂlis% é%‘ﬁib@% RS Moud Shéhges and

uent, one can achieve ty. Further,
modlﬁusmcmg mﬂmupdapam ﬁ)émtth@scope of wtinventiont wmcprdm@y;:m:*s
achi ve nore th a spoichio ric requirement of
appropiat Gekihe Rppendes leften b6 waisneg proadlyiandiih g HEHepFoRsisient with
the Sc(%g otfﬁ%zﬂﬁe%%%ﬂ.t i nvention, one can reduce cost of the
: pressure vessel and can use catalyst in small tubes
in the reactor and thereby reduce cost. Further, by
utilizing the process of the present invention, one
- may be able to elimnate the need for a hydrogen
recycl e conpressor. | Although the process of the
present invention can be utilized in conventiona
equi pnent for hydroprocessing, hydrotreating,
hydr of i ni shi ng, hydrorefining and/or 10 hydro
cracki ng, one can achieve the sane or a better result
usi ng | ower cost equi pnent, reactors, hydrogen
conpressors, and the |like by being able to run the
process at a |lower _ pressure, and/or recycling
sol vent, diluent, hydrogen, or at |east a portion of
the previously hydroprocessed stock or feed. Wile
the invention has been shown in only sone of its
forms, it should be apparent 15 to those skilled in
the at that it is not so limted, but is susceptible
to various changes and nodifications wthout
departing fromthe scope of the invention.
~Accordingly, it is

W
=1



appropriate that the appended clains be construed

broadly and in a manner consistent with the scope of

the invention. 37 CLAIMS 1. A continuous liquid

phase hydroprocessi ng nmethod using a reactor at a
CLAIMgredeterm’ned tenperature during steady state

peration and having an upper zone of gases and a

substantially larger |ower zone of hydrogen dissol ved

in a mxture of liquids surrounding a catalyst,
L. Avberteipgusbiudd iphapsi Tgdraoprevending micthodtus g aoresctonatsigiredetermined

redetermned tenperature, .c rising the ste of .
temperafigy G G52 P1CG AP UL A0 BTG 41 DBRR affiivaht Gres and a
substant@OH UABENRNCS z8he ofthydr8ast dRARVES inSéihifikkure & Ee?ﬁ&l@ﬁhnounding a

oxygen, netals, and conbi nations thereof, with a

catalyst,| wherebly sdidl ligwids troinfroize Buaestions upussid ipgeideterpimed etemperature,
. di luent/feg 1. xt ure; ..(h), bl ' Saj i | uent/
comprisfi BENE 5 Ro Ty RER by BERLPE PO PullopfE dobifinanes of
at least ©AY iof GANBAL nitrafé@a bx@bed, NActhRAGhO rcobbifa®bn? shereof, with a liquid
) continuous liquid phase feed/diluent/hydrogen . .
diluent terifgrm,p gontirpus Heapiddbasandjlusat/teed anrtung dDsblendjng geid diluent/feed
. / ¢l Y, ): [ r :
e R 558 LABILAIVHESGROT R, LR B 855 o o
continuofie Bguidi phasnfietdv dtagdpdivexd mixuat (¢)histrehicalgyaid cutihans liquid
in the reactor to renpve _said contam nant 0 ) ..
phase fee_@ﬁlfla?ﬁtffhaa{%en MBHIER el HAKOT @_trsa?twsn%ag{ ceRieys liquid
phase f&&gﬂh&ﬂ@ﬁﬁ%éﬁ A%AO I8 Mhe 9RTIysPBEHdck GRIMEREctor to remove said
hydr ocar h d

on—gases wth said reacted Ii1quid and sa
contamiganhbi convarsinhity diran theHaskbmi>aen/tdifome a rédated limgah excess hydrogen

o o A L B B A ol 5 S5 v
phase fe6@BfithyMSobd mikee S#AMd E)ngﬁtitty!(ﬂlﬂq@iﬂsi iR th&1€eactor to thereby

__reactor by "nonitoring said guan ity of liquids or
provide ¢ 2hermpBy jstabksmass; ¢f) wairdllpgdds thenquanttyr elaliquads inythe reactor by

. .nmonitoring. said.gas. pr re, and increasin r _
moniorife del bRy RU R R Y2D M puRaihe SRR B regeor by
monitorih@® s4itl Ghs PREsIBE, HRGHEBSEnd HedduaaRinistiie Qlankitdlof Bisir€fen added in

gas pressure; and (f) venting excess gas fromthe.
step b toriagressy Or decrepnip theequantityod! liguadnem castmesite; ang &) veplirgiexcess

.ses controlling the quantity of 1liquids in the
ngﬁom&@ggag?ﬁbased on the level of said liquid inside the

reactor. 3. The nethod of claim1 wherein: the nethod

onprises controlling said quantity of liquid in the,
2. Thedbetbpd BhSEATO whgeipy @@%ﬁ@ogfcwsa%e@gr% e quiatity of
liquids if TRLHIBLRPHr 834 [iGuid iAdida the WRRIEI N: the
lqwdmvg%t%%%reb%f‘%d set t% cgntro}l&tnhei@é%eltﬁigup of |ight

ends in the system 5. The nethod of claim1 wherein:

s RN ENE 3 kST RS U Sl o
liquid in %%%9&6{ BRBS on i IhbsstteSdfithd 3AR8 insHRRAE Ractofli esel

. previously hydroprocessed stocks, or
conmbi nations thereof. 38 6. The nethod of claim1l

4. &%irleg‘ugch?ﬁt geclgi?neq vlvhsergn%:l %%tv%ldlt Ifatceolrp step fo neP th%fbu(i)lldlup of light

ends in the system.

5. The method of claim 1 wherein: the solvent or diluent is selected from the group of
heavy naphtha, propane, butane, pentane, light hydrocarbons, light distillates, naphtha, diesel,

VGO, previously hydroprocessed stocks, or combinations thereof.
38



fraction, distillate, resid, diesel fuel, deasphalted
oi |, waxes, |lubes, and specialty products. 7. The

nmet hod of claim 1 further conprising using a series
of two or nore reactors. 8 The nethod of claiml

6. TEHEhNL oA 3 srip i detiior i BRf BEAROM o i protenm
fraction, Wdkte, redldd diegeTHidl addagpisaltel 0Tl ERfixes Slabel, ab®spReRIR brERicts.
or reduce nol ecul ar wei ght. 39

7. The method of claim 1 further comprising using a series of two or more reactors.
8. The method of claim 1 wherein: the reactor is a multiple bed reactor, used to at least

one of remove sulfur, nitrogen, oxygen, metals, and combinations thereof, saturate aromatics,

or reduce molecular weight.
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