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CONTROL SYSTEM METHOD AND APPARATUS FOR CONTINUOUS
LIQUID PHASE HYDROPROCESSING FIELD OF INVENTION 5 This
invention relates to a process, apparatus, and method of control for a
hydroprocessing process where the reactants are held predominately in
th€GATIR Sia R THMI ST A0 ANBCABFPA R I0TTHE HER DNAGRRIOTUS LIQUID
throughout the catalyst. R % in U.S. Class
208, subclasses 58, 59, 60, 7 Z%i}%ﬁg)tg% %\ dltlon%:: relevant art may
be found in U.S. Class 137, subclasses 171, 202, and 392, as well as
oter plapsesepsrygsubclasses. BACKGROUND OF THE INVENTION
The present Invention IS directed to a continuous Ilquﬁﬁhase
hydroprtESiFRy PrEuass o p BEsits BRI HrocES RIS IS Sk o 2
vmef@mﬂeesmgmm mhbaéethyémgﬁ@ @a&encﬁpﬂeﬁwghalhsr nathé;&squsi state and it
eI|m| ated. This is accom d d/or. flashing t
e P e oS Traar A B L R0 3R e ey

tFme fmagTérSsGlatﬂ m‘g}%lsiﬁpghmfaiﬁléﬁo@méf Bi Iﬁlébdmtﬁé:p régéitional relevant art
”}M%%'Q fbﬁﬁ@iﬁq}c&rgﬁtﬁg f?’? %QE%E@QWN zhﬁdiﬁmeéﬁgﬁ BeAfkr classes and
hydrodemetalization. In hydroprocessing, which includes hydrotreating,
hy#h&#Rshing, hydrorefining and 20 hydrocracking, a catalyst is used for
reacting hydrogen with a petroleum fraction, distillates, resids, or other
chemlcals, for the hurpose of saturatlng or removing sulfur, nitrogen,

A SR A P e e Gtamirants, or for molecular weight reduction

(crackmgl)e ﬁakaiysts/dsmwngs &mﬁdltsuﬁﬁaﬁemmpéf@mﬁ anhesreigungtdtessing
?rcljg reto (Qro%gt?lr;[he AR SeES sacgﬁ %8{ I g@(u s, erfn%l It%}% %%gddtgsqt%giate }ﬁ’dflg en gas

Actoni(S) entiona ydr procéssing it IS necessary to tra
h;&a‘r:mgé thirostrlysrapoinpheicd iktistiediquidlhaddxvneradiandiopdlashing the

ayaiahle, R deRchWiR 9@5%9&%%9@%@0% e swrfreeaiing calaivet
This is accomplished by C|rculat|n ver{jfﬁ%g] e volumes of hydrogen gas

afddReBirtTaiBn a E gearIat e ti FREPFRRO AT %?})ﬁgé}l}‘ecwd o
gmeyci%&ﬁa%m %}?ﬁﬂé@ﬂ%ﬂﬁ&z@b%ﬁﬁb@dﬁﬂ%x&ﬁﬂﬂaﬁl@ﬁ of oil that is

Istribut over the catalys e amount of en re UII‘

can bo BP0 0 5800 S B 8 AT S e G g i and
angrarrapengte et devc e saiditroasinfgdiyrieo few Wil dnextrplsito &sctmuichstillates,
a%aé%‘go pﬁﬁ&%%éﬁﬂé&ﬁf%g%ﬁé [482 19und 400 go%qgﬁam (BRI oxyeen,

InslI efhe reacto OI’TtI‘O In conventional S ste s. The

teMPEFaLPEOF Rl BIAMIh ) TFogER Teda Wft%tr@é@ﬁme(ﬁfﬁégé’@htr@ﬁ@éb’sm having
hopeyarenece she dideedis-insifa thetere g .adivshnantsitpithe

system that can raise or lower the
accomplish the desired reaction(s).

In conventional hvdroprocessing it is necessary to transfer hydrogen from a vapor
phase into the liquid phase where it will be available to react with a petroleum molecule at
the surface of the catalyst. This is accomplished by circulating very large volumes of
hydrogen gas and the oil through a catalyst bed. The oil and the hydrogen flow through the
bed and the hydrogen is absorbed info a thin film of oil that is distributed over the catalyst.
Because the amount of hydrogen required can be large, 1000 to 5000 SCEF/bbl of liguid, the
reactors are very large and can operate at severe conditions, from a few hundred psi to as
much as 5000 psi, and temperatures from arcund 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 controlied; however, once the
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temperature of the oil/lhydrogen mixture. Any changes in the reactor
temperature must be accomplished through an outside source. As a
result, conventional systems often inject cold hydrogen into the reactor if
it becomes too hot. This method of cooling a reactor is expensive 5 and is

afpdteritisids alieteaisi, Wiritaicorimsithegtshie tensperatdvet srmraiseaeiowns the
gr{éeﬁ%%%ﬁé%#{ﬁéémd%g%ﬂm@! VSRS LONRUAG NS RISSSUHS Ohust be

roprocessing System is a much ‘easier task. Pressure control

sYRstemndisired ooy dlo 1 SRItSICPRITS e sABR e ihe SRIANFE RIS kg iyeet cold

thrRNELER ME) R ifdRRoP I ABHR BEC AN BS: LOPHEY eRthaf efteotsleieageatits: is expensive
pressure of the 10 system if the pressure becomes too low. A pressure

CORtSIPRRRBHALEHE S used to control the pressure on a single

hydroprogesisingetntg tht oweneruthis{ihotrwiseiioisTonsEgulngs iand
Inc%tx?%%tpor ea Ss%fe{ﬁs n%gﬁ%&@r? dt Qg%gs&%t rFtﬁg 8 ppo%te&@nlé] 9)%{ q|s amuch
reactors. Oneof the biggest problems with hydroprocessing Ts catalyst

cekiing tSlokRgsoue R heRtyd e aNs6 frrmesiadel dichuesHie (b Bin B sigm, release

ap eRvitoRmeRt whate heamauntakdaydraen.avallabie de s wiligiRBlure of the

The molecule cracks to the point that it forms coke, a carbonaceous
reYERR PR RS PrEARE DIAR & B thEaret iR eoB M eI SRR R o control
cekepfematinn andidasstinbonsidhe:.catalyskefecaniantionaksyisiervinequence

processing,is shown in U.S. Patent Number 4,698,147, .issue )
ORI 50 S EBEE 150 AT oHieibas o SRR, resctors
RESIDEME Bf20: DiltEst i OROG Fith DAINGR Bl ENTERA CKING Coking occurs

P%Qﬁ%%ﬁd%% %%9 A3 Xlé%@c | et%otH& iﬂ%ﬂ%‘%ﬁ’oﬂé&ﬁ@n@\gﬁé}%&@'&ﬁ%&w
supply the hydrogen for the cracking process. After the cracking process,

theydibaeravsibbdedrsafirisprobicmnatradpsrrck e e Boiatthetdpiasms coke, 2

dilyentis-tegensratedydpartiakhvdrogenatinma Rt falvpreck M1esiNRiling to coke
flow for the cracking step. Note that McConaghy '147 substantially

chafgaRERermitarna R o donor 25 diluent during the process in
order to releasenthadyeage foneressany fosiesaeking. ABaectdiumber 4,698,147,

MC%S%%% Y Lafprogess i!?)!:i 5 i%%%,%k‘%v‘ft&j%%'ﬁ?‘éf%%‘sr& eSS Rcr
coil"coking, ananlﬁc}éasea ight'gas production, which sets'an
ecCORMITEBRIGPOS AN BHEENDAR AR KIS IR tEIR Pe rdnirerahiic 147 mixes

Progey ul?%%ﬁ%ﬁ%’é!&ﬁ?@i%ﬁ&é g%g%tﬁ%&ggg%éﬁ@&% bR 8ls. After the

15, 1989, discloses a 30 METHOD FO RACKING HEAVY
FRIeCHITE RFCS PSS, Kitfa Xies 1S8R HitiBrdvaiivrshiPsRbcHyaRb JBA taspent

to s dheBysiaaesy ik iheisatalgl-a0h aneesheragkiithe FIRECESWUPRe cracking

e oo, Congt SOy o

angl e iehkinforemmaticsssayrthe sulxstantiabyhpdrogenpletedyaetifinateting. Also, the

K%%é%gasgﬁg’q k‘ﬁ%rgc%és‘?‘ ?Skf-ll:tll%t%& by upper temperature restraints due to coil coking, and
increased light gas production, which sets an economically imposed limit on the maximum
cracking temperature of the process.

11.S. Patent Number 4,857,168, issued to Kubo et al, on August 15, 1989, discloses 2
METHOD FOR HYDROCRACKING HEAVY FRACTION OIL. Kubo ‘168 uses both a
donor diluent and hydrogen gas to supply the hydrogen for the catalyst enhanced cracking
process. Kubo “168 discloses that a proper supply of heavy fraction oil, donor solvent,
hydrogen gas, and catalyst will limit the formation of coke on the catalyst, and the coke

formation may be substantially or completely eliminated. Kubo ‘168 requires a cracking
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reactor with catalyst and a separate hydrogenating reactor with catalyst.
Kubo "168 also relies on the breakdown of the donor diluent for supply
hydrogen in the reaction process. U.S. Patent Number 5,164,074, issued

to Houghton on November 17, 1992, shows a

HEDRODE STHEURIZASEIGMNIPRES StRECONTROT aplobisitUSyor ‘168 also

GRRLolingREeSRME LD IR ﬁeﬁepiﬂﬂéﬁpf&ygégﬁqii izationand cton process.

reforming process wherein the pressure o drogen-rich gas source
from th& refOrteihdiprbee sl it dditidtatebip doorahen o NAMMSGIding H2, shows a
vertsensekvalverfar NeceiorRiRg prac e s TRON aBpa L AN HeS ing pressure

maximum utilization of available hydrogen for desulfurization before a[:‘)r}%t off
£ A B O Y A S BT A P P e BT R EF SR P R B AT o1 2
vaideo deid-tikc b gRatent Nuvabtire4clGinhbEdrivsdet tdjBieddy onoidigatsty?,
1988, shows a TEMPERATURE CONJTROL FOR AROMATIC .
R oS Rl D Riode B RGN et mowres

tm@wa&ﬁaﬁmm bedzogerefie ﬁ@ﬁdﬁiﬂmﬁmdﬁ@i‘ﬁﬁ@ﬂ aE hydrogen
bepeeR z%?&rﬁﬁﬂé‘ﬁ%&@&%tié’%ﬁ@éﬁﬁf& rRaGiRL-yLhe praportion of vapor

phase and liquid phase methanol is adjusted to control the enthalpy of the

methylatint BIEHCIBTARE brovite itserarSerfE gactBe By tHe s, shows 2

vappizetian ok the duue OorpensRO0 Ae Cnatinalioeyer_(BRIES: The

SUMMARY OF THE INVE TIOtN Ir}ha(t:cordanc%}\?\;{ith the r?sent Hmedi

inVBRIBTS (EEEdS haSBER R aETRIopetThASIEIN the FREda T EreaatE ™™

hyidridg énrgés:¢h tetybetheegadaiipd résctlmmeateds T hisdsactonmptistuticbyt vapor
| fashl ¥Proaan.ARd s, ail 19 treated fing agent

B e e T

refadivectodhisropcrebe isdudtnsharineissigpienviroshant eunpriate! the

hyctegeR,ig sgesglution. The type and amount of diluent added, as well as

the reactor conditions can be set so 25 that all of the hydrogen required in

the hydroprocessing reactions is available in solution. The

oijgiimar/hyivoory spiutrEgaibETlgENed to a reactor, such as a plug

flow or tybular reactor ked with catalyst where the oil and hydrogen. .

romct NSy ol oA S TERSce” 6 P Aot Wi te

restedUuiatiornisalvitegtages theouitides el ppicsationmithe Thanttoedemplished by

aﬂi%@&@@ﬁf%gﬁé@fﬁﬁﬂ%@ﬁg §8a6I$-6a0408 ﬁ?@ﬁ%&%ﬂc@éf a solvent or

much smaller 30 reactors (see FIGS. 1, 2 and 3). The continuous liquid

pHESETER B She Vit PRERSTBHIET ‘DVRIRHh dFBISP {BAfpefeftr: 2 constart

vigHathyreliminaie ataly siLekngdresuce fokiiensd, hydrocarbon
production and can make the system safer. Th? pr%%ent invention is also b
Cirected 15 HYBTGEFAERIRG 1 POHEBAGI A o T A Do AR 0 st 5

thenliksl] AXideaschibes: abmiesdhydie getrgasdssemgedansteistasiietledn solution.

The oil/diluent/hydrogen solution can then be fed to a reactor, such as a piug flow or tubular

reactor, packed with catalyst where the oil and hydrogen react. No additional hydrogen is
required, therefore, the hydrogen recivculation is avoided and the trickle bed operation of the
reactor is avoided. Therefors, the large trickle bed reactors can be replaced by much smaller
reaciors {see FIGS. 1, 2 and 3). The continuous liguid phase reactors provide more control
over the reactor temperature, virtually eliminate catalyst coking, reduce light end
hydrocarbon production and can make the system safer.

The present invention is also directed to hydrocracking, hydroisomerization,

hydrodemetalization, and the like. As described above, hydrogen gas is mixec and/or fiashed
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together with the feedstock and a diluent, such as recycled hydrocracked
product, isomerized product, or recycled demetaled product, so as to
place hydrogen in solution, and then the mixture is passed over a
catalyst. A principle object of the present invention is the provision of an

i grorediaotiisalssch lindidihase hiydrapmeektihgisysteitdyyauess isomerized
method, and/or. aratus., Another object af the present invention is the

SR O U h R RO RO DO SOt ar L e e
Fisgtves-§ M:swdna'ﬂcﬂgmhwtode.mletalization process. Another object Qf

the pre%%5;;&':%:{}?9H%chtsom%%\éﬁpﬂl%nﬁoqﬁgt[@ Dsdhash ioF & 1BACIOE N Antinuous

continuo Id phase hydroprocessing system, process, method or

dipadainse TOTRPENFET B REtBL RO (s sastipkeiiin /RREHfovision of
an imprevefiaRpA S ieheanir aliasiscRANuRNSlisud RhidgRoved

hydroprocessing system,. process, method and/or. apparatus. Another

BT B PSR G v R T P T B R g rocess
method Aasiasiadgtor difi theonatim duetituridspghaseshigtino pfecessinigmethod for a
_S}(%&m b Etosc%%l%h&gt@%%orh%s% ﬁg&gr%&% i?rigost% ?2118 b et f, %H&t%& g Q}gpaxatus.
invention isthe provm%n ofa préssure controf method for the vapor
phase idgidiée sbizctor foe presmtifstEdigithp heseiapdropr doptsiag apparatus for
SY SRR 266 BRI N8 %ﬁ@&q{%r&@%ﬁg@%{ﬁggﬁsm and/or
invention is the provision of an improved continuous 20 liquid phase
h§R#BFeeessing system, process, method, and/or apparatus wherein the

liquid meyefipvoiteitheie actesl aveailhelstiie topvaidheTedcian asilontrol
bottom ?{othe reactor. Another object of the rgsent invention %s the

BRI AT D I RBHI S8 e BHARR Y g SSBingroocss, method or
systemnprocess, method, and/or apparatus wherein the design of the

system may.feature.a singl iple.re i

e acrors R e S e L 0P method
reudingaighbrrg IngidrccEsERSIn aCeBFINUG b higuibaphagEoprocessing system,

hydEeRroGessinGSyRieakhy venting excess gas at a constant rate directly
from the top of the réactor. 4 BRIEF DESCRIPTION OF THE DRAWINGS

FIGUREIRFsRathatit phROBESS O iradransT Bre dersef Ay drstrae pontmuons

Fiaiid Brdssryaehamnatia Poerss fnsesiagsamdobadresigiysiotigatetn the liquid

FIGUEIE 3.is a schematic process flow diagram of a hydroprocessj

RIS IS ORETTE £ TN ot oL S e B gt

reactor systére; oBGUR B Grisseschemtic iprbcessvildon dizgranpoadi@ognuous

B%ﬁ%d%%?%%@ﬁ%@sing system, process, method, and/or apparatus wherein the design
of the systermn may feature 2 single reactor, muliiple reactors, and/or multiple bed reactors,

Another object of the present invention is the provision of reducing light end

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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unit; FIGURE 6 is a schematic of a down flow reactor system where the
quantity of liquid in the reactor is controlled by the level of the liquid in the
reactor; 10 FIGURE 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

EResrherrtInKIG P REBIRA $ehematic of an up flow reactor
system where the tity of liquid in. the, reactor |s contralle the level
o e T e B R R BTG S O e
systemmﬁéﬁeﬂﬁémpﬁmﬁé heruick érﬁo%dimgmqforxi@ﬁdmmmm the
pressurg of fop JRsea LRI SRR UG UG Iqam%mggsafgasﬁ@m

flow two reactor system whe e quantity uid in the reactor’is
control E§BIRME ieerbrrasddieforssn e riapmr ECUREstEgeigeactor system;

schemagigsefrar d0wn LA e RACIe RS MR Qe the) 0 et o rdishdissing
in the reactor is controlled by the pressure of the gases in. the reactor; 20
FBBRE 12 is a schematic of an up flow two reactor system where the

quantityraf;UiRBid indbeheeactosia ¢ontr ddbedrbycthesieueh ofiitre tigujdanitier Hquid
reactor; FIGURE 13 js a.schematic af.an.up.flow.twg reactor system

Wlﬁe%rlg ¥ﬁae0t8ﬂ§rﬁ?®%r8#%%?}fﬁ% he roe?a%%o% g%é%f?&fgﬁ" 0)1/ﬂ’the pressure of
the gasédGVRETeactonsRIGURE davis Roschrantetityota dbem fowwingieof liquid

fﬁﬁ%@&%&?m it e catalyste2a-DeemIALES the,graptify of liquid in

the reactor is controlled by the level of the liquid in the reacfor; FIGURE |

15 is a SURBMRE 6P AASRHAGHAGHE BR ERI6I05 Rt Whertiks gueafstof liquid in

beds wbeketbe,guaatity efdiauid dn dhairpactaris soptrelled by the

pressure of th%%ases in the reactor; 30 FIGURE 16 is aﬁchreénatic of an Gouid
Siigtere &8?&@@?@%‘3 AP R R B S e B iRty B qwd

up flow si
liqhictdnctbeis eacioii donirofedshye e gebaf thiddicpaiddn the reactor; 5
FIGUR }}ﬁ@ hematic of.an up_flow single re [ i -
catalys'ltzgiég S Wfl“?(gl% the 8%3%%%%%%&? ?r‘igt e%%%%?%ﬁ?ﬁ%%%ﬁ%d%@quanmy of
thiegpieé ss tireredatioe g aseisaiiethey feiensd; EIBUREd ritharsetfernatic of a

single beggaawn flow wactorwithaligmid deval -3 SemFQURLIOLUSR MEquaniity of

continuous liquid phase hydroprocessing process; and FIGURE 19 is a

. Y 3 : .
scHepddndhsrEeRRnis BeR Rl B e Rt Tt SRoBsres Bue EaR®bllers for
use in a EOFUREOUS 4i6) it AR Ny IDIORESENGPIRCASRm where the quantity of

liquid in the reactor is conirolied by the level of the liquid in the reactor;
"FIGURE 13 is a schematic of an up flow two reactor system where the quantity of
Hquid in the reactor is controlled by the pressure of the gases in the reactor;

FIGURE 14 is a schematic of 2 down flow single reactor system with two catalyst
beds where the quantity of liquid in the reactor is controlled by the level of the Hiquid in the
reactor,

FIGURE 15 is a schematic of a down flow single reactor syster 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

1Teacior;
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DETAILED DESCRIPTION 10 We have developed a process where the
need to circulate hydrogen gas or have a separate hydrogen phase
through the catalyst is eliminated. This is accomplished by mixing and/or
flashing the hydrogen and the oil to be treated in the presence of a solvent

or dilueRIGTARING & kelativalyihighus el hiins iR Y08 BysirR WRRHA Latalyst beds

i at, sa that the hyd in js solution. E ,
RS R SRCB AH HAHTSEE 1AL R b P SO P o e the

meaxieryim capacity of the oil/diluent solution for hydrogen is utilized.

Hydrog R}tq?%( S ount soluble in the oi/diluent solution.. .
remains% in the ﬁa%plgrg%%%% ,#er%tfllﬁlg'rlé)r? a%"c";"f}ln ofdi ﬁcé(r)l g&%é@fqénsd level
et e doraisetoy emditens laairirhasethydreonetcaibisizthe teptranen

requiredhjtytheshyiopiacessing e At L AV kRIS SO kKN I BEecd0e

oil/diluent/hydrogen solution can then be fed to a plug, flow, tubular or
o?ﬂ%??g%té’ﬂ}é%%ﬂW&%I%WHE%WWW%B@@?W%CL No

additional hydrogen is required, therefore, hydrogen recirculation is

%lia%operation of the reactor is avoided (see FIGS.
T trickle bed reactors can be replaced by much

sqaa&%%wgﬁ@ﬁm&r&%b%%ﬁ&& AOS %‘E&Eﬁcé‘ﬁl‘i iacg&lgﬁa%ﬁggéd%y mixing

avoided. Because all of the gdrogen required for the reaction m

atBab [ Reg ol dneatRaf the 38 A fur esiad i the nresq ofifctallyrat or diluent
hMQ&Q@%@MM’EE@dﬁﬂ%‘%ﬂ%@%&?ﬁﬁa@éﬁ&%ﬁ%@&@&E@QB?M; so that

Elimination of the recycle compressor and the use of, for example plug
0 Y R 1 0 G LG R LS RS o O i
hydrgiveatinbaptocessinhine taaciorsithhe Esentsua ot e Mayoben is ntilized.

alter 9 in de%gn ar}d&in number ccomm te the specifications
D R B o R ey e vepor

pEbderet specifications from a particularly contaminated feed may

necessitaie the addition-phamadditianal reagter . Exenin the 688 WHeES ve set so

multiple reactors are required, the 6 reactors of the present invention are

prafb ALt B CBYa Rt RIS ol BRErsec At SR i 28Rkl pipRelution. The
sionpiehdesigEsiitiestiisin & reduetaniob aaniiaiRAstuhen 6PFARANREIO: packed
c%}ﬂ{ebné' natl %ste@ns. Ip ag(glligionc;[o utiIizti mléjéﬁllg‘lqle r;@g;éggrs, it is also

pOSsivie 10 house” muftipfE CAYSIy e h EAS it A% Sy e FALESP FaGage: therefore,
Thedcrgationiofulatitipledvedad andchs bitkéetetRpia)iturtifehdovsets capitatied (see
c Hizl | I l.to.house multiple catalyst beds.

T P ey gy smaller o
coHEig sefepahtseatdiyst &ypes to more efficiently accomplish the product

specificatiQR@e& to using much smalier or simpler reactors, the use of a hydrogen recycie
compressor is avoided. Because all of the hydrogen required for the reaction may be
available in solution ahead of the reactor, there is no need to circulate hydrogen gas within
the reactor and no need for the recycle compressor. Elimination of the recycle compressor
and the use of, for example plug flow or tubular reactors, greatly reduces the capital cost of
the hydrotreating process.

The reactors in the present invention may be altered in design and in number to

accorm‘nodéte the specifications required of the product, given a specific feed. To achieve the
desired product specifications from a particularly contaminated feed may necessitate the

addition of an additional reactor. Even in the case where multiple reactors are reguired, the
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exothermic, and as-a result, a great deal of heat is generated in the
reactor. The temperature of the reactor can be 10 controlled by using a
recycle stream. A controlled volume of reactor effluent can be recycled

haslda drenk onisehthe eaci0e YobieHad B EMPEAR AL GERISHYb&ATse their smaller
blended with fresg feed and h%% ogen. The recycle stream absorbs heat

RS By TR ETPRA OB T TR Ih A RYarEgRA! 67PTRE st aer srrgpated to
reducaesdhd sgstperaiurgidsedhootilhithadeiaplenciherscadiolteipabaiustouse

C rolling.the fresh feed temperature, using,a
ATl A O RS R Bt o
beeable d fadye dosirearmienteshbymblidups sinate iravtoaliesseyio house multiple

reagiod HLAlSTRaIes a5 ad eptdiluantnd Qﬁz@r%%&ﬂ'@;\g&]@? &wg&%amam

further control of the temperature of the reactor throughthe use of a

oAt GEH PRSIt alnisemaiie thereedrr Apeniaratiekeral.
bfmd reamwsowmef&e&ﬂbnammﬂ.dapmf& qui@ﬁ@ﬁi&&%@i&@%awzﬁégfw Satabeatic, and as
The advantage,of.a continuous liqui ase reactor is that iquids, in
R THGE Rhet ML BT AEN A Gt T OBIEPR B e osctor ca be
capavitiedbp ugivea molde utesathe 4 reaterialiliyl thetohelecolefiasnioran be recycled

aRsoring.eat fam. i%%aiw{fﬁf}éﬂ@ Q%é’ﬂ%y%s“ﬁ‘é%%%mn% minimal . frosh feed and

increase in temperature itsélf. A<continuous liquid phdse reactor acts as

h8¥dieRe dBsoesitieeReassahiabiion oeiedbioheowgtion o6 tiwefeed and hydrogen
QR BRY Bitiist e uahRus -t %ﬁ@éﬁ%&%ﬁ@uﬁk e Lapipueys Igpid emperature

phase reactor, the process 25 becomes much closer to being isothermal,

G0 PRI ITE A GRIBBR S Sis- 538 ferdipRp STiE R AdBchetivR&TPasessay,

readtirimehandimeactly, Qutigtiitcappraxisaately-ayiRisttarh CodemPeIEibdies that
d'?;fa%eari&edln addition reducing the te er?}%ur,i difference between the
e

a1 1ne IS 16@ n?ﬁ?ﬁ%ﬁ ﬁ}'&ﬂ %Hgagédes further

reACtor Mot ARd Teactr Uit iéniperatufed!
recaston alsbe sanpesature ré dhly reachac Eithiech ridislesn of hotrsipotsdibwetbingg reactor,

withipihe calalvsioned 304 SR I PEERERL BYERNANSWin fim of liguid is
hydro rocessm%ycoklng can be nearly eliminated because there Is
aIWﬁ?ﬁ

BeORTER 1y aroHEH- avBn abTeTiEsor Ao s mvitlicyidrgashesactor is that

CTRGKIRg T 88¢3RN 843k .i PIaEBeal BipLanclaadd g uicigngencalalyshlifepacity of
and reduced operating an%}i!naintenance costs, 7 Another gyr?oblem found

inRYBBPrOCHSSHTHRE BrodlHOM B LBt dRyHrEEaRS I gagss surroundings
Théske mdlegvilesy predmm inatelyeriethamnesare alindesitable iy Giduit phase reactor
which, in great _enqugh guantitie st be recovered, at additional cost.
R B R A

g RRoTh NGEb Ble i shdigritoared hecgattivaus 1Brfid thissc orapou ticker dgss
the.tende nax AN ALLRARMP ARNSIAR NAkSRALS, A5as WRRIBMQ220c-33°C)

temperature increases significantly above the set temperature for the

re BT AT OB SRR ReDiEEh TReTER OMNR IS igPE BRb EogFpyimately a 10°F
SYSteras empiaNRQIES ALUBNGRINeY S WiNeh@¥8e temperature difference between

- the reactor inlet and reactor outlet temperaturss, the continuous liguid phase reactor also
serves to greatly reduce the problem of hot spots developing within the catalyst bed.
Using the present invention for hydroprocessing, coking can be nearly eliminated
because fhere is always enough hydrogen available in solution to avoid coking when cracking
reactions take piace. This can lead to much longer catelyst life and reduced operating and

mainienance costs,
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placed throughout the reactor. The quench boxes serve to inject cold

hydrogen into the reactor to reduce the temperature inside the reactor.

Not only is hydrogen an expensive 10 choice for cooling the reactor, it can

pose a safety hazard. The design of the quench boxes and the method of
controlligthewptbtdyrmfesddtetyidrogeesintg thée eastoctare ofifidhbecHugizocarbon
.01 LAV ABLE N A EOUALALTG SR EERKBIBE RO BPAMI, in greas

reaction could be started, possibly creating an explosion. Using t
m%q%wtwﬁﬁﬁgvsﬁésgt@&sh@a@kmus%ﬁ#ﬁhbﬂas%éagr@w
byuank6) tRlchéeehisbian Hvoughdhe ss el acontimeurtliadid 8RS8 duction is

reactor working.also as a heat sink to create a reactor. environment that is
B T PR L OEh Bl B D S B kot e

neechéonce kdiydes gemmi feetisheboxdss redtaes:theredpittiecestiof. To contbat this
h j t ' t th .
V\é/{%g t %Eer%ggge%%%l ﬁgf&ﬁ%%%?ﬂsﬁ% Et%lﬁsaél%sﬁl S ¥]e ADRYSIEMyhich are

e introduction o ohtinuou pha € reactor, t e Is a need

@ BecdBeorshod Bniventtie TompasPe s hREvijaitiprtsel idusioeaminto the
thesath e henlsink whishallawssthe raysimdoNenaip &l Q?@r&%éﬁ%@if{i‘éﬁéﬁve
S

By controlling the amount of recycle fluid and the temperature of the fre

fSBGI 12 SO R el Y RS PR BFARE. HaSiBeFEhal Ta@ianch boxes
asatinainiahodhe dueatcdinlg, haithibey theodead fodrbyel dgenhguenth hoxesl, because

Agother isshe that %{éjle%s"g&‘@o% e.\rgduction of.a confinuous ”%‘f“dmer@%éﬁd be
reactor Is : fﬁe ne.e ora pro'cess C_)r cotrlﬁroﬁﬁ%gr?he qqanti?f/o at at
ligtadedr hissbncuenplishad bysame GfinatapspseRimyetiteryitamitrafocessing,

liquiddn thereasiorarpoemoniiolied Ry:maintaining.eniguitkinMifcontinuous

reactor fo a specified level (See FIGS. 6, 8, 10, 12, 14 and 16). In this~
pRFEBE Bhepq & rRCIOT AP aHYiAR foRRA SInkal R SRR ACRTEF SRR fhat 1s close
migstdireraintainededf ihehdavel afvibentiguidisesateothigh-the-amawytafgen

hydrogen in the oil/diluent/hydrogen mixture 30 going inta reactor will be
S et TR LI B PECTEer AT G T B opereses e

th@@tﬂ@@ﬁiﬁ@f{ﬁyﬂﬁnogen in the oiI/diIuent/hyd_rogen mixture going into the
reactor il be.decraaseshiraliommerns liquid ia.e0tenihe ”cﬁéx%t%ra 12886 be abie to

second control process, the ‘quantil%éof liquid in the reactor can be

coRtEHER RS R MG h HPHE 4B Ghe BRtiE fcsBysitasdieahunionbish allows the
(SEeGESehath didseld, id&Rndal 7B ThaecesSHyHReaR ARG HID FRRTLE! the

BB D58 el AU IoE A e ARABLITE o Ay S o
inthetoil difusatind tbg épamsixiy reitintnotha cedd ito thérogactorendl bexes.

d ' i fihe. | .
ecreasigﬁt% qhigy %QP&E%&# /gﬁme rh%tr d@&&(%%%“{&t%@g% H)%rzé?";ﬁggé_ergacmx is

amount of hydrogen in the iluent/hydrogen mixture will be in )
IntherpafdpreaEassy fey sramelline i naumply rédetb e we mitiiple aseeruplished by one
regeiReswig, usgl, the qgﬁﬁﬁﬁ%ﬂﬁﬂg}%j i 1REEEAGIP 5 Qbntioil® 63388 Aning the
multiple bed reactor, surrounding the ,
lLiguid 1 the reactor to a specified 1ével (See FIGS. 6, 8, 10, 12, 14 and 16). In this process,
there is a specified Hquid level range within the reactor which must be maintained, Ifthe
level of the liquid rises too high, the amount of hydrogen in the oil/diluent/hydrogen mixiure
going into reactor will be increased to lower the liquid level. If the level of the liquid drops
toc low, the amount of hydrogen in the oil/dilnent/hydrogen mixture going into the reactor
will be decreased to allow more liquid to enter the reactor. In the second conirol process, the
quaniity of liguid in the reactor can be controlled by maintaining the pressure of the gases

inside the reactor (See FIGS. 7, 9, 11, 13, 15 and 17). The excess hydrogen and light end
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catalyst beds, can be controlled by the exclusive utilization of either

multiple liquid level controls or multiple vapor pressure controls of the

gases in the upper portion of the reactor, or the two control methods may

be combined, in various combinations, within the same system. 10 The
frekecdrioventionalide tifers:foo arecord entiopatifedhmedogy. idfthatrescsessof those

can bhe vented directly from the.r .. ool ] treating,
e B S SR N AR S 1R

Hpttedyesd gas rrsetiercirdlinstderthasddn abicre sotipaifnyesswie réf thaeressure
veirdodifesthniramy ienal T8RRIk, Ridtesh fealaf YErRASM be increased.

would be lost or used inefficiently. Because the present invention utilizes a

18 EBWETEETE G S PRE Y MR DT R IRTFRAL TS Qo SEHRPID RefRgiars are used, the
hydiatenithqoiddh thersaaoto i, anththereiof e, kel gasesdnsidedieling the

"eagiol %éﬁs?xgneésc% ol and light.end u%}ﬁ%’é%%a&%%%{%%sﬁﬁvﬁqﬂ% lovel
eXCEZS gas dplrectTy rom tne r%actor allows more eftiicien con%ro?of me
syestanistyy rrikiphéZinpethadsaiec neteld foihasysteMearjustifte of the reactor, or

CHANGERAESITRAR 40115 ¥ERLABR HOA RIS Ak e Rdaitan ol ivd e98ae system.

or subtraction of hydrogen 20 from the system. FIG. 1 shows a schematic

process e RFeiEY iAo Pa e SRy drett Saterpieraldrypieny AU s coss gas can
the terme @ty frashiend Stocknlabis g o kydeadich ange limpot ases

ta,. comhination area 12. The fresh feed stock. 12 is pumped, by fee

R BT T o BT S oI T T ESh R GloBe 13 L froueh e
cuatinelf githwrdioerehaade28 oot reared feeid w6t tosfermefriedtal of

f%@&%@@c@bM@%Mﬁu@&ii&x%&&ﬁg?‘@S&% LRLA! A RSt

separator waste gases 24 and separated mixture 30. Separated mixture
SOPRTROHIIABY WiticCaBaystiss RPTEsRIBF IS Fdneg Th bkt e reactor,

Tﬂﬁi_ﬁﬁ%%m%ﬁﬂ%%ﬁgég&éﬁiﬁﬁ%im@rw@@dgg@&éh@\ﬁﬁdﬂ@g‘d@ﬁﬂ?ﬂ%@nd
contnul ow ..xXegycle 11ow IS Qumpe recycie pu to .
U R R ST S AT ST IR SUGM S s gfcient
femdikl afittehnydimgen HhmiGominting:fone&0:fl dwshintysepasatdinS2fier changess
WhHETE S6oRd %@&?ﬂ%&%@%&%ﬁ@éﬁ%&{%ﬁ%\%ﬁ?tOo‘fr {6081 of hydrogen

reacted separated flow 60. Reacted separate 0 then flows Into
flaSHe B 2X8%Brm flasher waste gases 64 and reacted separated flashed

ﬂ:)\_N 70dF-§@.e 1"%%@% &ma&%&gﬁw f{%&x@ﬂ& H\&aestepgﬂ}%%hém& generally
strippe where stripper waste gases re remove ar e ,
oﬁﬁﬁtﬁf‘ﬁ%ﬁ&%&“ﬁi?ﬁ?&ﬂh e e BrBREREH %ﬁgé%merawap 14 %0
resichbiydiiotr eatel &y cher dthshdesignate by thenmiberiakd QBalzrasiiedd o
stock .is combined with saqlvent 1 t S.combination area 114 to form
S S e R e

corbiiesdtsdenifde dorpotiesiherdaninin dd wWilirhyd MysritERGepatited in separator
hyGroiteateahst separator waste gases 24 and separated mixture 30, Separated mixture 30 is

combined with catalyst 32 in reactor 34 1o form reacted mixture 40, The reacted mixture 40
1s split into two product flows, recycle flow 42 and continuing flow 50. Recycle flow is
pumnped by recycle pump 44 to become the hydrotreated feed 16 which is combined with the
fresh feed 12 and hydrogen 15.

Continuing 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

flagher 62 to form flasher waste gases 64 and reacted separated flashed flow 70, The reaéted
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feed 128 to form hydrogen-solvent-feed mixture 130.

Hydrogen-solvent-feed mixture 130 is then separated in first separator

132 to form first separator waste gases 134 and separated mixture 140.
Separated mixture 140 is combined with catalyst 142 in reactor 144 to
feparaa babtddinvixiine 150 piinpadtattetkimpetlie ¥hrésejlittimeingases 74 are

roduct flows, r. I ahedsand continuing flow 160. Recycle flow 152
%%a%ngéé%yé%hréﬁg%ﬁ@ gl: %p 154 to become the hydrotreated feed 128

which ElGofnthinwe avithethetis shpentsiley dperapdManeidhvipgreater generally

Gatinning faw AR0:flawscinteseganrkarpaBiQl R WReeiBeRINGt 112 at
separator waste l%ases 164 are removed t cr%ﬁte the reagggﬁjf S%P%atetg "
OO IR 8L 48 AT ERFHRIUT A R0V oS tHEH HENRE THEBPHeshiS 72 R o &

form fashemwlastaglasesidcidl it teactechisephrdte b firsped fO\wnti8¥drotreated
The flasher waste.gases 174 ate cooled by .con y 0 .
fi%, {V?%IE:Qn clysr’n%%% : ﬁga-\sléll%e AEel mu%gru¥ﬂh$§§1§) eﬂ'gght!grgpfégdsr%XﬁﬂE 130 1s

the iIncoming fres 10. The reacte
sbpassedifiash St fione1Ry HeridBws o swrper Tastagiers kifippépeparated

Wasie-gasesski4-am remeverhiofermihe CHBLERERRALCET 8028 G430 form

shows a schematiciérlocess flow diagram for a hydroprocessing unit |
JEREPARTHEE Grhated D ARG RIRIERAI D80S FESRREPRRIZIP L Tecyele tow
comhineswithiadfskdileenk 284 1atadirst ramhinaiiosn acee: 20600 16rMo become
first diluent-feed 2 irst diluent-feed 208 is then combi it .
SRR 550 20 SR T o O S P QAR Bycrogen 125
diluent-feedRtd Secdd dilvem25dend Spatschépprirpeddopd separator waste

G | e ST y
k&%@%ﬁ%?@ﬁ&%%@f&a%&%%ﬂ%%@%% et %%%é?d%é&e%ow 170

0 Is Input into hydrogen compressor 2

othen fReciniebsed Ryarbgeodu Tt @rsetind eptiBiRiicrgralgd Nashed

248w Sec0md ilsppi-~fend 2d4and eempsessed diydeagan 224 @an solvent 112
combjned at third cgmbpination. area 218 to form hydrogen-diluent-feed

P SIS I‘ﬁ}%ﬁ' éﬁi’aﬁa%%%?“i% eé%1 ri)"l{)l‘xture 226 then flows
throughTeeckgpied vet exel dnrged ZR8WIRitnevaiinyss theorstivipre R26vbgrusepper
of the third separator 0 irst:@xchanger flow 232.
Fi‘?%?%%ﬁ%?ﬂ%é%ﬁé%vn%%a;ﬁ .réf*%gé’%%%%i%é combined at fourth
combindtiEn sareei23cohs Toia Mirscrs dpdteifesdn der 2 By FPmeSerle e senerally

fe@égiggﬁem;ltﬂ@%g}@qg@_ first feed-product exchanger 240 which

warms the mixture 238, by use of th eﬁ-ﬁfh rgeﬁ%zﬁrst Eé%tifierggxcha ed. )
exhaust 235 K5 AL<8 EOP B RAN G Ao S Bbh T ExEHaRgapor e
flows24 4oandise diineniefeye B0l o Wird4biane -Camiliivied Atfifthrabmbivatiomsecond
area 2 form second recycle fe 50 e .
iscﬁ%uexﬁ%w 9(.? sec ene d;iom mftct}/on.area%%%o f?%fg@?“g%? 8{11965?3@/%%5% %%c%gd dituent-

en mixed in recycie mixer (0} m 1ee re_cyc e mpgturg 254.
Fdexd-fadyclaamiunes 52 dHaeniidiws shesseasisr JAfetcs@pdreaabasgon area 218,

Hydrogen 220 is input into hydrogen compressor 222 to make compressed hydrogen
224. The compressed hydrogen 224 flows to a third combination area 218,

Second dilnent-feed 214 and compressed hydrogen 224 are combined at third
coribination arez 218 to form hydrogen-diluent-feed mixture 226. The hydrogen-diluent-
feed mixture 226 then flows through feed-product exchanger 228 which warms ths mixture
226, by use of the third separator exhanst 230, to form the first exchanger flow 232, First
exchanger flow 232 and first recycie flow 234 are combined at fourth combination area 236

io form first recycle feed 238,

10
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Feed-recycle mixture 254 is separated in reactor inlet separator 256 to

form reactor inlet separator waste gases 258 and inlet separated mixture
260. The reactor inlet separator waste gases 258 are flared or otherwise
removed from the present system 200. 10 Inlet separated mixture 260 is

combingih withreajaly 5262 tkeaciey 2hd toiain fedeirdwmixtulen@s6 240 which

React Xt 66 fl [ tlet tor 268. R
08 1 A G AT er DO SEPAT G b A ooy

ofvtietiisepearatexvhastergise $ 27 Sarmhd otictzsgpaiiawe d4hisadssnd recycle flow
%@%&%QS%%%%&%@ﬁ??&%%ﬂ@éltﬁio%aa?@asz%éQJ@HV&%&B?&%@%‘%&%M

separator and are then flared or otherwise removed 15 from the
presenti@prspnd omvoie fRadseisHiehss misedrs SPS TR SREHE redyform feed-
optletseRaFAOr 26 G andris slitinta:rtarge HReyey il 24BN thrRoBiiwing 256.

outlet separated mixture 276 at first split area 278. .Large rec low 274 .

o PO ERSEie o S 3B SEROE ST B gy gt
regiclefiono?¥4sis spits abEambinktiomaresl mtin@o?ﬁﬁst_'-?écy@ﬂgt@roh%@@ﬂpmtﬂf
20 2QeconIe s oW InNEhALe HastAs RLeMoudlBayssed.

Contintiing outlet separated mixture 276 leaves first split area 278 and

flows infolee fipeseich arirar e 0 vesshinehuitleereineriisvieoter tddentrm

efflyant fow.286:Howsinta fistrectiiend®s wheawdds el iadist 268.
rectifier exhaust 290 and first rectifier flow 292. First rect'fieaigpayst 2900tm_ ouflet
and firstY RSP IBE AR S DBFATABIFHER ﬁﬁ%egg%poaﬁ%m' anger 284

exc
wheeabeirdempetaine siffendacejaraed utedn P&ty entlensfomis waste

first rectifier exhaust, 290 into first rectifier e ' ve
e L

fe&dapiiooprstaxehsieny@0240 cools first rectifier exchanged exhaust 242
even furkier.iQ BShfIst-doulecralad exhausloat: fikslbipwaleand is split into

cooled exhaust 296 is then cooled by condenser 298 to become firs

COREE AR & RRELLT /0. OPEPRBIFRISE PRSP BT R Hows: fRd area 278

reflux accasmulaianSHaw\ahee ihismplibivteexhaukt Rodbantfitstditudnplit arca
204, Exhaust 304 is exhausted.from the.11 system.200. Fiest dil

flo%;‘\%%‘t ﬁ%’trg%ﬁing%ar?grlgﬁ‘ é%o?g’%%?r% Wit t%l r%s%ts éeef ésl%o%éé%i 234 and
202@s pravidudyvdicusbed. Fhesekeharayeruwhriitonsssdirst rectifier flow

292 into Airgtrectifier.exchanged flow,306 M@Q&Jk@é@{%ﬁﬁ%@i@@%@rﬁ&% into

308. Third separator 308 splits first rectifier exchanged 5 flow 306 into
thitdgepdesier WBhiabecoms birledstbia8ettidélow 310. Third separator

exhaust 23@flowsigexshangen228:as previausly: deseuilned it is split into first
rectifier exhaust 290 and first rectifier flow 292, First rectifier exhaust 290 and first rectifier
flow 292 separately flow into second exchanger 294 where their temperature difference is
reducsd.

The exchanger transforms first rectifier exhaust 290 into first rectifier exchanged
exhaust 242 which flows to first feed-product exchanger 240 as previously 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 refiux accumulator 302

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

i1
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Exchanger 228 cools third separator exhaust 230 to form second cooled
exhaust 312. Second cooled exhaust 312 is then cooled by condenser

314 to become third condensed exhaust 316. Third condensed exhaust

316 then flows into reflux accumulator 318 10 where it is split into reflux

agetm weto FexhELish 20! dysecond dittsintAd0Reliikaanubingatit: the fresh
%QC?USt So%)zis exhaustf:‘ddgrom the system 200. Second diluent 210 flows

to sesé%% comBInAtion area 212 to rejoin the system 200 as previously

discussEBik SeomgdremiffednidinBrotHin intd Kot irs et 2chavand low
Iig SPULINEQ SRER reetifien exdhausis3 2fh AR deaL B P PR B2 BroE HRki8R e changed

flow 326 then exits the system 200 for 15 use or further processing. Third

réetiridpCinmthitsonmm e e Alanderars iRl ddletifled to
becomerthigdsandensetexhansiosdo Hitdgendenaegrexbasigtdds@ibed.

fl f d r 328 into fourth tor 332, Faurth t
RSk B S e U RS o Rt e
second &mdrfioyo336:xBeust R Seis dratoroekiddnst B@4nsseXhigshecpngitiie
SX&&%@&&Q@&&%@%@&%&R&%&%@ 1060 845 eSS RARA0L US8:Rhiator 318

further processing. FIG. 4 shows a schematic process flow diagram for a
1bErEP SEPH, BHOPFEs SSMERUARGEERaIRAHESTaFH BYJURE ALndraiox

A0 Eesh ek sioeko40 diis.menitesadiad sk oDItONBGROINARRIIN flows to
acceptable input parameters of approximately 260F 12722 at 2%£1si

(15K SO SO R LD T S S A TS 8 ibined
with a diteenii4eiétdifsiesibinatiomareactdcddiformi Aowitsmedtis split into third

g%g&%éfeﬁgz%%%2gm%@§%ﬁlHg@;’iffﬁdﬁ?g%? eit?dtBSQ Q%ncﬂgige%‘cs the 531 tem 200 for

o
iluent-fee arge pump 410 throug monitoring orifice 412 and first

vaiseeo furthsraweensdineohbisarenfisresprs. Jydisyeminenssrpmitdt whereit is
PRLARR SO {3501 B0 Bsi 3467 kPa), and 30 40,000 SCF/HR

(1133 m3/hr) into hydrogen compressor, 422 to make compressed -
hydrogeht &0 A9RFRESFS SO EEH %@%%%ﬁ%ﬁ%%&gﬁ%mawﬁw 332.
420 te B st (28961Paa LA @42:KRa)aTdh 6 Compasihddytingerhaust 334 and
424 flows throu econd. monitoring point 426. where.it is.monitored for.

i e e T

th fegirsad s Fisniton wyitrificesze: 28 Becpadnaks1B0eesg8gond

combinafign area.Alo 12, KR! fROnorng gfif af.lrﬁ()’ﬁb’ﬁ}dﬂ}fdr cessing

feed forward indicator and controller (FFIC) 434 are connected to fee
indiehasreahirrEEtERe PAAse R A EsHfols the incoming flow of

' combineggifupat-fead 408itasesensicombinatidnargaddi s Simiatyeptable input

3

30

St enialan el b secam yoha 00 RO IC OB, e

hyfiegigeeci 2d1te feoondbombimitiodiared 4046t first combination area 406 to form
combined ditueni-feed 408. Combined diluent-feed 408 is then pumped by diluent-feed
charge pump 410 through first monitoring orifice 412 and first valve 414 to second
combination area 416.

Hydrogen 420 is input at parameters of 100°F (37.8°C), 500 psi (3447 kPaj, and

40,000 SCE/HR (1133 m’/hr) into hydrogen compressor 422 to make compressed hydrogen
424, The hydrogen compressor 422 compresses the hydrogen 420 to 1500 psi (2896 kPa to
10,342 kPa). The compressed hydrogen 424 flows through second monitoring point 426
where it is monitored for acceptable input parameters. The compressed hydrogen 424 flows

through second monitoring orifice 428 and second valve 430 to second combination area 416.

12
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Combined diluent-feed 408 and compressed hydrogen 424 are combined

at second combination area 416 to form hydrogen-diluent-feed mixture

440. The mixture parameters are approximately 1500 psi (10,342 kPa)

and 2516 BBLID which are monitored at fourth monitoring point 442. The
hydrogensthilueittfee diifisd e 440 thanfiiws dint dergHideed didgratuend controlier

nger 444 whcich warms_ the hydrogensdil - ixt .
SRR A e D e A 410 Dtcomin

fBew-pfoctubinedclibayelcat 405 o resendmmbiatiateyer S84 FmBarly/smond
%gﬁi%%)ogﬁ@e exehanger flave 446 isneritasedatifth-manitoring ReiNhich

448 to gather information about the parameters of the exchang,er flow

488172 PRATEIERANGEY Mo RPERE-REhIYSRAI At RETORCETPrarEaRFes 416
458nwhieh ds capabie 108 hepthgrikesexahangertow d4GahmOaMVIBTdHR

1456 kW) t te the preheated f . Preheated flow 452 i
L
frwsptmodmt¢hirkb0Rlse A66 4P arorilidie BBY/ Probinireririryitored ptifourth
cQatoler (B 467 toaunaly e fuelleralie RAGIOUBIRASAIRR AT RIL focc-

is connected to 20 third valve 460 and temperature indicator and

O ERRR A 564 PR PR SRS RS SByE 4 4o Ry ARg use of
afrthiediRinbioation area #66 i fnaprehaated4m Cyslerdtavw$@8ct exchanger 444

Preheated-recycled flow 468 | [tor venth monitoring point

47&@@&%%3%%@@%@?&@%%2%%% Ixed in feed-recycle mixer

472 to fahm detdmetyeler mikiyrectidrédos difiboyolatoming reid 74 He gdibws

in&% Or&%}&rl jdn I(%g %ﬁes%pgé%{%g é@l L%%%%Q}%{O@Igaﬁseparator 476 has
RO B IO SIS (1 '

parameters o m X 3.05m). Feed-recycle mixture

474 is sEparatbanectdariddibrsBperiatisiis terrtpnpTaRatsT Aiflarhich is capable
SEPRLAAL RIS AASR A4S a0 ¢ InlelSeRaAied Midsitev) 80 cReseiRRilated flow

separator waste gases 478 flow from the reactor inlet separator 47
il Rt e e PR
reactor ipke! gepaafwdste gagesidas, thet tav el tintiughd fourtswakydicator and

486 t eighth,monitori oint 488 and are then flare ryvise
A T e SR RS R Tl A5 R comecra o
(LiG)I48h isi60ané cteg vt intbcatbr wafeongelisndliebttér inlet

separatqs, 4/6, L3 IRlesseparaled. ixiueAS0 flaws aul aidhe LatokiNEbrea 466
separator 476 with parameters of approxmate% 59_0F (310C) and 1500

pdp (PomBEias i wHiEH AR e h i rEd e AR RS AG sMeBER thibeventh
sepaates s e M8 is sambinedasiidisgatialysts30 titeastal DGdetbrecycie mixer

fotr%% to form feed-recycle mixtare 474, Feed-recycle mixture 474 then flows into reactor inlet
separator 476. The reactor inlst separator 476 has parameters of 607 LD. x 10°0”S/S (1.52m
% 3.05m).

Peed-recycle mixture 474 is separated in reactor inlet separator 476 to form reactor
inlet separator waste gases 478 and inlet separated mixture 480. Reactor inlet separator waste
gases 478 flow from 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 vaive 486, past eighth monitoring point 488 and are then flared or otherwise removed
from the present system 400,

Liguid indicater and controtier (LIC) 490 is connecied to both fourth valve 486 and
reactor Inlet separator 476.

13
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5 reacted mixture 506. Reacted mixture 506 is monitored by TIC 508 and
at tenth monitoring point 510 for processing control. The reacted mixture
506 has parameters of 605F (232C) and 1450 psi (9997 kPa) as it flows
into reactor outlet separator 512. Reacted mixture 506 is separated in

reactongidtiehsppaiatornbi2 o fomm seasiehotdicloseparetoraastesgeites
514 and outlet separate ixtur . R out or wWas .
ST RGP T Y S i) B Lot P B0 SRR MERIS, Hnitored

for24@ mbBiidihe: eantdoutlet separator waste gases 514 then travel past

e'eventﬂu@%%g%%@aa paint230ARd.Hwaua fifthalye 522 2nd A58 452D form

flared or otherwise removed from the present system 400. The reactor

ouEeSEpERIETON RRpeSAISIEE 0CHTOMRTEICS 21 T el isnth gronitoring

OBt SEPRMIRK 5k hashaIamelesscaliGRixhBe 300 pHHH=BAN605°F (232°C)
3.05m), Outlet separated. mixture 516 flows uE of rea%ctosr Qutlet separator
ﬁr)é or 512

5% Afnf RsL IR B B AR AN CERFAINY Gutlet separated
mixturefxR6tat fiistapltEras52eicRacyetect owt464ispionbedteHstigisactor outlet

r%g%%ﬁ?& %’E‘R%‘_ %5%95 and Rastie Ml MeNQHNg DoV 382 IR IQUAR separator waste
m i

itoring orifice 534. Fourth monitoring orifice 534 is connected to FI

C
28536 WHieh iS e ihetrationeTic Soaracsi3diepPorosianaiie 558 518, The

Altertheesyele.fiow Wadk leavesitoudh monitaina ertieendidictnes Bowm: 520 and
464 flows through sixth valve, 53%%ng\f)on to third combination area 46

WHERSR SOTINES A B e RO A B S B0 ERGb Lo, svoiem

Quitet separated mixture 526 leaves first split area 528 and flows through

seventh..25 valve 540 which is troll | I r "
mixture ef‘ﬁce{ﬁrfi)él\;vgtsg% i frctaﬁelgé%ﬁ%%%%%?i%g%%%ﬁ%ﬁ?gggfﬁ uaét%?ruamr
heatiet Sp4ra@ufié? Separsaadienh el f8 518 thed tPavels(intsrhe effoent

heater 344, which.is capable. e heplingthequiletseRaAeHMBAELS B2bis spiit inio
at 3.0 MMBTU/HR (879 kW) to create the heated effluent flow 546. The

héateermisdit MR SR8 FOPHBHRESHE PREEATHRI A TOUHEBPEo™ 2 525
monitoriRgcpeintishidiuebgagHinaR flomsdbyolghueightBovalie Sbdvalit isonitoring
monitored by. PIC 556.to supply the, fuel for the effluent heater.544. PIC .
B
546 floisiionvioerted miTHiGHiBoiig Pifirmos B0l iz teviied 3521 fre digigacycle fow

553 Is&onnected o LiC-R04-3182RK 5h8 Aowsinta JeetifieneP thoueh 538 and on

14 twentieth monitoring point 558. Return diluent flow 560 also flows intQ
reltifIiSS R REIHiRIES 85 HERcpai oA e oY MR PICEr s A0 SAST P RETHvLY
X 16408} Rectifier diluent 562 flows out of rectifier 552 past monitors for
TIC 564 and past

OutieP separated mixture 526 leaves first spiit area 528 and flows through seventh
valve 540 which is controlled by LIC 524. Outlet separated mixture 526 then flows past
thirteenth monitoring point 542 to effiuent heater 544,

Outlet separated mixture 526 then travels into the effiuent heater 544 which is capable
of heating the outlet separated mixture 326 at 3.0 MMBTU/MR (879 kW) to create the heated
effiuent flow 546, The heated effluent flow 546 is monitored by TIC 548 and at fourteenth
monitoring point 550. Fuel gas 552 flows through sighth valve 554 and is monitored by PIC
556 to supply the fuel for the effluent heater 544, PIC 556 is connected to eighth valve 554
and TIC 548. |

Heated effluent flow 546 flows from fourteenth monitoring point 550 into rectifier

552. Rectifier 552 is connected to LIC 554. Steam 556 flows into rectifier 552 through
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fifteenth monitoring point 566. Rectifier diluent 562 then flows through

rectifier overhead 5 condenser 568. Rectifier overhead condenser 568
uses flow CWS/R 570 to change rectifier diluent 562 to form condensed
diluent 572. Rectifier overhead condenser 568 has parameters of 5.56

M\%ﬁtﬂﬂ[&ﬂt@ﬁl ﬂglggg%:t%@@.d%@ﬁ@g cﬁiﬂéﬁﬂﬂé&%ﬁlﬂ%ﬁ%ﬂi@orﬁﬁﬁﬁﬁf 552.
reflux ac ulator . Regtifier reflux,accu r arameters
o?‘?f?ﬁaF‘i:%g W%?T@%‘ﬁ 3ok ﬁ% %% e%@&?é%& ?e]fﬁ]?(%sﬂ%um ulator

547 is Retiiferadlbynt B62582wRectiffecadibns A pashulendns A4rspilStdand past
condensed di t into thr : in. str. .
o e e 03 o, B AR Ry as
aeeuiTsRItEISs RedHirpasehvenitorEper 6GB arthdlaysteiv 40674 B cugge rectifier

stgam 580dlews cutahreatfipireByux aceumeateiRad chAiRIGHeEM parameters
monitor%oint 594, and through pump 596 to form pumped diluent

sfeat? E’Wﬁ&@%ﬁl}@ﬁ?streamS% is then split into diluent 404 and

return diiueihieiviiothas Recendispltnares OO iBilue atotbdd flowS TrorRectifier

second split area through tenth.valve 602.and.thi itori i .
DT DR IO o M B AT or ) RO EO i S Resie
corfibirretionudrteg 2061 sunerddraoniBike s5it R erdidiefecftisenskmoiptas s 74 splits the

Preyiansly giscyssed; Retin giluent faw a80.floyys fram:secordshil diment

area 600, past nineteenth monitoring point 606, through eleventh valve
668&Rd Thto rectifier 552. Eleventh valve 608 is connected to TIC 564.
Rectifiethpindtieih F0 dl st of reatiiier&hd; pastinentyssiHhpnitatingor 573
pointt y Dﬁslée%]gdato exchanger 444 to form exchanged rectified product

614! xc‘he?ﬁged rectified product 614 then flows past twenty-second

monitorides potat6IB divdviwounirgstddoctiponmpoBns sEx it mpetergiu e
Pradiiel 614 dowsol OMPUMRA TaHhr oual ?&%’g%&ié@&i RERHIEEH1 898 Pumped

Sixth monitoring orifice 618 is connected to Fi 6 xchanged rectified '

proénset tHeRR ASHES thsiSiiEPE GHIEIG rfic e BB dEvanE it iJeiesgond split

g\ﬁfﬁé@@%&yﬁzﬁ%&mq%ﬁiﬁ&d @Qgﬂ%‘iﬁbﬂﬁ@t@@ﬁ @J@gh@@@gﬁh_ déﬁﬁmgdmm third
then flows from twelfth valve thro venty-third monitor

oG AN Bro TR AL B BATEE E EHEIEEH S Torm g v o

proshuich 832, Prod(ttvdanter 626busesGWSAR 528 sPeradiidtasgotetdvaly discussed.

parametgrs of dﬂ%)fwMaotﬁhwglﬁ%%&\égapg'.neL&%%M%éﬁ%éﬁﬁ%gn%mmg

of cooler 626, past twenty- fourth monitoring point 630 and out o _
SYRYEHPAB s ghy de BRRou & St v e 15068 S HovRifsgraniaige 406 is connected
mdtistagghydrotreater generally designated by the numeral 700. Feed

710 is combined with hydrogen 712 and first Lo .
' 1 ty 610 %ows out otn ractlix’%az 552, past twenty-first montoting point

Rectified produc
612 and into exchanger 444 to form exchanged rectified product 614. Exchanged rectified
product 614 then flows past twenty-second monitoring point 615 and through product pump
616. Exchanged rectified product 614 flows from pump 616 through fifth monitorng orifice
618. Sixth monitoring orifice 618 is connected to FI 620. Exchanged rectified product then
flows from sixth monitoring orifice 618 to twelfth vaive 622, Twelfth valve 622 is connected
to LIC 554, Exchanged rectified product 614 then flows from twelfth valve 622 through
twenty-third monitoring point 624 and into preduct cooler 626 where it is cooled to form
final product 632, Product cooler 626 uses CWS/R 628. Product cooler has parameters of
0.640 MMBTU/HR (187.5 kW), Final product 632 flows out of cooler 626, past twenty-

fourth monitoring point 630 and out of the system 400,
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recycle stream 714 in area 716 to form combined feed-hydrogen-recycle

stream 720. The combined feed-hydrogen-recycle stream 720 flows into

first reactor 724 where it is reacted to 5 form first reactor output flow 730.

The first reactor output flow 730 is divided to form first recycle stream 714

and fir§iGohthaing sehatorilquoddld Avarbagra2 {6 rstodintingd hgdeactosr

flow 740 flows | j r [ W
B R AT O AEL 1 an
flevyCiseeah e doapindd ideme evtdnasdirtbbeiorse-msyciesr 720. The
@618 dlRARAM £R4dDyBIE 28 to A, cOMPINgGeactor 724 where it is reacted to
stripped-hydrogen-recycle stream 760. The combined o X
R RGBTyt aHochte B0 TORIGH REP A ST fo it gyform B
wireteittisareabieddd fareosectngreaacidiceu it fl avea/ 732, THissiseeomding reactor
react tput.flow. 770 is, divided at area 772 to for d.r
e e S P Y R S s a0
fRowrranersrie JetRrAlrigppae iy désignated by the 15 numeral 800 where

the quagtity,of igwie4p the.ceacieriseantiliethByihe develorihediouich iR recyele
the reactor, Fresh feed stock 802 flows into first split area 810 through first
CHiIFeE: 864 In RsR oo P rfé’é@té%‘?&“&éé?@@é%ﬁ%%%‘%é’%&%??ﬁ%J%bGTM

anntigceQmnpiactyeoyeictedractetpodudancfeeho@idoexdta kSt GBpitere it is
area 810 through thjrd orifice 808..Comhin recycled reacte duct... .
pER T R L i e S g SRR S
iﬁ%@inwmmwmm;wmmmé@mi&@rﬁ@!@ttmm@ﬁ@econd

mixer inigk %%ﬁo%i‘g s‘aﬂéﬂﬁé% %JB’QS%%@%%&&%QHE%&%&W ’@&8 Oated by the

valve 830. Recycled reacted product/feed/hydrogen 822 exits mixer o
tAEGR A EPsTRIas gperiRycAdITEithibtre setaiorga oonrelighre et et the hquid
ﬁﬂa&hm@&;iﬁaﬁ@ﬁ @éﬁsﬂ&ﬁwﬂ:@m Ct;:&ﬁ@&i&ﬁ G@f@@yzﬂm&?@mg@ﬂd f%@t?griﬁce 804,

ws through catalyst be where it reac C reacte ]
RS LB B S HRRELE T SO0 S LS b P ced ryed
hychoebphonqaseé 848 ] Mayitctesplitofsdlotibragidiset orfida®Oat thembined
'an.0taaeior 40, 43A%88 B4R a1 remayed o, teAGEr AA0ANININ. inier 24

. 4 ed from

reactor orifice 84/. The rate at which gases 845 are remo

reEesr B4 OB IR TG TR EISEEIStE itk ¢grv Bt vAlve BToIsheceiemixer inlet
ofsthe fguid seeyciedyaaciedipod %Sﬂﬁ%ﬁgéf%d@%%%ﬂ%r@%l“ﬁ%%?c%d reacted

30 level controller 850 which is above catalyst bed 860. If the level o

I R HCTEIET TERER i PSR EHHEE GAT BRRTES S fuEet foBadle™s mio reacior
desietdigicsievelidpyekeontoder 85010 signaeldombydeagenivalifesa3@drogen

oI A By RBa Ho P IS T8 Hesired

liquidtieViskd@yetoEs T BRrsHersSBEIwisigret1d hyr oyen dalve BB ees, 845, may

degreass e Amox shothydrageninie tgfn%?rrga%%r 840, Gases 845 are removed from
reactor 840 through reactor orifice 847, The rate at which gases 845 are removed from
reactor 840 through orifice 847 is controlled by vent vaive 870,

The level of the liquid recycled reacted product/feed/hydrogen 822 is monitored at
level coniroiler 850 which is above catalyst bed 860, If the level of liquid recycled reacted
product/feed/hvdrogen 822 rises above the desired liquid ievel, level controller 850 will
signal to hydrogen valve 830 to increase the amount of hydrogen to mixer 820. If the level of

liquid recycled reacted product/feed/nydrogen 822 drops below the desired liquid level, level
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Reacted liquid 846 exits reactor 840 through reactor outlet 844. Reacted

liquid 846 flows into second split area 940 through fourth orifice 942

where it is split into two flows, 5 split reacted product 952, which exits

second split area 940 through fifth orifice 944, and recycled reacted _
SRETOEE0SE WHiCHEERIO BYEHEEsHHa sy tudogiratidhsABIifEByslesen nto
Regycted reacted product 956 is pumped through recycle pump 960

before mixingpvyith fresh feed 802 at first spl'ét area 810 F%?. 7 Shovtéﬁeﬁoﬁd 846

schematfBFSH HERHAGHTSTIF SASERPusBAEHMNY st B8Ry

rfinwe tatcl @06hd/keieathe g0 dntitypbf igriddn ibe Msasterdstde spitllath yo flows,
the. fth in th tar. Fresh f 2 fl i
R B e R e SR RO M O

T8 éwrstinbrsedsrid Brifits 1 006 aneP IS E I Teeyeleotrbisge 946.
ntediet endcleedrollld RS Brsl Pk 3E8R LGt i RLitie@ing with fresh

1008. Combined recycled reacted product and feed 1012 then enters

e SO 30 SISt HHixer 15 inlet 1024 where it is combined with

hydrogend 03Rpwhicitienters foteddoR Gdhretigtor secemd gaixerinktsignated by the
1028. T. antity of hydrogen.1032 is controlled. by hyd n valve
TRt o s i S St B R R s o e
theeseryhn thxerasontl Ere g0 26 Gariack oW a2 dtonendtons O ditiresutH $ebustagh first orifice

Inlgs 4 0d: Jnside Leacns e $6 turrdnieaciah At e MaYALYGbinea

1022 flows through catalyst bed 1060 where it reacts. As 20 recycled
résteadIretisd predurh it Sordn U 2o reBAEs v Sten GH tard Hy e ryifice 1008,
hgdf@&@&?@&;@&&%a&%ﬁmmy SahTe:0unof Sy téﬁffmrﬂeimqum@ﬁ first mixer
the to reactor 1040. Gase 45 are removed from reactor
R SRR B eI T PR o SR ST e et
fremcondactorr 140 IO UGk arificetd Oﬁmér@gmtrtﬂfédmomnﬁ@@haehy@i@m valve
Thie,prassuisatexcass bdiaenAnddianend BYdeAIRR GA3RRL Re: oure

are 25 monitored at pressure controller”1050 which is above catalyst be

1682 mhBopieisiereasioigdidsTroRg Tsadaiblss b d dasiderepssor 1040, recycled
PressiiS rouesHee/Eontaler 50wl siengh hydnageroyale030d@s. As

o e
sigsak 10041 ditag emvadve dRSH: torincrd agethdaanaotietiof hfdragenl Mo Gases 1045
' 0 i t t
e R AR e e g 0
thatrurgfoettFamifierstol 404 Heraghisreiit 1d wvotovisd Silitvelamied 1070,
product %ﬂ?&e‘é&ﬁi‘é@@&%a’%@%@?%@ﬁ'&5@@@:@%‘;@%&%&%&??5@&@%5, are

1144, and recycled reacted product 1156 which exits secon s&lit area

1 PAHiFSEGH B F U AOBRIES 19 VRERyE RS Yo SR pPEHGEPY 1 Batg pressure of
pumpediy ouewieoycle pringl kLo Orheloremixing wvithdieshiEediliGdzhal o

atg}irrcf\srgggrlzjtva (%4 6'9(} ‘90' decrease the amount of hydrogen to mixer 1020, If the pressure of
gases 1045 drops below the desired gas pressure, pressurs controlier 1050 will signal to
hydrogen valve 1030 to increase the amount of hydrogen into mixer 1020,

Reacted product 1046 exits reactor 1040 through reactor outlet 1044, Reacted
product 1046 flows into second split area 1140 through fourth orifice 1142 where it is split
into two flows, split reacted product 1152, which exits second split area 1140 through fifth
orifice 1144, and recycled reacted product 1156 which exits second split area 1140 through
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FIG. 8 shows a schematic for an up flow reactor system, generally
designated by the numeral 1200 where the quantity of liquid in the reactor
is controlled by the level of the 5 liquid in the reactor. Fresh feed stock
1202 flows into first split area 1210 through first orifice 1204. Recycled

r@mﬁm@dm.lﬁé@mm&aﬁmﬁs&m orifice ]g&aﬁealrﬁi@éhgn caph m’h ﬁnphueo
recycled.reacted product and feed.1212, exits first split area 1210 throug

thi r%%lg%yb%%%ﬁég@éé&f@%@&éﬁ% lﬁiﬁduct and feed 1212 then
enters Wisel $220s tudeghdr Sonixer ivel 224 whees jseaiipirechwitid by the

h ' ixer. 20t ixerinlet
R L D
1bgnd Reby sregtore durst srodirairé &eiiiptre detn ABDPEiRESHIXER thepgeh first

thyemia poixer euiel 228 AN JRwS I HeaeRilA0iaHah regetainlet
1242. Inside reailctor 1240, recycled reacted product/feed/hydrogen 1222

ISHRPHAFO GG CatdRAi e e 12 Tda Rt K55 SRU LR A difoueh third

predicet! E8d/Oyeisgenri@2ddeants;dhyrdiogemd &sandll 1 5Hig et mixer 1220
hydrocarbon gases come, out.of solution and accymulate at :
¥h1‘ uﬁgoi?l‘ Sr er If?]}l%%% %éf‘: [ % ESCOHL}.meeg W%B(?l%(? Qe ﬁt%glj @%ﬁ enters mixer

the to eactor ases’1l are remove reac
thr&iihrrast encordiouxepunct TRES r dibearaiich (asew ean 52 5Pdy epnbedgd by

frapRRactafid2AG threugRiRACR L2 44 IR GPREOISE DyervebValNe hAE0 1 226
The level of the liquid recycled reacted product/feed/hydrogen 1222 is

mOFANSRETHAET SBHEN A A SRS IBEUrGFRieh [ A R0B Ly P B 1266, fpside
thedavel pidiquigdecyeiedd paciact/ fpradivetdeadinydogendRdagiicastyst bed 1260
abgve the desired liquid level, level co ller 1250 will,.signal. to, hydrogen
e e R B o anc
oﬁi@ﬂ@#é@?@@@b@mg@&p&@%cﬂw@dﬂwmgémmz gropschatgiatghagthe top of
desired iskid lexel (lemel controlier a0l sional fa lydrogenvalve . 1247 The

1230 to decrease the amount of hydrogen 25 into mixer 1220. Reacted
proti Do Eass rda ST ppaTeth sty Fieins thr Outieneb Aiire 4248 ds contrelled by
preguetit246-fows into second split area 1240 through fourth orifice 1242

where it js split .info two flaws, split reacted produyct 1252, which exits .
ool SE Y O RO B e e, e i ogomiored a
priodtictoi86Bewich ekith sedund sghitatéadl B4 tHiougl 80 shttiuat ifiegcled reacted
1 d4roduct 1356 | ( le .
e S AT UL, 1R BRI 1250 v
shbspal doduiepast & #bie dR AT FIBwr rascisr Bpstah D JeRmZan e auRm A byf the level

ther nuimeral dtA0:-uhereihn castityeblignithin thegeagtar incanteleduid level,
by the pressuijre of the ié}ga,ses in the reactor. Fresh feed stock 1402 flows
intS it SPRPREETe L Y AT FBRigh HISIOSARCR TS TA0AC RESERTR Bhrdirquay of hydrogen

praguetidd 56 ows into second orifice 1406 and the combined

Reacted product 1246 exits reactor 1240 through reactor outiet 1244, Reacted
product 1246 flows into second split area 1240 through fourth orifice 1242 where it is split
mto two flows, spiit reacted product 1252, which exits second split area 1340 through fifth
orifice 1344, and recycled reacted product 1256 which exits second split arsa 1340 through
sixth orifice 1346. Recycled reacted product 1356 is pumped through recycle pump 1360
before mixing with 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 liguid in the reactor is conirolied 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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recycled reacted product and feed, 1412, exits first split area 1410 through
third orifice 1408. Combined recycled reacted product and feed 1412 then
enters mixer 1420 through first mixer inlet 1424 where it is combined with
hydrogen 1432, which enters mixer 1420 through 5 second mixer inlet

1428, Rheyavantiyaf fpdgessd 43245150 abiiathhsidtythogen YRl @mbined
1430. Recycled reactedprodyct/feed/hydrogen.1422 exits mixer. 142Q

T TR T Dt A et Eo it 40 TAIS RS R oriice 1405,
ifletbit4? rénpitte resmtdmtddiB] red\feted 4idaittecEpiod nutife éd2yiirogenfirst mixer

12 flows, Hurouab satalysh Bed 1980 Jhera it (8A0LSASs IBRLEIEH) through
reacted product/feed/hydrogen 1422 reacts, hg:drogen gas and light end

hpaRSEavish P GRS, Beasiariay Qiom BliftRsmEplips by viipaen aatve

thaopreffeastafdd4Qriaasesdridairasen emovetsitareraactohd A48 mixer outlet
through reactor orifice 144

T t whi 44 d
e e e A 8PP 08, S e et
Thecpé ssuetfekbedsobydidfe flandttighierdiamsd reddriidnvgeses, reacts. As
PR G B AR S
pEsE, A brEvd @t Gl 6P HE B0 AN [asRyral A do fanol appelaad §o Gases 1445

deereass the-amauai R bydiearpio-AxebAA01 ditherRiessl ke Pli BasRS: 1445
1445 drops below the desired gas pressure, %r,essure controller 1450 will

STYRAFHE VY IR ATRGRR 10 SB B BrESE 1hé BBt 6P Ry didy eAtns* 70
mixer 1420 pReactast ptochd tlydddorexitbligacior ivdo-thvon ghseeacias, are

oytlct 1, Reacted 20 prodvgt 1446 flows it %%f%?ge%pi”i@?eﬁ 2 4 esaure of
throug ourtn oririce where iY%VIS Spﬁt Into two HOWS, Sp It reac eg
proderct 455 Benvdichedkitdesaco irdsgplisreap 1540 tleroingh €iflid 50 ifidesignal to

1944030586y ¢ e tgactedhLRauel,Lros Wil 6XitS RRCPRE8PIIk 88 ressure of
1540 tﬁrough sixth orifice 1546. Recycled reacted product 1556 is

pERs Rt BiTER YRS A BE0TBEHS e HTRIGT GHOV Al feB v fheignal to
afisbanlivatea 4W1Q. iBb ks thkshow e thsehamatitSariaee oupn flow

two-reactor tem, generally. designate the.numeral 1 ere th
gt ihogh i St e R
regotbict BédsHitead stosk &80 fliows: inté(fiisosplitfomsh 484G thrélghdiest is split
ot . . -

R S R S ] o st
firstEptit afbornS 18y TRiksLKgRCHR a3 st YE0H eomiskiad pakyarey 1 540 through

reagied:preduciand-ieettd &hdither-amers st pukped 820u dhrebahicfisstny 1560
mijxer inlet ’1824‘Where|i%[ is combingzq Wié?éh dr ](Len 1832, which enters
fir B PR PRP PEBH th PTG H S8 T Fnikets ?{*@% $he quantity of

hydrogeRii832 ssccaniraliethinye first Bydrofjen wadvek830yRaeeygtedrally designated

S N A RO s
the liquid in the reactor. Fresh feed stock 1802 flows into first split area 1810 through first
orifice 1804. Recycled reacted product 1956 flows into second orifice 1806 and the
combined recycled reacted product and feed 18172, exits first split area 1810 through third
orifice 1808. Combined recycled reacted product and feed 1812 then enters first mixer 1820
through first mixer inlet 1824 where it is combined with hydrogen 1832, which enters first
mixer 1820 through second mixer inlet 1828. The quantity of hydrogen 1832 is controlled by
first hydrogen valve 1830, Recycled reacted product/feed/hydrogen 1822 exits first mixer
1820 through first mixer outlet 1826 and flows into first reactor 1840 through first reactor
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inlet 1842. Inside first reactor 1840, recycled reacted
product/feed/hydrogen 1822 flows through first catalyst bed 1860 where it
reacts. As recycled reacted product/feed/hydrogen 1822 reacts, first
catalyst bed hydrogen gas and light end hydrocarbon gases, 1845, may

come ot ghsiahnnendoaceum b&@i@l&é if@t@fp@é&ﬂ@?%ﬂ@iﬁr&%@l $Ariows

ta ses 5 4 e removed 1rom 1irs actor rau
B A e D R T e i e B rosen
arg temoteliriteatdiyst rehbiordBd @ahrod distirstd éadtocabuficRb84IB4S, may
copiralied v et vent yale 1829: 4,06, é%ﬁ% the liguidrecycled fe %SI%Q& gases

product/feed/hydrogen 1822 is monitored at first level controller 18

whithers epsvsdifsre duslysepen ! fa8 trmgteliavaratageidian ey clag rate at

r%ﬁ@@@f@&@gﬂi%@/@g@g%w 8 22ises pbove ihedesinaddiuichigv@ls: reactor
flr level ontroller ggﬁﬁ?'” s%%?al to first hydrogen valve 1830 to

cgslé“% S SHBIRNE FoyeH Y8 st ixer 1820. If the level of liquid
recycle@ﬂem«iﬂamdiqwdeewmd mgﬁmlﬁ@&dﬂ@zﬁfﬂgeﬂmweth&dé&mﬂmtored at

igtleuel, fishisveksniialler 8504 SRR Bl dOgen VB cuie

to decrease t eamount ydrogen Into fII’S'[ mixer

cEist B e saedicl/Serg /B fiestfdadisrs 1wy e dghriidicaddryel. first level

ouieloiB445 b kst calalye! Badiniadust 1845 MRy ainio-Sacond Mgk $88Rirosen to
through third mixer inlet 1884, where it is comblned with hgdr en 1892

WHR S EeTE e COY HITEPLEBBARTORI TATaT 2PRd 822 drops
qblﬂﬂ‘t\ttmeﬁﬁyfm)@@ﬁcﬂﬁ% Igeonirel l&ﬁ@lﬁﬁ&@ﬁ[ﬂwﬁ%@gﬁﬁo ekt @ dBOgkn valve

8saloctatg st be%grod ”{%Qé%' erénll£131 3 XtItS sec?%mlxer 1880 through

2 secon TRer outle fiows |n 0 SECond réactor 1900 through
secondFesicteriyitbed QORI SiBkO sede st eerstior 1900t Hipsebdtelysetierioutlst

pigauathydrogen J882 fipws HPHON: s860dcatalys! P@ﬂah%%ggﬂ%ﬁ;g Bhixer inlet

reacts. As first cataléﬁ:[ bed product/hydrogen 1882 reacts, second

cAb8h St hsahihoy TR A Ry T BT §aasms Tuts ARS) through
C@ﬂiﬂtﬁﬂh@f iBRIULERY amﬂea@ﬁumu Isteakdbentopoofisesarslicgastesch®Bydrogen

on t bed a e 19 5 ere gd from se ondr
GO0t CheB LSBT AL F00 T SRR 6 R Crone
ca@aw@txberdrgaﬁes Iﬁgéwﬁwm@tmwmimgawnwﬂ@ahmugmmmms@m iniet

S d f
|e%%@u%f%ﬁiéﬁ%?tﬁé%‘%%@%@é“@rﬁ%ﬁ?ﬁ?ﬁ%@%%%%@%&‘%\é?ﬁ?&Q?ﬂmgh

sEBGH fetaYstbritrbl ‘{[]9% WATRSis SR PhrARRCEB gD 1§82 reacts,
t%d@ﬂ@b&ﬁﬁ@%@@%%%MQ@B@HM?@%@&@%agés@ﬁ)@b@ﬁ/@y%» out of

des;l% liquid level, secorﬁﬁlevel controller 1910 will signal to second

hy PO RIS BB S & AR RS AR f R r SEETP o R ASh A Basps 1905
1880eththedével efdist mt@day&@bedlmﬁ@wﬁébyd tegeo: bBS20rops lowie at

thhvea 1&5!5%%911'?‘19 'é%%vg“%d ;%é%ﬂ%% ?&H&%‘a‘eﬁ A9 """é 3l9nal 1,56 Ehéough second
yarogen valv ecrease t e amount O rogen Into secon
migayiorggdice 1907 is controlled by second vent valve 1930
The level of the first catalyst bed product/hydrogen 1882 is monitored at second level
controller 1910 which is above second catalyst bed 1920, If the level of first catalyst bed
product/ydrogen 1882 rises above the desired liquid level, second level controller 1910 will
signal to second hydrogen valve 1890 to increase the amount of hydrogen to second mixer
1880. If the level of first catalyst bed product/hydrogen 1882 drops below the desired liquid
level, second level controller 1910 will signal to second hydrogen valve 1890 to decreass the

amoumt of hydrogen into second mixer 1880.

20



10

i3

20

36

20 Reacted product 1906 exits second reactor 1900 through second

reactor outlet 1904. Reacted product 1906 flows into second split area

1940 through fourth orifice 1942 where it is split into two flows, split

reacted product 1952, which exits second split area 1940 through fifth

orifice Redetcipbdecyiied eeactenhpt ochutir 1958 thivckhaecitssacacdrspiitet 1904,

NER Oé%(%h ghsRnINGE A2 s 6%»% %8&%9&9 c%\fﬁ]?? {s%’é#(ffe%éeg@@i%here it

pumped throug ecycle pump 1 efore mixing d 1802

as fiptit BtitepcioreIpliFraced BSHA osehuineienst wupwrplioarea 1940 through
tenTSRcion SYstem gsRealy.cesignatrd: Systhe:nn eekal 2000 winaredhe40

C}'}’f ntity of I|qU|d in_the reactor is controlled_ by the ressure of the ases

ReshesieforrdREsh 18 SRR DEBY HowRIPh @@}F%\?S%t?’@i‘@ recycle pump

tﬁ]ﬁﬁu@hffﬂfsmik%gmﬂﬂe%ﬁ&daewelmmdammm 2156 flows into
Second}ﬁ&fl?e %O%% grsc %}2%%0?1 binae eﬁ:g CI%’V reac%% §E”s§ dUCte%Qr 1 %%signated

2012 exits first spli rough orif
rey fieteurenstedlp rouethnariagl 20 hmﬁen Bareeshirss ﬁm@pﬁz@ﬁw the pressure

thronob. frstmixeLipigt %Q%&l\féeered&@mm@%wﬂ%&\sgmm 308 %4hrough first

which enters flrst mlxer 2020 through second mixer inlet 2028. The

oty Wrn oGk 288 Bt B s presaRrb gRHcsA0ROH e
Reeysied fe@eteﬂi piedoeHiaes hydregem 20 2 exitst fipst: mbero aﬁagough third

thro t r.outlet 202 andfow5| o fir 040
FRSCIRAAAT Wt 0% SIS R AEIAY 080 o e PR oo s 2020
produgh/ fesidthyelroder? 20PRHows ithoothghefi reitbdtedysgdnctd 20 60hiwh engeis first

rme DSIECYS Oé%%é&ﬂﬁ%ﬂ@@ﬂfé’&ﬁ@%d‘ﬂ}’é’&%&%ﬂy%gz&cﬁ%%%szdgﬂs controlied by

catalyst bed hydrogen gas and light end hydrocarbon gdses, 204

BB s L] ﬁé?r R vteliptgkrsrdneils SEPEIRY %@dﬁm mixer
Firstocatalyst bRe:ensesu294D R anenorad:h am: stieatins 2040Eeeihcior

firstr or_orifice 2047. Th eat ich gases 2045 are re oved fro

f'§{ gﬁg%o é@%ﬁ?&ﬁ&%ﬁé?‘f%&%%’% ifice 64’*?"?@‘ é% ?gl‘?é‘g]%%‘?’hrgﬁzraows
vénrbweivies2 0a481 vi e ) PSS url «of ems fﬁstreaﬁaﬂg&tdaettmyﬂmgmfmeanﬁﬁydro gen

I fi

IS AR R AR R IR RIS o, o

fi m@tﬁt$M%§& azeweq&ietéetébem tHlaB sty 3§4|Qre’§§§ireatﬁk§tt bed gases
PrRESULE 6aBYQlle62090ilksignaliafinaLvHoasRvalYE 203040 The rate at

decrease the amount of hydrogen to first mixer 2020. If the pressure of
PRI BET GEesT St B L DEIBUPES e SR A prasi i fre 047 is

pressulecontiaiarRObOwillsgnal to first hydrogen valve 2030 to

increas 30 the amaunt of dro n rs mlxer 2020 Flr catalys

bed pro uctp D048 exits first %ac‘f%reg I‘% ﬁ fi ra?%ga or o&ll}( Gfoéz/ad%l%l gases
FitgtLatalpeniienprbBUc pReaE flows tHe gé%bw@nmmbms@mmgmmd 2060, If
Wﬁ@ﬁf&&&@&%&%ﬁéﬁ& tfe&%&rl@d nedWbNYARAED 72 WANIGHL SRS First pressure

second mixer 2080 throug
controlier 2056 will signal to ﬁfs’c hydrogen valve 2030 fo decrease the amount of hydrogern

to first mixer 2020, If the pressure of first cataiyst bed gases 2045 drops below the desired
gas pressure, first pressure controller 2050 will signal to first hydrogen valve 2030 to increase
the amount of hydrogen into first mixer 2020,

First catalyst bed product 2046 exits first reactor 2040 through first reactor outlet
2044, First catalyst bed product 2046 flows into second mixer 2080 through third mixer mnlet
2084 where 1t is combined with hydrogen 2092, which enters second mixer 2080 through
fourth mixer inlet 2088, The quantity of hydrogen 2092 is controlled by second hydrogen
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fourth mixer inlet 2088. The quantity of hydrogen 2092 is controlled by
second hydrogen 21 valve 2090. First catalyst bed product/hydrogen 2082
exits second mixer 2080 through second mixer outlet 2086 and flows into
second reactor 2100 through second reactor inlet 2102. Inside second

re@@@;@@?@lﬁm%bﬁ@t@g%aQﬁmﬁéﬂgy&y%&ﬁigagexmaé’cﬂmt X i&taioz{md through
secongd catalys whnere It reacts, AS 1II's alyst be )
R R ES R AN s SRS
lighiZe ridshipdrecartbeacgasH 9@ 16 nayyvedmeé nutioft/ sedubigen b flows through

I reactor210 t bed ga
I i 00 RN AR ORI reacs,
offfeaderaHysT hed daydragenare ibigh endlairscnbanyzases 2200 5rapecome out of
remyat.foR-eaa0Rnd seactanakQ hronahseeand Jeaetor Aliee,2d 94:i8 2105

controlled by second vent valve 2130. 10 The pressure of excess second

CAR R Et TR SRR R IRG 1t BN TR SRRSO GO ™65 e The rate af
nwitidiosedhad seebRtbpiossase puhire ten@it0mwinicbeisdbayeose oM through second
calalystbed. 2160, 11 the pressure o seeond.calalyst bed gases 2105

rises above the desweélgas prgssure, second pressure controller 2110

will signBitaarsentndivrarsperosivat?ngbad ebressani dghhsodhydfocarbon gases

hygioaan{enteranst Babuk 2080 theRiRssure) Afecand catalehRe S atyst bed

gases 2105 15 drops below the desired gas pressure, second pressure
c

ShEtbIE LSS S RRLRst SARBAE PR B VaRRe st A e s B ressure,

amesid RERY egeroiin5ecaridl Bxer 208 aactectpRAkICEBI0G axitsase the
second.reactor 2100 through sec%rat r or outlet 2104. R actid
pli

oFSRRTEE 51 DBTRGRE ThisSEE SR Bt Sreh BT BT R LT TSORtHCBrRES o ggses 2105
wikeps helm&tdmbd@\wil'pwampl H@a&@sm@a&ﬂ@lﬁ@?w@i chilbsigsal to second
S§G e%p&gi%%g?e%%are%ygﬁxgMﬂﬁ%ﬁ&%%é&ﬁ@g&%ﬁm%;%%@d

product 2156 which exits second split area through sixth orifice

2146. REERFEPFRdtbd BroRiEts2a0ss rsptamp el fireughsrsepéreqsipn putiet 2104,
2 ﬁ@:@&ﬁ@f&ﬁiﬂéﬁ?@mg@flﬂﬁiﬂmﬁhf Is‘a@&ql@ 807 atfirstaspiit @@9@9&% ofifze 3242 where it
shows a schematic for an u w two-reactor tem, gener . B
QAT B9 08 T S S0 RS i U R o Py troush
is ictintndfled2by4hendevely ab st ted iguitiinthis rehctoex s estofecg Stacie 2140

2 into.first spli h fi ifice 2204, led

el TSR R Gl L) ST B R ovctc pums

re{RidirsaniEdngrodh drandoreet) 92 atXieskiss irates @it iarea 2210 through
third orifige 2208 Fombinedsesycledireasiod/pradust ang-feed 222 thelnated

enters first mixer 2220 through first mixer inlet 2224 where it is combined

with By AvERER| 2299 WRFTE B AHETrSf S6MAIRR DS IRT D BUGH TSRy the level of
mikefinliet ;2 22 8peiiterq Fasdityeof bydrapen 2232 iscarreecziy firsd through first
hydroge Ive 2230. Recycled reas oduct/feed/hydragen 2 exits

b iyt S mli s e R b e

2 2tnthmoditpy et saeiest product and feed 2212 exits first split avea 2210 through third

orifice 2208. Combined recycled reacted product and feed 2212 then enters first mixer 2220
through first mixer inlet 2224 where it is combined with hydrogen 2232, which enters first
mixer 2220 through second mixer inlet 2228. The guantity of hydrogen 2232 is controlied by
first hiydrogen valve 2230. Recycled reacted product/feed/hydrogen 2222 exits first mixer
2220 through first mixer outlet 2226 and flows into first reactor 2240 through first reactor
inlet 2242, Inside first reactor 2240, recycled reacted product/feed/hydrogen 2222 flows
through first catalyst ‘bed 2260 where it reacts. As recycled reacted product/feed/hydrogen
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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 22 2222 reacts, first
catalyst bed hydrogen gas and light end hydrocarbon gases 2245 may
comeeaist, OfrsalutibnRtand Retvolgie Aiitightomdhydaetmba? 4tk 2345 may come

talyst bed 224 f I tor 22 h h fi
B DR B o rerat G RGP e B A S SRR E3hs e
removelifooniifitstacmc 42 Meshdirgtrfheoreadior SHticekpagestg/hich first
GanpQl %Qa%é%@i@%@éﬁ%@g Bohedensl el B quichimoyaiadsaciedice 2247

product/feed/hydrogen 2222 is monitored at first level controller 2250
vihieRtielie SRSy er s Fed-2260. If the level of liquid recycled

reactedrpeqekis téiead fiydmagernRa 22 sise srabosrdbbiddsied lopiddenaljtored at
first level controller.2250 will.signal to first hyd lve.2230 t .
TR R R D Aot B frap i BrET FrEEIR orrauic
ligictirdoyatinl rradtetdfprdBindtieadByirsgeabp theldspied Bimid dheel, first level
siggdiquichlevel; frst 48‘5&&&%%%%%%%%%6%%&%&%@ DYEER08 hydrogen to

valve 2230 to decrease the amou HJ§fydrogen into first mixer 2220.

Fivst earanySRhedf Hhe drTet o DU BHETRS Yired reactest roder tipatigpdrecreactbAoPs
0}%51@\% E}%ﬁi@gfd&%cﬁﬁ@?@ﬁllé@bﬂ%tﬁiﬁgh%h&aﬁ@ QQB\(SWEIIﬁ,b_' Q@@@Mi@h v PERA80 valve
throu Ird mixer inlet whnere IL IS cambDpli wit ydrogen
R R P SR T e e et 9268,

The qu&itityaflsydredpro@29 2 ddccents dited dag se 2d#dl thyehgigerst valver outlet

2529& FE‘{I%E 8&%%}%5 &%{%ﬁ&%ﬁ#ﬁ %@%@&S%mﬂuﬁ%oo mixer inlet

through seco ows Into second reactor

tRASYghhsech icpadtRsaimist IpBomemaide sdushaeEaEreRsoox e dL80 through
Calahrsthed Rieduckhysio q&&@%ﬁ% é‘g&g%&ﬂ@mgébﬁ%ﬂwlﬁaéé&uﬁ& Rogkogen
St be

2320 where it reacts. As first cata product/hydrogen 2282 reacts,
sgeiaﬁ&@éﬁﬁ}gﬁtﬁ@%ﬁ%@%&g@ﬁaﬂﬁsﬁ%% FYSrRSEaPO TR A S L ey et
Mayoed mexeusiefsitt andahthacaimitaie etthe epofseqinstteattesctor inlet

2 ecqond catalyst be 3 re remoyed.from se actor
S a3 a S T e o (B
catabyst dedygalswis2230 5/ bete iernee dirdisiseidne redorodralorineethli? reacts,

secaid Zaisasior wﬁisge%?%%z Aﬁ&@gﬁ{%ﬂ@ﬂﬁﬁ&%ﬁﬁﬂ%&%@@@%ﬁé&m out of

The level of the first catalyst bed product/hydrogen 2282 is monitored at

SR USRS 2 PO A KEEVAS SO Tefay ARl DRpRaFes 2305

thedevebotdirsdsatalust -bedihyesodenRl820dse saboyerthie«dssiredlie itk at
level, second level controller Q will signal to second hydr e
I EPEACIEL EHGERT o AT T L oEn T 20 S et sosond
I_embm&ﬁmﬁﬁmla[y?sistwdtmﬁﬂmym:dg@mm dedps below the desired
liquid 'gg%é’ 1%9_&0&%&14%6%%&&5%%@83&%@#@@93&9%&@9@&9@meoom Jevel

valve 2 to increase t
confrolier 2310 which is above second cafalyst bed 2320, If the level of first catalyst

bed/hydrogen 2282 rises above the desired liquid level, second level controlier 2310 will
signal to second hydrogen valve 2290 to increase the amount of hydrogen to second mixer
2280. If the level of first catalyst bed product/hydrogen 2282 drops below the desired liquid
level, second ievel controller 2310 will signal to second hydrogen valve 2290 to increase the
amount of hydrogen into second mixer 2280

Reacted product 2306 exits second reactor 2300 through second reactor outlet 2304,

Reacted product 2306 flows into second split area 2340 through fourth orifice 2342 where it
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amount of hydrogen into second mixer 2280. Reacted product 2306 exits
second reactor 2300 through second reactor outlet 2304. Reacted

product 2306 flows into second split area 2340 through fourth orifice 2342
where it 23 is split into two flows, split reacted product 2352, which exits
seephidispivarBev@3githeaughpfiftinodfite, 33dd; ar seayelegiieaeiedb40 through

hich exi cond split ar 40 .through sixth orifice
R P s S i e
2880 Hefonk ehifineg with ReetsifsbgRsgrudia?Spitiamapsl trSifi@cy@e pump

sy aRehamalic for AR dlovs dwo- ieadiksysieny; generally
designated by the numeral 2400 where, the quantity of liquid in the reactor

is controtied By ARESr EREREH G hE JRITH IR ARt oY SiEre SR s fiselenated
2024 immseinto 0 haplit areauadl) tMoughifirste artiee R404rRRAYSIEE: pressure

reagt £ 2506 flows into seco ifice 2406 and the comhin
e e S e S S el s i
tRTce B4 i G248, renstrbhvedus épdfelioeattetsproduct Ao fecaad 12

thsmiantersdSEamxRlA420hdlr ' xerqnl it :
combined WC%{'] hydro%er%%diaz, %&ééﬁé’ig %{sf? %ﬁgﬁﬁ%ﬁﬁgﬁgﬁg ough third

sHeorftiifike SOV GRESHRR PR i h R LUE2 ibwomtiendisynixer 2420
f'rﬂgbh]gﬂ Eﬁ@ﬁﬁiﬂﬁl‘iﬂfgéﬁm R%ﬁ?_éqlﬁd é@i@ﬁiﬁ%ﬁﬁ%ﬁ%‘éﬂfﬁ% Iﬂ@ﬁ?%ﬁ?ﬁ%ﬁ first
exits 1l er throu Ir r Qutlet ows Into first
A L AL e A0 TNGIS STt dgpoled by
ré@%@@gmt@&p%ﬁ@c%&e@m@mw%ﬁmmmm edtalyst mixer
behe 460 where ﬁ.{f&ﬁ@é%ﬁ%Leﬁoa%@ﬁ%df%a%ggéﬁeﬁ%ﬁa%gggﬁm reactor

2422 reacts, first catalyst bed hydrogen gas and light end hydroc
gRAE Y S BohieaRR B iSoTatied epaicéurindimdienddadiaganf 322 flows

reaoipndddQabiss: 6alalyst Rar03sRa244bs AQ RMAVRE romliEstieaniRtogen

251%2 throyg first ﬁggacﬁ%g\(;&gce 2447, The rate at which first 20 catalyst

betf GaeEE A A R TETH ARSEPE A PAA0THREBBPPRIFetip ey come
ovifios 2diTorisiwdAtratedabyafitst vent atve 2470 JThe (ressiael of ©¥6e88es 2445
fi t [ anghlight end.hydrocarbo. 445, are ..
o o o S ABEu S hre ecbulien &=
2%t ysfrapbgaresstte o fiestuvathior o tases 244(bthisegtafioyectatr orifice 2447

desired JRs presstvendirst,22 prgssure controller 2450 will signal to first
hydrogen valve 2430, to decrease the amount of hydrogen to first mixer

2420. If tREPFEREH R BHImsEataRabBrg Bl s/ md fighs d bvftaeatbon gases,
desiredigasophesaliefifiigirprass i eonir ole 0 2ABEh A hisignato Jistyst bed 2460,

hydrogen valve.2430 to, increase the amount of hydrogen into first mixer _
e R e R o R S S bt
rEsRES OLAT @R 2444 Vil stataly St dpidpredueti24 26 Fows dnteasetenthount of
Mi¥EF248R Weual hird minah Netsure of first catalyst bed gases 2445 drops below the

desived gas pressurs, first pressure controller 2450 will signal to first hydrogen vaive 2430 to
increase the amount of hydrogen into first mixer 2420.

First catalyst bed product 2446 exits first reactor 2440 through first reactor outiet
2444, First catalyst bed product 2446 flows info second mixer 2480 through third mixer inlet
2484 whers 1t is combined with hydrogen 2492, which enters second mixer 2480 through
fourth mixer inlet 2488. The quantity of hydrogen 2492 is controlled by second hydro gen
vaive 2490, First catalyst bed product/hydrogen 2482 exits second mixer 2480 through

second.nﬁxer outlet 2486 and flows into second reactor 2500 through second reactor inlet
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2484 where it is combined with hydrogen 2492, which enters second

mixer 2480 through fourth mixer inlet 2488. The quantity of hydrogen

2492 is controlled by second hydrogen valve 2490. First catalyst bed
product/hydrogen 2482 exits second mixer 2480 through second. mixer

Astet 2486 asabflbyesciot® Sediret atatyer RGO dimciighingen 3042 Aotey through
inlet 24 2502 Insi ond.reactor fi !

R S R e e pyiropen 24p2 o,

reesors! geptisthedthiysedsacpsr eud SEh nbBET SASTOREIEES 2 Hicay come out of
cairlyst RefRydregen 9as A igbl LR AYRHODRIBOBBRAKESLR0R PB@Y¥ases 2505

come out of solution and accumulate at the top of second, reactor 2%00

SERETRCLE AR B AL T30 S R FB RSB T SR e A et 25t
thviig Besendpaaigaciod gaifice B0 Thevatefatmwbichdseednd Xdtatystngh second
bed gases.250p are removed.from second reactor.2500 through second

ré%laccggif o .%%*58% icsogoﬂi{r% Ig}cfj SS?,"?SJ&%%V\?&%‘{,%@% 2530. The pressure

of exceSheprsndesitalysttrsdonidasgart bediigie sndnd Hebt ar didsaelon gases,
2505, arenanied al3esndRressriRsanimlarded & which ds.aRevRatyst bed

second catalyst bed 10 2520. If the pressure of second catalyst bed gases

250 riSeSapERIIhel JeRard F YRy Preckeriss LRLOTEFHPRCL fReEHtTligps prossure,
25dnaifl-eisnaldsnacnenth hyergosmyely e:2420Hpitheerease:thed (am Getrtase the
of hydr second mixer 2480.,lf the. pressure of second catalyst bed _
e e e
cantpelteiR6te datisidpead poeserordedyiragenveaivedie 0 3t0indFeageat e second

aw&gﬁd&%@wﬂm&é@g&ﬁg mixer248Q i Reacied pedust 2508,

exits second reactor 2500 through second reactor outlet 2504. Reacted

product BEHEABInAte ot SpRareacts A5 R STRISIGErER S FrCE DB 2504,

WR@ﬁ@tjE ;iﬁlo%@kit 'ﬂsté%t%&f QNYS ﬁéﬂﬁd@;ﬁﬁt@%@fﬂ@d@l %ﬁ@@?fd&fﬂiélﬁr@d&%z whers it
second split area 2540 throu ifth orifj 544, and recycled reacte
SR B SRR PR oo A TG SRR 2540 trough

orificé
2546 Récydddireadtedypratiwet @8 5toimpifipedtinioegh recynicpiirmp2th40

2%%1%%@15{%{3%&9 W‘i%fggg&éfle%qga%%% ﬁlo%ﬁﬁ,tt 28 % %%ﬁ%édothﬁ%h}%cycie pump

shows™a schematic for a down flow multi-bed reactor S?I/stem, generally

desighbetuesyitiesvitidraiioBod e I guisaey Htifuid in the reactor

is controtigd by thewievekekiie fauidintheseastor Jereshdiees siask=28041y
flows into first split area 28%231 through first orifi%e 2804, ec%%ed reacted
|

proRErSst BT Setbha e SE08 Rt D8 HaCOIHIE 1 EgRiided by the

reasted predusianditeechcR81 Frexitk i stosplil e A8 li0tthfieu gl thirek 2810

orifice 2808. Combi r cled reacted prad c} . feed 2812 th . 2906 and
o PR TS0 ot et T 240 MAGEAD Eocbpiie 2306 an
withelypdrbigeh 288 2edvbicie@ntedy it Mide 2B B2 Gtircugrrieicont 2hikehr ough third

orifice 2828 TheQuantity ok ydragen 283 isconitahed, by.frshibudtgener 2520

valve 2830. Recycled reacted product/feed/hydrogen 2822 exits first mixer
through first mixer inlet 2824 where it is combined with hydrogen 2832, which enters first

mixer 2820 through second mixer orifice 2828. The quantity of hydrogen 2832 1s controiled
by first hydrogen valve 2830. Recycled reacted product/feed/hydrogen 2822 exits first mixer
2820 through first mixer outlet 2826 and flows into reactor 2840 through reactor inlet 2842,
Inside reactor 2840, recycled reacted product/feed/hydrogen 2822 flows through first catalyst
bed 2860 where it reacts. As recycled reacted product/feed/hydrogen 2822 reacts, first
catalyst bed hydrogen gas and light end hydrocarbon gases 2845 may come out of solution

and accumulate at the top of reactor 2840, First catalyst bed gases 2845 are removed from
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30 2820 through first mixer outlet 2826 and flows into reactor 2840
through reactor inlet 2842. Inside reactor 2840, recycled reacted
product/feed/hydrogen 2822 flows through first catalyst bed 2860 where it
reacts. As recycled reacted product/feed/hydrogen 2822 reacts, first

@6&&'&15?; bediwdinges gastanctligbben Iydrecatomighses: 284541134 gases

eout of so on an ate t.the to of Jea § 40 Firs
)?5? Beé’&ﬂﬁ%é §3§t§@%%wuovoél§$r%rrﬁ[ B eh ator fg? tﬁsrgan%ﬁ t‘h g} by fixst
rmmlmlmfé)2847 The rate at which first catalyst bed gases 2845 are

remove&tf%%t@ﬁ&t@h%&ﬂ Jég{ QueR sk 8&@?&é@%&%ﬁ@n‘§&%¥ﬁllﬁ§tmd at
evel of theliqg

uid recycled reacted

st vent valve 287
pé/ﬁﬁ’ﬂlﬁimé@ﬂm’}’}&?@ééﬂ whish is v qambstted f808r domednurlgtiguid

whichids abeve ;Bkr&itfa@@@@hﬁﬁg 28662 Hdbe levrkahdiquitetanysiedvel, first level
reacted product/ ed/h

22 the d dl
R SO O SL ST JGHARES HACtTr L ol Sras g o Hydrogen t
uﬁmemm:mnmme GJENWd fégeit tecirstimiaxsr?gRdnit/lredlbydiogbti@8id drops
r%c%%etg aF}sﬁle% 9‘11&&/ fie [%959%&?%22959 Rﬁﬁ%ﬁ%ﬁﬂ t@'ﬁr%%f? en valve

I|qU|d léve contro 850 will signal to first hydrogen
280 to @@é@é@éﬁﬁ@%@@ﬁ@%@&é@iﬁé%ﬂ 2820. First catalyst

bed progugt 284aflowsiniaseeendmixer2880ih &aueb 1hielRebker, el mixer
2884 where. it is combined with hyd rogen 2 Qﬁ».&’\% enters se gé]lgﬁr 2880

iR BBA RO G RIUFRF TS P AT
2&9&1@1@6&&&9&%&3}&1&%8@ myd agent v aliey28@6n ER% catalysilbédy second

g%ogtijc” hyd 88§2 X8 1Sye«9§ B&%E(Ef@eggﬁz%%“&{tss&%%&' MXERs80

OWS roug secon cata ere it reacts.

Aeafmtcmygmegr pm@uam@mé@we@s@mr@é@@%%‘wé@%%%am it
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solution and accumulate at the top of second catalyst bed 2920. Second

cansyiahh v GAERT 0B ST SR VB DG S OTTL R GF Biate 8t the top of
296onkheripte taéd/mlem speontlaalslshed-gasess200 feare se moved second

from 20 throu actor orifice 2 07 [ trolled cond vent

A G PR S e o A e P e oS Aty fom
is imonmifosechat rsenmm‘ﬂﬁveﬂ%ﬁmmm@ﬂ}wh@emé m@velee%%frm

catalyst bed thtthfqtsxet&fét%tﬂt t@'éé&a?@ﬁﬁbf%@&%&{@%@t@%%ﬁ&% at

2882 rises above the desired liquid level, second level controller 2910 will

sigpremdleed spaRErGgeR W&Kﬂé i5 G0V EH SRR LS IS Dh SO off Sl Tevel of liquid

hyg[@%@ﬂﬁlﬁ@t%%@%@dﬂ&%@c@&% dktheileyebotdigidrekicataly sgdecond ievel

product ydr en,.2882 dr w.the de Id level, second IeveI
coRBREFY 1@ Wit §1§’fﬁ%lt?o 5@&%’ %n va%vetﬁé@ﬁ?%s{?ﬁ%é?e%%% he

arpoguoked twﬁﬁmgémm S&&fﬁ)nﬂmﬁ)&eve;wﬂﬁqﬂéﬁmewpﬁ@ddmﬁ@@ﬁlmegm
regggﬁrcgcms € ox%utgh &gm € {1815[1 H%x?e%‘lée‘:o%ﬁ%%@pcommﬂm 2910 will sigral to second
hydrogen valve 2890 to increase the amount of hydrogen into second mixer 288C.

Reacted product 2906 exits reactor 2840 through reactor outlet 2844, Reacted
product 2846 flows into second split area 2940 through fourth orifice 2942 where it 1s spht
into two flows, split reacted product 2952, which exits second split area 2940 through fifth
orifice 2944, and recycled reacted product 2956 which exits second split area 2940 through
sixth orifice 2646. Recycled reacted product 2856 is pumped through recycle pump 2960
before mixing with fresh feed 2802 at first split area 2810,
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product 2846 flows into second split area 2940 through fourth orifice 2942
where it is split 30 into two flows, split reacted product 2952, which exits
second split area 2940 through fifth orifice 2944, and recycled reacted
product 2956 which exits second split area 2940 through sixth orifice

2946. RegytiegsRacechRIRHUE2OREHS Wﬁﬂb&@@%ﬁ%{e@gmmuy
2960 before mixing with fresh feed 2802 at flrg&ﬁgﬁf a 2810. 26 FIG.

PELRSE BYSEREHRHE SY Y FORHT HEW RIS P gl BasBrlipe oy e
qyess;gnatadlb:ygﬂ@ee i thera360 Bmdhdbedbmjumﬂmﬂom Guticl firstisplitemet G010

#%'eﬁob%(}h%o@ieéée%&%lgéo%@(ﬁm%] Ehﬁgg gL ﬂ&%@éﬁ&gﬁggﬁoos and

ows into first split area |rst orifice 3004. Recycled

rémerdhme@mlrg eeﬁ@ﬁ%nm@eee%@aﬂnﬁéé%@w dwef spikiarea iR dapough third

regycleshigacistiprrdyet-and (eed.Spbduddin ffesh Spiibanea S04Q Heomal: 3020
third orifice 3008, Combined recx}/cled reacted product and fe Ift?’?s 3012 then

BREHFSFIRIREF 5890 it SIRSFEArLt FRRBPRSHSDRURRGH Tt RGBS o7t
wﬂﬁﬁmfbﬁgﬁeacwﬂehlmt@stma nﬁxerqa&aﬂymm@mgeneﬁmmnmued by

8. The nirolle dr
Igf %§ ecyc § reacete% pro uc# ydroc_:i%’a{1 %‘8%3 eX|ts F%?%%%?mer
1@303@@@ firsenuivdst iR e80 Aevariafiowasiond Mbdrsugpagctor inlet 3042,

threpghreacteninlel 3042 JNside FeRCor A0 SACIeer 688Gk rough first catalyst
product/feed/hydro en 3022 flows through first ca %st bed 3060 w ere it

r@&ét%ﬁéﬁmwéeaﬁea&éafﬁwa}ﬁ%ﬁfée PR & Sovdogs i 2freacts, first

caialyat harhiaresenoasiaiddlightisachbydRcailen@3ses; M MY solution
come out o Lésolut n and%accu (I)%e t the to of re ctor(:)%%n Flrs

JEF R aé%gre %358S 6’éam: oved froCiE eac REG55% roﬁrﬁﬁefns¥ed from

re-ammr ot enRAY fFfieaateratrifibickiirst et alys bhebicjales c3N51 e gases
repeved from reactor 2940 ey dh st ﬁfﬁﬂ%%ﬁ?%@ﬂ?@&%@wm vent

vent "valve 3070, The pressure of excéss first catalyst bed hydrogen and
liglbed@Hydrocarbon gases 3045 are monitored at first pressure

controllef3QpQ.which isabora E’%%%{@&@h?@ﬁéi@%d'ﬁ%@ dREINBEEAERN pases
of first catalyst bed agases 3045 rises a#'egt\é;eq éhe ple ired essure

firs
ST EORHOIRS B65Y WP grxgag BA0 v§ E}P&talyst\a 53060, ¢
demmmemmmmwﬁm 304ﬁrsken§l bterv3020ddfithé pressusergffirst pressure

A e A et i R oo des e d aR S RSl Fvarogen

ressure contro er rogen \Y

mmé“agemm Haounf e mwsege@f i m@@mﬁ@ﬂ 3620 BQSDFdrgpa:hP&rysthe desired
b%4 = QdyGL 3946, flows Inig, setanchaixes 303G araHe R RIFd Mixele INBE 1o increase
w

ere it is comblned with hydrogen 3092, which enters second
miRERBORD hPSEEETOIIA FFkErHSTet 3888, The quantity of hydrogen

3092 is mtr@{@@@%@m@ﬂdﬂtmgms\mwee&aa@ offirst TE@kysshedhird mixer

P eﬁ%’%@% th:%s(? §02m &gdsﬁ(%%?ﬂddrnc]!gxe%%%gg which enters second mixer 3080
through fourth mixer iniet 3088. The guantity of hydrogen 3092 is controled by second
hydrogen valve 3090. ‘First catalyst bed product/hydrogen 3082 exits second mixer 3080
through second mixer outlet 3086 and flows through second catalyst bed 3120 where it
reacis. As first catalyst bed product/hydrogen 3082 reacts, second cla.talyst bed hydrogen gas
and light end hydrocarbon gases 3105 may come out of solution and accumulate at the top of
second catalyst bed 3120. Second cataiyst bed gases 3105 are removed through second
reactor orifice 3107, The raie at which second catalyst bed gases 3105 are removed from

through second reactor orifice 3107 is controlled by second vent valve 3120.

27



10

15

20

25

30

through second mixer outlet 3086 and flows through second catalyst bed
3120 where it 30 reacts. As first catalyst bed product/hydrogen 3082
reacts, second catalyst bed hydrogen gas and light end hydrocarbon
gases 3105 may come out of solution and accumulate at the top of

secondgaiglysiheg 312Qs secAnd.cAialivehke 88828 IR ARIBMR¢Bon gases

through secaond reactor orifice 3107. The rate at which second cataI%/

) . st
b Y ASEROBIBE % RS SRS RIS R A THFBL P SEL SRS ARG iRcRPS Fast bed
corBnolied byreecendrveninddyai3d 28d 24:d4®] prassireotekearsisgcangressure,
catalyst bed hydro ight.end hydrocarhon gases 3105 ar
Bt s e I S R
caalyst $fdyd31R0 1 throptagsard B0sdE thedrarlys Iseeogd seks 31054 gases 3105

”&%ﬁﬁ?&&?f the desired. 983 RIES SR SREOARAISTIUIE 29 ANRrBE400 second

will signal to second hydrogen valve 3090 to decrease the 5 amount of
hytsgen Yo Sedbtiininarso s argainEReets te serprhiaiye HE:
gases JQbtddrppahelowdheidesikes Josintessuie-SR60061pr88SUrR eacted

controlle will signal to,second en valve 3090.to | ase the, .
B ST e s o e A R R NEFRRERIEss s
réactor 8049t geresEqtoront B30 04icR eattedcprodpitt 8¢08 1 #EWgough fifth
into second split area 3140 thiqugh.foury qrifice 3142 WNRI &tiSsPRY A0hrongh

into two flows, split'reacted product 3152, which exits second split area

3 8PS GER fth Befided 19ae o RIS St s AR BRRRITES el AP 3160

exigaeeRna:shlihared 340 throughs:sixib 26ige18146. Recycled reacted
product 3156 is E;{jmped throug{? recycle pun%%lglr_’l;go before mixing with

fresh feed 3005 & S PRPARS A3 6T AP FIRY TRSRRH S HERh EYRSHe FEPSRY
uddipnated bivhedmeactdrigystednrg érarathyitbof Bsig i dtatdrpditernuoatalicd by the

3200 th it liquid. in th t d lev
R e R A g 0

32moughrdughrifise d2fiteRoR0d eRuey e trpdastcd Proguct BRI MEH StifiRg 3206 and

segpopchasificer3206 andthefombingd keeysiad reaeiespiarustans felthugh thira
3212, exits firs?cé%glit aregg’%% throu;h thir}c/i orifice 3203. Combine ne

; | A d |
B ERS P AQS c fetPHTBER CPR P SERF 1SS P IS A RS Firkt iR PR BOSY roixer 3220
themeg st mixer inler 3224vwhetei itdentandineth Widrdpedrdzsen BR3R enters first
which e first .mixer 3220 thr d mixer inlet 3228. .
CUERT o RSB ST SonPaNe by s RGO ot g = concoied o
RérydiedrogantedprstitctBesttindeagehBod e firsrpgine? 22 2ots first mixer
th@%@Msa%mm&%%é%&@;az@daﬂ@wmgmg&%%%@al;}r RdRAGI et 3242,

inlet 3242. Tnside reactor 3240, recycled reacted productlfeed/hydrogen

32psidrmectan st Tetdstarpstedp s s Wirkpast st Slons Tueyeledrst oatalyst
reggterh prodisst/ ferddnydregen 382 Zreretsrdirsty calnlyal-besh hydragers, first
e SRS A g8 oo s SRS, Moy Some L 0 SMER, s
aredémovediftom the top of reactor 3240, First catatyst bed gases 3245 are removed from
reactor 3240 through first reactor orifice 3247, The rate at which first catalyst bed gases
3245 are rémoved from reactor 3240 through first reactor orifice 3247 is controlled by first
vent vaive 3270.
The level of the liquid recycled reacted product/feed/hydrogen 3222 is monitored at
first level controller 3250 which is above first catalyst bed 3260. If the level of Liguid
recycled reacted product/feed/hydrogen 3272 rises above the desived liquid level, first level

controller 3250 will signal to first hydrogen valve 3230 to increase the amount of hydrogen to

28



10

15

20

25

30

reactor 3240 through first reactor orifice 3247. The rate at which first
catalyst bed gases 3245 are removed from reactor 3240 through first
reactor orifice 3247 is controlled by first 30 vent valve 3270. The level of
the liquid recycled reacted product/feed/hydrogen 3222 is monitored at

fiEst; Gyl coRHOlleR, 3230 b E‘E&Hﬁ-é@?&@d?é%@&f%ﬁh@@ﬁ%%ﬁ%&%&%%m%ops

of liquid recycled reacted product/feed/hydrogen 3222 rises above the

desd e dhrclarr e ey Erstlselomets i sighsieea rirstrsyyderasn valve
vr;ﬂ\gl@ %@rl ﬂg@s'm@l@@gd gllﬁﬁebd FIatyk @h%y@g%gﬁg;;@ ?&tjrst mixer (113220. If

the level of liquid recycled.re roduct/fee ro 2 drops. .
potow EHERHEE TR GV i TR0 EUnTEHER S50 it Capeas it o
hirdeofiad vailkre 132 30ribidet reidisbytirogamitiiil, efigidengensaatmdirstmiLER0

3 : : : .

e e e o g™
whigreganterty s 38R d iR spBREObA Fsodis TEUAR FAR@Th Ry Zgwaixer 3280

qQuAaRiRY Lbydrgen 33824 iseanyalied ByoseacReb:-Rysianar¢alver823Qyre it
First catalyst bed product/hydrogen 3282 exits second mixer 3280

tHiFBESh AR BB GEFRIXE G0t SEEBARE oS G SE R CA 6P Bgrosen 2
3120naherel hyeecthoh et THAlsY bedpsaductiiydsoged 2262 ubacts the top of

second catalyst drogen.gas 10 and ligh d S
S S e R O ST DA s

catadyst e 8FHY . Sdeonts ehralist tseongastd 3308 greckeihidvets thrauigh from
SeGanch kearierartice 33073 sthealadiishssaspnibeaialyst e gases

3305 are removed from through second reactor orifice 3307 is controlled

by secorVERt It St ie! RALPEAIcE HYdiogstaly St foronitored at second level
presetibyth ugen:d2 82is raesiaiecalgetend jevelir i controll @333 Qiyst bed

which is above s d.catalyst hed 3320, If the level of first.catalyst bed .
oAU BT R0 P B I PO TaF OBl SCa R gy 2210 vil
congrellar 8840 Wltreignakivesidoortd inytrsgdinvaree8 200 dragenrsasectvg mixer

a%mt}ﬁ%%{%%fﬁ@t %E&%;@‘E' @@%aﬁ%&&g&'ﬁ@' &fogé%e‘%@&?%}{él‘cs@ﬁfléd fquid

product ogen 3282 drops below the desired liquid level, second leve

CORYRSIRSFBBLOVRIRIFALFTS BLboHbS g sy epr vaVey Sosorgavereabtqrjacrease the

20 amauptiefdysoaen iptersesanrd mexer 3280. Reacted product 3306

o IS SEETISHT 108 SAOHAL P T OFI B S g e

Sptitodnto A6 ﬂowsirsplébcea@@ﬁmelaE#Bﬁ&ﬁugwﬁmh’téﬂtﬁiseééérgxgbﬁte it 1s split

T

reauiend prétird3sseiRigamiséanfeigh Yo rird prn pesbshifare 3340 through

miking With fresh feed 3202-alfirsLaplilared 82 Mhmped through recycie pump 3360
before mixing with fresh feed 3202 at first split area 3210.

FIG. 17 shows a schematic for an up flow multi-bed reactor system, generally
designated by the numeral 3400 where the quantity of liquid in the reactor is controlled by the
pressure of the gases in the reactor. Fresh feed stock 3402 flows into first split area 3410
through first orifice 3404. Recycled reacted product 3556 flows into second orifice 3406 and
the combined recycled reacted product and feed, 3412, exits first split area 3410 through third
orifice 3408, Combined recycled reacted product and feed 3412 then enters first mixer 3420

fhrough first mixer inlet 3424 where it is combined with hydrogen 3432, which enters first
mixer 3420 through second mixer inlet 3428. The quantity of hydrogen 3432 is controlied by
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FIG. 17 shows a schematic for an up flow multi-bed reactor system,

generally designated by the numeral 3400 where the quantity of liquid in
the reactor is controlled by the pressure of the gases in the reactor. Fresh
feed stock 3402 flows into first split area 3410 30 through first orifice 3404.

Eﬁ@%@lﬁ%ﬁ@ﬁfdﬁé f@@bﬁ%ﬂmdﬁ%@%&&g@&gfﬂﬁ@%@@wﬁﬁmﬁ mixer
ombined recycled reac oduct and fe 412, exits.first split area
S S R ST S T e T oo it 3442
fesiiSkiRdhaMentes firstaniraB4@Rt thed (giihHeshriiasr ioket B40ukh first catalyst
whees dhiseempingd. with !&X?E?&%%ﬁ%&ﬁﬂ&&k&%}ﬁ@é‘g%ﬂé gggfige%éé%m

through second mixer inlet 3428. The quantity of hyd _
R daddyycoaetidan jafoiET vy Basubmegireied 4eadnay come out of solution

ReQUMCHIEaAMATRAEK o348 RXIta S tHRiKEX 3¢k BN EAUa B st iX8hoved from
outlet 3%3 and flod@f/és into reac% 3440 thr%ugh reactor inlet 3442. inside

(EATKSr 544 FREEY HEY TSR A BIBRTICtfe S0 DT GhRTSA SE HRARMR RS e
firéd catatystobedi8dt@avioe feldlrtactsh As leeyalEtiseaatadied by first vent valve
p;%ct/feed/hydrogen 3422 reacts, first 5 catalyst bed hydrogen gas and
light end hydrocarbon gases, 3445, may come out of solution and

accumUIBBETHE 15 orie AEtbradae Irf bivemarpotisdichioansshgdnBagper gases,
remaeVad Hemorsester3aldnonah-first saaotanRHficenddd frd REIAIE Ald 3460.

which first catalyst bed gases 3445 are removed from reactor 3440

tHFRFGH SFRE S PRl e SE0H vt Ve Qs Arpr acpetppressure, first
messueecoiimite sa S0 stitatalystbeshirdingen andedligitiandhyeieoadirount of

ases, 3445, are monjtored.at first pressuge controller 3450 which i
e R S b 483 g v e
3ipsBadszss pistrRetiestpsitet geaiyediss e O et signsisiorreumtdotem3456: 3430 to

il JRh Lo, RN ChogR PG A i0diaasapse the amount of
hydrogen to first mixer 3420. If théegtgres.sure of first catagg,gt bed gases

3445 diopt BEGE B58 I dsdiréA0aL v sreont snisfa Sa8 A lugRE fiepd mixer
3450 witksigial 1aSisstibycrogen Halves3d 394D, Wnatease theamou 1450

hydrogen into first mixer. 0_.First catal bed pro 3446 fl into
R R e e R TS f ol Bisecona
withitogdrogers 3482 Bulsichrielhtsised ecahutihixbn 3480 Stheatighefourtimixer 348¢

or 1| , i : , "
B O G b S5 e i
SEEGHd f1fi%er 3aBly st RGsEBHA PERT SateEZa S6cand Trwlisthegutykrogen gas

seeongheaialyshloesth3n 20w es i i0aeis: A%: irsbaalalystidRGumuate at the top of
product/hydrogen 3482 reacts, second catalyst bed hydrogen gas and
| bt aon g s

liGFBREARD TR ) EORAESD O T S5ITRBRYAH roued second
acegmutaitcattfitg. tihofasec oridchatalyst badi 35264 Seeondcaialysibesl from

9@?«%&%@9&@&%&%@9?’3%%@%%9 0 %‘3§%§1§e§% jeactor oufice 32Q¢; he rate
at wni second catalyst bed gases ar removegl}rom

The pressure of excess second catalyst bed hydrogen and light end hydrocarbon gases,
3505, are monitored at second pressure controller 3510 which is above second catalyst bed
3520. Ifthe pressure of second catalyst bed gases 3505 rises above the desired gas pressure,
second pressure controller 3510 will signal to second hydrogen valve 3490 to decrease the
amount of hydrogen to second mixer 3480. Ifthe pressure of second catalyst bed gases 3503
drops below the desired gas pressure, second pressure controller 3510 will signal to second

hydrogen valve 3490 to increase the amount of hydrogen into second mixer 3480,
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through second reactor orifice 3507 is controlled by second vent valve

3530. The pressure of excess second catalyst bed hydrogen and light end

hydrocarbon gases, 3505, are monitored at second pressure controller

3510 which is above second catalyst bed 3520, If the pressure of second

catalyskertgprend30baisss ahowe IMeodesiet gasiprestaré4d0 feeored
ressur roller 3510 will signal t nd rogen valy 90t0 ... o

R Py AT e S S Y A W s

oftsavonitbvatahstrtrsted aneGE052 drdpne: saitysatund esitadeg 33 P Sgoued fifth
22604 pressire. CONMEISESPAR Wik SeNAL IR Re5oRd X 0S40 through

3490 to increase the amount of hydrogen into second mixer 3480. 30

Rt ratfipn Sttt Bsts g eardoior s d i SRS AP Bt ks 3og pummp 3560
Repetadi-piodiet 344Gdowsinte sacepit split 3Ea 3540 through fourth

orifice 2.where it is split .into two. flow lit reacted product 3552 .
e s M S PR B e R AR AP B forpse e
réagtetioproduion®85 8 vl chaexiby deoorrdssiplt preass Rt atabudisigsiethby the

Quifies24%. %EX&EQQGE%QQ%?B%Q&'S% 3236 ispympad BEoHeh JEEYEIR042, and an

pump 3560 before mixing with fresh feed 3402 at first split area 3410.

Fyestel gt &t s amermatiecT T acsriene Yld T SREHSF WAth B kRl ofRrtReF Zone.

fqoz@%&@?@@sﬂpmgggﬁﬂwgﬂﬁwﬁ%h%@mw@mgssiru:g dﬁﬁ@%ﬁ% catalyst
ene esignate e number . Reactor is composed o

GECHAb LRGSR A0H2 B A1 Defet orfce, 4044

The intérwa@omﬂmmﬁﬁbissd&ﬁdm% goaesy af luppdr 48nen lower zone

Ay .&%ﬂ@&'@%ﬁ@i@%ﬁ& %24 30602 R 'E@%M%ﬂ&%&!"%ﬁ%&n@%@r zone

containing cat 060, composed of catalyst particles 4062, ahd

liGlidsuopsdteyaines FeBTiaR4850 eustt Tonegntaing e qobrrike 4070
liquids 483516 dewarZRREmA038 2% anlaneal-aheya sataly sthed Q8o eRor use in

4047 releases gases 4025 from upper zone 15 4020 at a predetermined
CBMERAE PR RAR HT { SRR UREIPEYF VEMB AR Ho FINEI 48 Gnowsty the
sabeaticdor & smbi-ey teaciorossthopresstirecortirolier sdaniaserificgr242, and an
up_ flow continuqus liquid phase.hydroprocessing pr nerall

R B S e A B o0

Apaepbesdingraiiriaastifice 4284 Jolpwedhy aumisto HASe, whigh iThendedignied by a
otthenreasifconsists OfafisteatalystRed. #860: 26,60mposed of

catalyst particles 4262, followed by a mixer 4280, which is then followed ,

by a secBRAEHPRYET ST 4390 1GHAD CESEPER taraRy SPIShticie aoadBix o il Is

partirOhieastorH20Adagateddriwesn teaciainlelsd242 anthmixernd280tly larger
0 Stg.i}rgipg gases 4225,

s, dvided njg R AR OB 352 % .
ar%&”a S@%Tflca%'n ly Targer Yower E)ne, dF con?alnlng Catalyst bed 4260
and liquitiss4235025dR pe 4806 st ol enad 2660 ihseestocrnbiatairiilis in upper zone
PIESRYIE a%&%%&%ﬁ%%%ﬁ@gﬂﬂ&e%ﬁ{‘&w releases gases 4225 from upper zone 4220 at &
predetermined constant rate. Vent 4247 1s regulated by vent valve 427G,
Mixer 4280, comprising a first inlet 4284 to infroduce Hquids 4235 into mixer 4280, a
second inlet 4288 to introduce hydrogen into mixer 4280, and an outlet 4286 leading o
second catalyst bed 4320.
The portion of reactor 4200 located between mixer 4280 and reactor outiet 4244 is

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

lower zone, 4360, containing catalyst bed 4320 and liquids 4365.
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4220 at a predetermined pressure. Vent 4247 releases gases 4225 from

upper zone 4220 at a predetermined constant rate. Vent 4247 is

regulated by vent valve 4270. Mixer 4280, comprising a fast inlet 4284 to
introduce liquids 4235 into mixer 4280, a second inlet 4288 to introduce
hydrogBrednice puxesdkz 80 1 anchad cuteld23ale peingtoo3@B8ecapsh in upper zone
catalyst bed.4320. Tﬁle ortion.of reactor 4200 locate een mixer
R By o AL S o dd A e S Shge 4350 oo
ABBEiooHmihtegtras e« 3681t 4307 assiemifidehily iangerivowWddzone, 4360,
containipg£atalyst Reth 4320200 inkida 430shiBresIwe.conalie ropane,

4310 is used to maintain the pressure of gases 4355 in upper zone 43

RUPPTEABPR IR Fe {3TiFe TRPa N SYT Rolude dieiydudsoabeny obgh gt lates,
zonR i3 004l AV e datatotisie d Roosiertk ade 0lenirdSRTeisrEbtaet b Yroduct,
vent valve 4330. In accordance ith the present invention, deasphalting
e B s BRI SR GT Wi hhes. Other feed

diluents include light hydrocarbons, light distillates, naphtha, diesel, VGO,
previgesiEhydroprocessed stocks, recycled hydrocracked product,
isomerizéd product, recycled demetaled product, or the like. EXAMPLE 1

|10 A feédis stesier dimiee group Iseeisruisrienbsistilstmaretds, waxes, lubes,

resids, onaxdsotheb@sn BA gy iwelsrthernthan diesel fueldsydroteatethogen.

at 620K to remove_sulf d-nitrogen. Approxjmately 200 SCF (5,66 m3
PRI oLl SEr L8 e DATTRF SRR ARG, RBREF= o e st
spekHigatidicpiadpstddhe Titudihtes sedeletectiffon the goapp Ofpraparietane,

b t i d i istillates tha, diesel,
K, RN AR Ac B S AIBT BES AROTNRIERE)

tiiTaPIeAttes BperaihiguiBRaiow et nipraurawiterongtatn2i 620K outlet

respiarioed atio & 67 Qe RibaY 15:84iiigPE A6 AMRNSRAIbR AGS UEL mplish
reactions. EXAMPLE2 20 A teed selected from the group of petroleum

frREHSRCCHISHRIERBS, resids, oils, waxes, lubes, DAO, or the like other than
deasDhalted oil is hydrotreated at 620K to remove sulfur and nitrogen

ap turate aromatics. Approximately 1000 SCF (28.32 m) of
hm%‘%%;%%m:

“must be reacted per barrel of deasphalted oil to make
specificatifsadpdatiet. fitte Eitumenrio fseledtadifiormtite, gistipast proplnels, waxes,

bytanepentang. light fiydracaraons, dight gistiiatesw2adian %tﬂﬁqf Qd%a%'m_ sulfur

VGO, ‘previOtFJ&s&/. hydroprocessed stocks, or combinations thereof. 50\ ,
tBBHTPEER 1 S EFAHHG APBLERE o (Bt TEmpstAt R0t cF 6%z Wittpahydrogen
reayeled adiorod Bebais] sulficigntbiedmavicie atlkab b bydregrmeduittiiiuent is
% e%!:lgdv%rt)%g leeg,sr%&g %? é-ggaég,'ﬂﬁ%%%%ma, light hydrocarbons, light distillates,
naphtha, diesel, VGO, previously hydroprocessed stocks, or combinations thereof. A tubular
reactor operating at 620K outlet temperature and 80 bar with a recyele ratio of 2.5/1 is
sufficient to provide all of the hydrogen required and allow for a less than 20K temperature

rise through the reactor.
EXAMPLE3

A continuous liquid phase hydroprocessing method and apparatus as described and

show herein.
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rise through the reactor. 30 EXAMPLE -3 A continuous liquid phase
hydroprocessing method and apparatus as described and show herein.

32 EXAMPLE 4 In a hydroprocessing method, the improvement

comprising the step of mixing andlor flashing the hydrogen and the oil to
EXAdEIeH fh the presence of a solvent or diluent in which the hydrogen

solubility is.hi ' ilfe: P . The Example 4._ .

2bove e The Sotent or o aa e M o AR g andin
rapHRtEhp FoBErRST Bnte opdnkiecaighiiperpicarbenel 4igpiveis ol aidusnt in which
R eiasRlbiNG R hRre Yiplsly BYFsQRracssed stocks, or

combinations thereof, 10 EXAMPLE 6 The Example 5 above wherein the

feed is selected from the group of oil, petroleum fraction, distillate, resid,
degelfich, deasphalted oil, waxes, lubes, and the like. 15 EXAMPLE 7 A
continupusdiquid: phase_hydroprocessi ethod comprising.the steps of .
blendizg%“ eedg%/\g})it agggﬁﬁ)vcek}# %na%geraslﬁ%%lgtﬂ%r [ Sgirl\?ﬁ eseﬁéjsﬁ3 ?%%(tucr}én \:t\% group o1
thgaYS gephiise Bre g, fetener PreEBtntid rdeetaihaan et digjdlatmixteniathe, diesel,
Mmﬁ@@m@;ta@ﬁ%@g@eé%a&v@é%mﬁm@ if4fllF, nitrogen,

oxygen metals, or other contaminants, or for molecular weight reduction or

20 cracking. EXAMPLE 8 The Example 7 above wherein the reactor is

KEpL B préssure of 500-5000 psi (3447 kPa - 34,473kPa), preferably
1000-3000.psi (6 Pa - 20,684.kPa)..25 EXAMPLE 9 The Ex le 8

above A Ak R plt o e KSR o ot Mo Y B ol
Jercition esiditionestb dirattihemie deanohaittdilityslinnit, BO&E)XANBE Ek20 The
Example 9 above further comprising the step of removing heat from the
reactor_effluent, separating the diluent from the reacted feed, and

r@é@% diluent to a point

A continuous liquid phase hydroprocessing method comprising the steps of blending a

feed with a diluent, saturating the diluent/feed mixture with hydrogen ahead of a reactor
reacting the feed/diluent/hydrogen mixtare with a catalyst in the reactor to saturate or remove

suifur, nitrogen, oxygen metals, or other contaminants, or for molecular weight reduction or

cracking.

EXAMPIE 8

The Example 7 above wherein the reactor is kept at a pressure of 500-5000 psi (3447
kPa - 34,473kPa), preferably 1000-3000 psi (6895 kPa — 20,684 kPa).

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

supercritical solution conditions so that there is no solubility limit.

EXAMPLE 10
The Example & above further comprising the step of removing heat from the reactor

effluent, separating the diluent from the reacted feed, and recycling the diluent to 2 point

upstream of the reactor,
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upstream of the reactor. 33 EXAMPLE 11 A hydroprocessed,
hydrotreated, hydrofinished, hydrorefined, hydrocracked, or the like
petroleum product produced by one of the above described Examples. 5
EXAMPLE 12 A reactor vessel for use in the improved hydrotreating

e present invention includes catalyst in relatively small tubes

Of 2-INGh{R itk CHAMGERS il Ay APRIRX
t}%&%’? %3 n%)%%nd with th?e r&ctor%%ilt to Witrl%gfaaﬁr?gi% gré\ggéﬁlgg&g‘%%%%% or the

HEFB0UEIHSH PrerBess DB aye 10 o deserhrl Esamalns

deasphalting process eight volumes of n-butane are contacted with one

%ﬁ{zvlgcuum tower bottoms. After removing the pitch. but prior to

e solvent from the deasphalted oil (DAO) the solvent/DAD
mix is phmm wap%ﬂmé@%ﬁ@ﬁﬁ@@ihﬁwmt(@@SEm& H0IB4Rekia)
ancbmied it hydiegen, ARRIRNIAIRI B0 3CE, 4205 D 4L 3 RELRANS], o0

of DAD. The solven AO/%r%gen mixture is heated to approximately
SOBIBTOR TRTToARe AR catdly 8 forvemiidhe Feaghurdwifrsysithaimad

satsgaltenaharomaticshesdydrougating dhe butane is recovered from
the hydrotreated DAD by reducing the pressure to approximately 600 psi

(4137 kPa). 20 EXAMPLE 14 At least one of the examples above
iR Il Ati-stage reactors, wherein two or more reactors are placed in

series With e R aelarh AARLAUed 0 BaARNGE WU DENIE B lacted with ome
invention and having the reactors being the same or different with respec%
tSASRp BT IASFEND S ire Sstiraic atdiystomp e ke pitplkiiok Briftitbeepovering the
resiehar o e EeiB BN AR encata st eds Ly 8 plaged g\ﬁﬁéﬁ%@?&mﬁmly
| ?g {éj@nce(ég%gége present invention, EXAMPLE 15 Further to

i E {660 Migmd it SRgRd SHERsr ST BroiRE: SpetsHy ity 900 SCF
pldcitioty, Hyaxe batuh e s Davd. tadikavanielyOnydreesacking:is thehrsaking

0 - and_hvdroisomerization.is the rearrangement of
B A o R (e ans
USHERYROhvBaieh tdWer bisnemeioe dedsphritisdwitvtoedvivith datdlystotreated
POiSONNEINGAL HapkeieANd DYHFQRIARKEER0 psi (4137 kPa).

EXAMPLE 14

At ]sast one of the examples above including nulti-stage reactors, whersin two or
more reactors are placed in series with the reactors configured in accordance with the prasent
mvention 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 & single reactor in accordance with the present invention.

EXAMPIE 15

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

Briefly, hydrocracking is the brealing 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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34 EXAMPLE 16 Hydrocracking: A volume of vacuum gas oil is mixed
with 1000 SCF (6895 IcPa) H2 per barrel of gas oil feed and blended with
two volumes of recycled hydrocracked product 5 (diluent) and passed
over a hydrocracking catalyst at 750F (399C) and 2000 psi (13,789 kPa),
The hydrocracked product contained 20 percent naphtha, 40 percent

ﬁ»&@ﬁ@%@% percent resid. EXAMPLE 17 10 Hydroisomerization: A
volume d containing 80 percent paraffin wax is mixed with 200 SCF
(5.66 mhivrpreelbageh shiawd alicblandes eilts TieYoliinE0op BEHER2edP2) B,

Preduistas it Rnsl pasiethoy ShaMeURRHEOgcaLalYSE B BB Macked product
(@}7{{.80) and 2000 psi (13,789 kPa). The isomerized product has a pour

P F08 Raites QKe & DiCsroratkns rikm U E0Ts BSRhohen Rt At G- 789
AdsjuMe bf deedacheataiting: B ppmettabaetalsiphien doc ey 1hQ:BEE 40

(4é%c56,l§tP&).£|2 per barrel and mixed with one volume of recycled

metaled product and passed over a catalyst of 450F (232C) and 1000
psi (6895 kPa). The product contained 3 ppm total metals. 20 Generally,
Fsehgfplpsch refers to the production of paraffins from carbon
monoxide and hydrogen (CO and H2 or synthesis gas). Synthesis gas
containS TR 19350%Y TS preieicBaliraraiine 38 Bt sasiinarmy is mixed

ca@dhcuon@@m%ﬁsﬁmzﬁﬁa&mﬁgﬁa&i?mh 5 eﬁ@@@k_?_ﬂ}%hﬁﬂ&ﬁgiﬁf_isqmeﬁzcd
catalysts ta.produce specific products. The Fischer-Tro synthesis is ,
R PR TSET S e P B RN 35 LT CE e o0 s
atid A2 aVe). A 'bupportect st etalivdtbiystpdheclassiGFBCHECT#0HSCH of 140.
catalyst is iron; however other metal catalysts are also used. Synthesis

gas can and is used to produce other chemicals as well, primarily
aleghaf@ LB ItRough these are not Fischer-Tropsch reactions. The -

technolegyRbithe-Rresankinyeskian cavhedastinr AyLealaiMic R1eCe $ended
Wh%el%wﬁé:r maore coni%onents must be transferred 30 from the gas
pﬁ'é e

liquid Pifase RS PEEEH BROGHIRS Witapsr Sivraeal esxpiRfpiemetaled
18rédtworsiagesky dreproeessingMmethod 3 etErend toedipst @8eeiiBa). The product
OIS RIS E (G0 kpay, 35 after which the contaminants
H2S, NiBerll wiiermrelmemobedfunth s erotutBoagd vemdfmsigothearbon
operaied ahrondiiers sufficiant for aramRlic SafURIQ:s pas contains CO,, CO, Ha
and is produced from various sources, primarily coal or natural gas. The synthesis gas is then
reacted over specific catalysts to produce specific products.

The Fischer-Tropsch synthesis is the production of hydrocarbons, almost exclusively
paraffins, from CO and H; over a supported metal catalyst. The classic Fischer-Tropsch
catalyst is iron; however other metal catatysts are also used.

Synihesis gas can and is used to produce other chemicals as well, primarily alcohels,
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 liguid phase for reaction on the catalyst surface,

EXAMPLIE 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 kPz)],
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EXAMPLE 20 5 The process as recited in at least one of the examples

above, wherein in addition to hydrogen, carbon monoxide (CO) is mixed

with the hydrogen and the mixture is contacted with a Fischer-Tropsch

catalyst for the synthesis of hydrocarbon chemicals. EXAMPLE 21 10 The
chdtre enEanAL R Het OB oIth & Xt A5G R fiserend fige reactor is

qhansiy-abdhe-bagichieed/dituentihydagen sahddiednside the reactor is

controlled by the level of the liquid feed./diluent/hydrogen mixture and

reacted liquid feed/diluent/hydrogen mixture in the reactor. The level of

tBeCAQERASE 20the reactor is held above the top of the catalyst bed in the 15

reactor i, PARaLeE Ryl ey eLePBliolah As 12ROk b UaidR Haition to

the reactor'rises or falls, the amount of hydrogen added to the ‘

fEERRERTe PRI RN IAB X8RI (<00 & AR &Y G Lhai B drregp srdiesyr e R FerBtacted
thetiquidsnisn-thegeadas EXAMBRL E42:20 Jhe aracessmasdeciied in at

least one of the examples above, wherein the quantity of the liquid
feed/diluent/hydrogen mixture inside the reactor is controlled by the

pESSSMIE 8fthe excess hydrogen gas and light end hydrocarbon gases at

the top reactor., T r > of t of.the.reactor__ .

5 held e S LR SR iy of

vih reyd deediinentbudraaentie aesiesddp ibe teic P s peeifidteionstbadevisbof the

presRuR Ofithegases attha-tap.ofihe /e toninCioaRe s .ok IR 8SEHi G e in the
amount of hydrogen added to the feed/diluent mixture is adjusted to

d&ertse or increase, respectively, the pressure of the gases at the top of

the reaﬁb@.lénaﬁ@ﬁdrdﬁ@@iﬂ%hﬁ%m%ﬁﬁﬂﬂmﬂe m@ﬂaﬂm@dalyst bed in the
hyedré?&r%: %%&ﬁ%rgé)bh 29 {g\;g?ggn él?%.d 'i&sf %IBSTBI\D ’P?)éger %rcgg&l.?g ‘t}?e?rqé%{or TiSES OF
hydrocracking process providés for the “removal of impurities from Tube
ofdlaniteweeust af Ayvdlgiveiidohiptbs Spddandnivitivarmimadiustedmdomitod: raise,

cggﬁj}g&gmy,r%m &rtﬁg%r&ﬁgqg the.peed 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
selventrEgraexample, a diluent for a 36 heavy cut is diesel fuel and a

diluent far a light cut is pentane. Moreover, while using, pentape as ‘
diluont, DIEFITS AL OB o A s SIEIRy P DS feantity of
pfes&ntihiedtibhcoie darzachinvemuoreésd lanrs stoichionietiiel by the pressure of the
r%‘iﬂﬁs‘%w&&n@é@@rﬂﬁ% g ‘&'Hy&%cﬁlr%%' 4tlizing the Arocess of the

present invention, one can reduce cost of the 5 pressure vessel and can

use cataiyePisssranttisesastiche nof Bedapdre Byhridie mestied pressure

appropriate for the particular application, with respect {o the feed and the desired product
specifications. As the pressure of the gases at the top of the reactor increases or decreases,
the amount of hydrogen added to the feed/diluent mixture is adjusted to decrease or increase,

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

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

adding a dituent or a solvent or choice of diluent or solvent. For example, a diluent fora
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Further, by utilizing the process of the present invention, one may be able

to eliminate the need for a hydrogen recycle compressor. Although the

process of the present invention can be utilized in conventional

equipment for hydroprocessing, hydrotreating, hydrofinishing,

i efnimgietauier and nydisatdexmbiciosatos nastieydieovametoeasing

bediRikesUlt disiag, I&w%&a&ﬂ%i&g&%hﬂﬁﬁ%%&ﬂ&,ﬁ%?g‘ﬁ@ﬂ%@é&%sf? the
0

and the like by being able to run the process at a lower pressure, and/or
SESETh LB P OB GEh ECRgr B, ot RRISHOBEHO B tRE PHefigydrpgen in
rgcdtm‘pr;)c@?sedysiﬁﬁ:iﬁfg ﬁtgqﬁow&si lefthe gmatiméa@aﬁe%e cféﬁt?\elﬂliﬁ H@éwof the
S i ms, | uld. be arent._15 to those skilled.in the art that
i o R s BN B e eeneos
WitHBIgE dupeHirgefbrPipesscofibeat isenirive ntim, Avcoreirigliybit is eliminate the

apRroRiateyiakine-apneadeg:cleims be construed broadly and in a
manner consistent with the scone of the invention. 37 CLAIMS 1 A

control $YEIEPREICPESEHRICHE ISR RLEI Ay AFB Srovdingh dnreamigitional
heytigrant daperrarecef0as es@peaELDE AR A WRRZRSA or

liguids surrounding a catalyst, comprising: (a) an indicatoy located on said
R R S R S - Y GV e
ingictinsy hdttisg: obtairsebfromddid Senisirispimeais i¢dumthapsrfess at a lower
CRyerHNg g indi in iplicator signal: () a computer to .
rgceive said indi%@s%ﬁ%%%)%%%ﬁn@ﬂ%@% arflz’sor%i%tgi]r% %&%ﬁ%ﬁ%@#&?ﬁﬂmugly
t&‘%@ﬁ?ﬁ‘&??ﬁ?ﬁé??‘(@f’%f@%ﬁtware program to interpret said indicator signal

and malmlﬁéjﬁitm@iﬁﬁh%%QG&ﬂ %%ﬂﬁ‘ Isﬂ%&&%@é iﬁgﬁ)fﬁﬁ‘?‘ﬁ%ﬂ%id be apparent
cony %rstlr%%ﬁgéd a gstr%agtsitq ain a(g‘%‘stment signal; (i)_means for

tranSmMIttng caid adjtstrreAt SRS STy Bro GeHContr (ara et siaaees and
upswiearifiony Ehidtréaetoingfichtadjusts tfalamoentief NydsogBReBoine:

[ ; for interpreting.the adjustment signal at said .
e e A S e g i
VAN EI9R8 &F bR isEmtiaterpreting means. 2. The control system of claim 1
wherein: the indicator on the reactor is a liquid level indicator. 3. The

control system of claim | wherein: the indicator on the reactor is a gas

pressure indicator.
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CLAIMS

A control system for a continuous liguid phase hydroprocessing reactor
having an upper zone of gases and a substantially larger lower zone of
liguids surrounding a catalyst, comprising: (a) an indicator located on said
reactor; (b) means for sensing the quantity of liquid in said reactor; (c) an
indicator reading obtained from said sensing means; (d) means for
converting said indicator reading to an indicator signal;, (e) a computer to
receive said indicator signal; (f) means for transmitting the indicator signal
to sald computer; {g) a software program to interpret said indicator signal
and make adjustments based on sald indicator signal; (h) means for
converting said adjustments to an adjustment signal; (i) means for
transmitting said adjustment signal; (j) a hydrogen conirol valve, located
upstream from said reactor, which adjusts the amount of hydregen going
into a reactor feed; (k) means for interpreting the adjustment signai at said
hydrogen controt valve; and (1) means for adjusting said hydrogen controi

valve based on said interpreting means.

The control system of claim' 1 wherein: the indicator on the reactor is &
fiquid level indicator.

The conirol system of ciaim 1 wherein: the indicator on the reactor is a

gas pressure indicator.
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